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EXECUTIVE SUMMARY

1 INTRODUCTION AND PROJECT RESEARCH OBJECTIVES

Water 1s Life

The Department of Water Affairs and Forestry, as custodian of the water resources of South Africa. must
manage both water quantity and quality to ensure sustainable development in South Afnica One of the
pnme aspects of protection of this scarce resource, which 1s now recognised as a national asset, must be
through ensunng that the correct water quality for use 1s mantamed Quality assurance, which is resource
directed, entails inver alia. the establishment of guidelines for water quality for the natural environment
The setung of these guidelines involves both the reviewing of established guidelines from around the world
(Kempster er a/ 1980), and expenmental investigation of those suntable for indigenous nivenne organisms
(Palmer ¢r al 1996) Both the Aruficial Stream Project and the Standard Laboratory Orgamisms Project
(WRC Projects K4/475 and K5/545) were inttiated to satisfy this need. In the Aruficial Stream Laboratory
at Rhodes University, which 1s now operational, toxicological work 1s undertaken which requires a steady
supply of indigenous macro invertebrates as test subjects. This has emphasised that if this facility m whach
a large mvestment has been made, 15 to function adequately, the potential bottleneck of an wmadequate
supply of test amimals should be avoided Therefore, a building dedicated to the breeding and reanng of
the selected invertebrate species 1s essential This facility will ensure an uninterrupted supply of test
orgamisms of known quality and ongmn for ecotoxicology research

Little information 1s available concerning the life history, biology and ecological role of southern Afnican
aquatic nvertebrates and this knowledge will enable researchers to make informed decisions about
collecting times and the potential availability of ammals of the best size and stage of development In
addrtion, the impact of proposed environmental change cannot be accurately predicted unless information
of this type 1s available  The understanding of the physiology and functioning of test amimals under natural
conditions 1s needed if results of functional impairment due to contanunants and toxins are to be accurately

assessed

Durning the standard laboratory orgamisms project, nvertebrates ranging from mayflies to crabs and
flatworms were screened and several species were selected as candidates surtable for laboratory cultivation.
Two species, Burnupia stenochorias, a hmpet, and Adenophichia auriculata, a mayfly, were chosen for
in-depth nvestigation (Haigh and Davies-Coleman 1997)



Furthermore, the long term effect of contamunants on the physiology of the test species can only be
critically evaluated if information 1s available on baseline responses under normal and optimal laboratory
conditions. Information ganed from the biological mvestigations to determune optimal mamtenance and
reanng conditions, therefore, have a wader apphication  The expertise being developed n this and dunng
the earher project can be applied to other areas of environmental management such as the rehabiltation
of damaged nvers and streams

1.1 Aims of the proposed project

L To conduct expenmental and field investigations on the selected test species which will support
the information already available
Burnupia stenochorias. Field and associated laboratory studses on the reproduction. Continuing
laboratory studies on growth and feeding
Adenophiebia auriculata.  Laboratory studies on artificial fertihization, and the rearing of
hatchlings

. To test the expenimental techmques so developed at a larger production scale

. To mnvesugate and design features and costing for a laboratory dedicated to the large-scale
production of the selected species The sutabily of vanous biological filtration systems to ensure
optimal water quality conditions and light conditions for the culture of both the test species and
selected diatom species (peniphyton) as feed for the test species, wall be investigated

1.2 Background to project: Summary of previous project conclusions.

Burnupia stenochorias

Although a substantial body of information had already been obtained by the end of 1995 certan areas
of mvestigation was incomplete and we realised that another years of expeniential work would yield
information which would potentiate the work done already The field mvestigation into the reproductive
biology of the hmpet which had been going on for six months needed a full cycle of seasons for
mterpretable results A second large group of adult was discovered in a pristine nver and afforded the
opportunity for a comparative reanng and feeding expennment as well as a subsequent experniment using
the laboratory reared adults to venfy the fecundity questionable values obtamed i 1994 Field collected
ndividuals of known age and size sull had to be sectioned to determine the onset of sexual maturity under
natural condtions. This would augment information on reproduction gamned from laboratory work. The
analysis and mnterpretation of the results was completed in August and papers are being prepared for
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subrmssion to journals

Adenophlebia auriculata

The field investigation of this species in the Palmuer River needed six more months of data collection for
the observations to have been carned on for a full two year cycle. The artificial fertihisation had only been
accomplished once and addmional work to standardise the method and on the rearing of the hatchlings
would hopefully vield a useful result

2. SUMMARY OF PROGRESS Development of the rearing facility

Some of the major constrants in optimising the culture of the invertebrate have been due to the lack of a

surtable facility with good quality water on tap and the correct hight quality to grow diatoms and algae for

food The design of a dedicated facilny took into consideration the type of structure which would be most

suitable to the purpose and cost effective in terms of thermal control and the light requirements for algal

cultivation The building, for which funds will be be raised, will serve as both reanng facility for test

amimals and as expenimental test laboratory  The overall size 1s 25M x 6 SM with a pitched roof

It wall consist of

| A breeding and rearing area, divided into an area with recirculating streams (3M x 0 4M) and tanks
(5-251) n which algae will be cultivated and the amimals will be reared and an adjacent small cool
room with smaller streams (1 $ x 0 25M)

rJ

Two offices and a storeroom in the central part of the building with computer facilities, filing systems
and kitchen / ablution facilities

)

A toxicology laboratory which 1s air-conditioned of a simular size to the reanng room, with shelving
and work benches

This type of building has specific requirements

The thermal stability of the building will be important and attempts will be made to achieve this without
having to resort to the use for electncal cooling which can be very expensive Firstly, the walls will be
cavity walls filled with insulation and the roof space will be msulated Secondly, fast-growing deciduous
trees will be planted at strategic posttions to provide shade and additional cooling i summer The
proposed building should be sited adjacent to the new hatchery at the Department of Ichthyology and
Fishenes Science, Rhodes University, which 1s close to the exasting Artificial Stream Laboratory
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Light The correct light for growing algae as food 1 ¢ as close to natural light as possible In addition to
large, shuttered window spaces in the reanng room, some artificial hght which provides the correct
wave lengths for algal growth will be needed.

Water Good quality natural water from a sunken water reservoir should be delivered to the recirculating
units by gravity feed Bio-filtration should take place at the channels Adequate provision for
waste and toxic water disposal through exit channels into the municipal dramage Good quality
sloping floor of secaled cement for dramage Should the water from the reanng section be
recirculated to the tank, a sand filter outside the building wall be needed

Temperature Temperature control through mnsulation of cavity walls, and celling, air condmtioning for
summer and heaters in winter  The roof space will be supphed with “whirly-gig” extractors

Hygiene Each recirculating system must be separate to prevent contamunation spreading through the
laboratory The toxicology and chemical lab separate from the reanng area to prevent poisoning
An ultra-violet sterihsing unit in the water supply to ensure removal of pathogens Hot water
available 1n sluice room for washing equipment

Air Ducted air supply for reaning juveniles i tanks and buckets

3. SUMMARY OF RESULTS - INVESTIGATION OF BURNUPIA STENOCHORIAS

3.1 Introduction

Manipulation of Burnupia populations i the laboratory could possibly be considered the bottom line to
culturing effectively under any given laboratory conditions The productivity of any species and its
population structure can only be determuned with a knowledge of growth rates, age structure, longevity and
mortality rates. There are many ways i which growth estimates have been made Aquacultunsts typically
use one of three measures when reporting growth absolute growth rate, relative growth rate, and specific
growth rate Less frequently, von Bertalanffy Growth Functions are used Growth of Ancylidae in southemn
Afnica has not been studied to date, so that no background knowledge was available The methods to
determine growth m this project were aimed at providing a spectrum of data, from field (in which there was
no control of the environment and measuremnets were of natural populations), to enclosed field studies
(where some control was provided but under almost natural conditions), to laboratory studies (in which the
inputs were ngorously controlled and actual growth rates of the same small populations of impets were
obtamed)
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3.2 Natural Populations

3.2.1 Field

A field nvestigation of $2 weeks was completed, where at least 300 hmpets were measured for shell length,
at fortmghtly intervals from two sites n the Bloukrans River below Grahamstown Any egg capsules
present were connted and number of eges inside noted. 1f possible Through these observations it was seen
that eggs are laid all year round but with a substantial peak of laying from the stant of the spring months,
mainly September, to early January As direct aging techniques are not available for impets, and no growth
nngs were found mn the shell, a senes of steps were taken within the programme FISAT, to determune the
longevity of a hmpet and to predict a growth model for the two populations studied Histograms of
frequency of sizes, and Probabilty Paper did not give any results as to number of cohorts per vear, or
longevity ELEFAN analysis, a programme within FISAT based on the von Bertalanffy Growth Equation,
suggests the longevity time to reach the maximum shell length of 7 Smm 1s nearly two years, however, in
reality this figure could be much less, depending on the time of year and conditions prevailing in the nver
at that ume, this has been bome out with laboratory tnals Monthly and daily predicted growth rates are
provided within the programme, where for any one cohort, there is a very strong winter phase of no-growth
The rates are compared to growth rates of known-aged hmpets, in Section 3 3 3

Temperature, pH and TDS differences between the two sites were found to be non-significant. However,
flow rate was very significantly different and this in tum influenced the predicted growth rates

3.2.2 Morphometric Analyses

Both wet weights and shell length, wadth and height were measured i three local populations of limpets
(Manley Flats, Belmont River and Botha River respectively), and compared using regressions, correlations,
ANCOVAs, Pnincipal Component Analysis and Discnimunant Analysis. The results ndicate the sigmificant
relationship between length and wadth, with a greater vanation in height measurements when related to the
former two Sumilarly wet weights were most significantly correlated with length at the two sites in the
flowing water (Manley Flats and Belmont River), not surprnising as length 1s the largest Morphometrnic
measurement However, m the non-flowing Botha River site, poor correlations were found between weight
and length, height or width As weight changes are generally considered an indication of growth, any
analyses of growth in the future should measure height and width, and not just length, particularly if hmpets
from Botha River are used for ecotoxicity tnals

However, if ndividuals from all three sites are compared, the three populations cannot be separated on the
basis of thewr morphometnc measurements alone



3.2.3 Habitats,

The investigation of the habitat preference of B stenochorias was conducted as a field study by Lisa
Pretonus, a third year Zoology student to confirm casual observations made to date on the habntat
occupation of B stenochorias. Three local populations in the Bloukrans, Botha and Palmuet Rivers, in the
Grahamstown area, were mvestigated dunng summer and winter

Results indicate a preference for the following

B Substrate - a firm surface to which the impets can attach, lay nt's eggs and feed on algal
growth, these surfaces can include stones or rocks (from as small as 2mm n length), or
less commonly, submerged vegetation No preference was shown for size of rock relative
to size of impet Only the occasional hmpet was found i soft sediment, and this may have
been as a result of error on the part of the researcher

. Flow rate - stones-out-of-current had higher densities than stones-in-current, non-flow
conditions in Botha River maintamned high densities of limpets

* River site - Palmuet River had sigmificantly fewer (p,0 03) mdividuals It was noted that
from the results of the one water sample analysed in detaul for ppm of sodium, calcium and
magnesium, all three chemicals were substantially less in the Palmiet River than in either
the other two nivers

L] Temperature - between 10" and 25°C was tolerated However, winter sampling revealed
fewer, large impets present

. Water chemustry - all rivers averaged S00mg/1 TDS, and did not fluctuate outside the
range pH 6 8-8 04, where 8 04 represented the Palmuet River site

3.3 Experimental Work

3.3.1 Laboratory Growth Conditions.

A new development was that the streams were lined with plastic for ease of handling mpets and sampling
for diatoms on a regular basis. Dechlonnated tap water was used, and calcium and silica were added
regularly for the growth of the limpet shells, and the ditaom fustules respectively Water chenustry was
analysed regularly (pH, TDS, phosphates, nitrates, nitrites, alkalinity, and vanous metals) Growth of
penphyton was monitored by means of chlorophyvll samples, and diatoms identified by Scanning Electron
Microscopy Results have given a good indication of the diatoms which can be expected over a long term,
n the streams under the given conditions of water and light, and the effect of the impets grazing



3.3.2 Effects of Feeds on Growth and Reproduction.

In order 10 improve the growth of the mpets mn the laboratory cultures, Nutrafin, a fish food with vanous
protemns included, was tested against the usual duastomy/penphyton lavers as a feed for newly hatched impets
of known age, and the effects of the different feeds on growth and fecundity were analysed. Nutrafin had
a significant positive effect on the growth (substantially increased) and longevity (extended) of the impets,
although inmal mortalities were simular to the other feeds Enormous individual vanation in fecundity in
all feeds occurred, with laying times relative to age of limpets, with rest penods between layving, with
number of capsules laid, with numbers of eggs in capsules, and with fertility of eggs laxd The largest
percentage of eggs was laid i the first four weeks of the reproductive period, which was 10 to 12 weeks
after hatching This confirms previous results of 1995 The extended longevity also realised a greater
output of eggs 27% of the hmpets laid egg capsules showed one or more developmental abnormalities, and
this, together with the enormous individual vaniability, makes predictions as to expected numbers of
offspring very difficult

3.3.3. Field Baskets

Limpets of known age (from the same source as the above) were placed on rocks in baskets in the
Bloukrans River, and growth and mortalities were monitored weekly. These were compared to the growth
of the limpets from Section 3 3 2 by regression and ANCOVA, and found to be simular The results were
also found not to be significantly different to the growth rates predicted by the von Bentalanffy Models for
the two sites previously analysed using length frequency data (Section 3 2 1), thereby confirmung the
authenticy of the models

3.3.4 Sexual Development

Limpets of vanous sizes were collected and preserved in Bouins Fluid each fortnight for 52 weeks from
the two sites i the Bloukrans River (Section 3 2 1) mounted in wax, sectioned and staned. The results
showed the descnption of the gross gonadal morphology of B mociensis, published by Oberholzer
and Van Eeden (1969), to apply to B stenochorias. Male and female sex cells are intermingled in the
acinus. All overwmntening limpets larger than 3mm shell length contained mature ova. Smaller limpets
showed only early Spermatogenesis The only limpets in the overwintering population which showed
late Spermatogenesis were greater than 4 08mm shell length With increase in water temperatures in
spring the sexual development appears to accelerate By midsuumer the ovotestes occupies up to 50%
of the body cavity in most limpets and both male and female sexual development was present
Spermatogenesis and oogenesis declines duning late summer and autumn.
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3.4 Conclusions

With the adverse effects of handling on the growth of the impets, extensive use was successfully made
of plastic sheeting, in both the streams and the aerated bucket system, as well as in the movement of
limpets from one locality to ancther for the purposes of toxicology expenments The aerated buckets
give the most 1deal growth and fecundity results of all the contamers investigated However, the impets
will have to be conditioned to running water dunng some stage in their cultivation where they should be
held until required, as they should represent the natural populations of impets being tested for effects of
toxicants in the toxicology programme Plastic sheeting with limpets attached 1s an 1deal means of
transfernng the limpets from the buckets to the streams presently used for theiwr cultivation

Attempts to successfully cultivate Burnupia on a larger scale included the refining of the use of the
large streams Plastic stnps packed into the sumps acted as a successful means of mamntaining water
quality for both the diatoms and the hmpets, via the mcidental growth of a layer of bactena on the
plastic stnps acting as a biofilter Nitrogen and phosphate levels remain low under these circumstances
Visual surveillance indicated the addition of calcium i the form of calcium carbonate mamntamed the
strength of the impet shells, a problem previously encountered Simularly, sodium silicate was added to
the streams for the growth of the diatoms (Section 3 5) The addtional sodium and calcium did not
appear to disrupt the balance between calcium, sodium and magnesium which could have possibly
affected the fecundity in particular. The growth of the penphyton, in particular the species of diatoms
present over ime, was monntored in the streams Results have shown under the given condrtions of light
and dechlorinated tap water, with limpets grazing and therefore affecting the peniphyton storey and
composmtion, that unicelluar and stalked diatoms are successfully grown, with bactena and fungal
spores acting as a further food source. Photographs of the species identified, taken with a Scanning
Electron Microscope, are provided Both the Iterature survey regarding those conditions considered
necessary for the growth of the periphyton, and the vanation in growth of peniphyton seen by the project
researchers under the conditions provided by the University, have all been considered in the designs for
the new laboratory

Compansons by vanous statistical means have revealed that using the morphometnic measurements of
length, wadth and height, three local populations of Burmupia cannot be separated with ease. This 1s
encouraging should 1t be decided in future that further genetic stock 1s necessary for the cultures
Simularly, it confirmed that should test individuals be directly taken from a natural population for
ecotoxicology tnals, all three measurements were necessary to identify the chronic effects of potential
toxicants on the impets
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4. SUMMARY OF RESULTS - INVESTIGATION OF ADENOPHLEBIA
AURICULATA.

4.1 Introduction

Fphemeroptera form a large porhion of the population of nvers and streams world-wide and are an
important link in the food web as they are detritus and algal consumers. The famuly Leptophlebudae had
previously been identified as having species which are sutable for laboratory culture. The famuly 1s
widely distnbuted on southem Africa and most species are large enough for easy of handling
Furthermore the family may prove to be valuable as bio-indicators of water quality condrtions. Previous
investigations had vielded information on the laboratory requirements and life history of the species

Adenophlebia auriculata

4.2 Autecology

4.2.1 Life history.

The hife history styvle of 4 awricuiata m the Palmiet River 1s one of repeated emergences throughout the
year except from nud-winter to early spring There are major emergences ain spring ans summer but
lesser emergences occur between these major events and this makes the analysis of the captured samples
to determune the life cycle extremely complex The life cycle 1s most probably annual or semu-annual n
that it may fall a few weeks short of 52 The energy budget required the nymph to complete this life
cycle 1s between 1800 and 2000 DD A final answer about the hife cvcle wall only be available once a
field reanng expeniment has been done

4.2.2 Population Distribution between biotopes in two Rivers

The distnbution of 4 anriculara amongst biotopes 1s strongly nfluenced by the size of the nymphs

The mnitial distnibution 1s random, with hatchlings occurnng throughout the stream. Subsequently there
15 a redistribution to the optimal ecological biotopes stones-out-of-current and margmal vegetation,
corresponding with the hydraulic biotopes slackwater, backwater and pool This redistnbution occurs m
the small nymphs and 1s erther active or passive. Passive locomotion makes use of current flow and
explains the transient occupation of high current biotopes by small size class nymphs

The optimal conditions for the majority of nymphs of this mayfly appear to be slow currents, large
substrate size and vegetation, and large quantities of detritus. An important feature for the large nymphs
(pre-emergent) 1s that they have surtable structures for emergence This 1s provided in margmnal areas by
vegetation, rock and the bank ntself
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4.3 Laboratory Culture

The mitial success mn 1994 with the artificial fertilisation of eggs had to optinused and a method had to
be developed to produce larger numbers of hatchlings by this method Dr de Bisthoven reared nymphs
In a constant environment room mnside an emergence cage to nvestigate 2 vivo reproduction which did
not occur He also attempted in virro (Al) fertilisation which was unsuccessful Two further tnals on in
virro fertiisation using two additional new methods were attempted and although fertilisation was
achieved no nymphs hatched This has been the greatest disappointment of the project as several

authors have reported success using artificial fertihisation

4.4 Conclusions.

The hife hustory of 4 auriculata makes it sutable nvertebrate for use in toxicological expenment
where field caught specimens are used. The species responds well to laboratory mamntenance and wall
emerge successfully after lengthy rearng The growth rate can be doubled if the diet of detritus and
decayed leaves 1s enhanced with the addition of a protein nch supplement although mortalities may

increase if hygiene 1s not scrupulous

The distnbution of A anriculara amongst biotopes 1s strongly influenced by the size of the nymphs
The mitial distnbution 1s random, with hatchlings occurring throughout the stream Subsequently there
1s a redistnbution to the optimal ecological biotopes stones-out-of-current and margmal vegetation
which are areas with slower current. The redistnbution occurs in the small nymphs and 1s erther active
or passive Passive locomotion makes use of current flow and explains the transient occupation of high
current biotopes by small size class nymphs The optimal conditions for the majority of nvmphs of this
mayfly appear to be slow currents, large substrate size factors which should be considered when
toxicology expennments are designed.

The scale of the nver does not affect the distnbution pattem of the nymphs. In both the Palmet and the
Buffalo Rivers the nymphs are found under the similar conditions except when vastly different current
velocities are found in similar ecological biotopes



S. ACHIEVEMENT OF AIMS

"

]

2)

To conduct experimental and field investigations on the selected test species which wiil
support the information already available

Burnupia stenochorias  Field and associated laboratory studies on the reproduction
Contimaung laboratory studies on growth and feeding

Adenophlebia auriculata  Laboratory studies on artificial fertilizanon. and the
rearing of hatchlings
All the field work was completed as well as some additional nvestigations, due to the
avallabilty of students with an interest in our investigations  All the laboratory work was
accomplished but the results were not always positive However the life history and laboratory
requirements of both species are now fully understood

To test the experimental techmgques so developed at a larger production scale
Some tnals were conducted to sausfy this aim  Additional biolux tubes were installed to test the
sutability of the hght sources for the proposed buildng The data are available for the

calculation of numbers to ensure optimal supply of test animals on an ongoing basis

To invesngate and design features and cosnng for a laboratory dedicated 1o the large-scale
production of the selected species The sutability of various brological filtration systems to
ensure optimal water quality conditions and light conditions for the culture of both the test
species and selected diatom species (periphvton) as feed for the test species. will be
mvestigated

This aim has been fully accomphished The design 1s included in the report and the tnals on
diatom growth are reported in Appendix 3 6 The biofilter systems have been successfully
operational for up to 20 moaths However , the fundraising for the building needs the
undivided attention of a fundraiser for the building to become a reality

Presentations
Haigh, EH and HD Dawies-Coleman, 1997 Presentations by both researchers on the
development of methods for laboratory culture of aquatic invertebrates, including the
success to date with Burnupia stenochorias and Adenophlebia auriculata Zoology
Dept, University of Port Elizabeth
Dawvies-Coleman, HD and EH Hagh, 1997 Life cycle and Growth of Two Natural



Populations of a South African Ancylid, Burnupia stenochorias Poster presentation
by HD Dawies-Coleman, North Amencan Benthological Society 45th Annual Meeting,
San Marcos, Texas, USA
* also presented June 1997 at the SASAQS (South Afnican Society for

Aquatic Scientists) Conference, Munzini, Natal.

3) Haigh, EH and HD Dawies-Coleman, 1997 Investigations into the Reproductive
Biology of Burnupia stenochorias (Mollusca, Ancylidae) Paper presented by EH
Haigh, SASAQS Conference, Munzim, Natal

4) HD Dawies-Coleman, EH Haigh and A Booth®, 1997 Growth Analyses of Natural and
Laboratory-Reared Populations of the Freshwater Limpet Burnupia stenochorias
(Ancvhidae), 1997 Paper presented by HD Dawvies-Coleman, SASAQS Conference,
Munzini, Natal

" Dept. Ichth Fishenes Services, Rhodes Umiv

5) Hagh, EH and B Hunt, 1997 Population Distnbution of the Mayfly Adenophichia
auriculata m Two Eastern Cape Rivers Poster presented by B. Hunt (Zoology Hons),
SASAQS Conference, Mtinzimi, Natal

6) HD Dawvies-Coleman contnibuted to the paper to be presented by Prof K deKok,
Potchefstroom University, as part of a review of freshwater malacological work
currently bemng undertaken in South Afnica, September 1997 Afnican Medical
Malacology Conference, Harare

Proposed publications
As this project (K5/755) will be completed in December 1997, we submit a hist of papers in
preparation  These papers are to be submutted to vanous joumnals, both national and imtemational, from
November 1997 Their titles may change on final submission to the chosen joumal

Burnupia stenochorias

1) The breeding biology and fecundity of Burmupia stenochornias (Pulmonata, Ancyhdae)

2) The embryology of Burmupia stenochorias. Melwill and Ponsonby (Mollusca,
Pulmonata, Ancyhdae).

3) Life cycle and growth of two natural populations of a South Afnican freshwater impet,
Burnupra stenochorias (Pulmonata, Ancyhdae)

1) The effects of density and temperature on the growth rate and mortality of a freshwater
limpet, Burnupia stenochorias (Pulmonata, Ancyhdae)



5) The effects of diet on growth and montalty of Burnupia stenochortas (Mollusca,

Pulmonata, Ancyhidae) in the laboratory
* co-authored with A Booth

6) The effects of container size on the growth and survivership of Burnupia stenochorias
(Basommatophora, Ancyhdae) when cultured in the laboratory

) Sexual development of Burnupia stenochorias, Melvill and Ponsonby (Mollusca,
Basommatophora, Ancyhdae)

8) Early colomsation of bare surfaces by epilithic diatoms in artificial streams, and the
impact of grazing impets (Burnupia stenochorias, Ancyhdae) on the diatom
assemblage * co-authored with M Balann, 1998

Adenophlebia auriculata

9) The effect of different diets on the growth of Adenophlebia auriculata
(Ephemeroptera, Leptophlebudae) in the laboratory

10)  The effect of temperature on nstar penod and mortalty of Adenophlichia aunicnlara

1)

12)

(Ephemeroptera, Leptophlebndae)
Population distnbution of nymphs of Adenophlehia auriculata (Ephemeroptera,
Adenophlebia) in two Eastern Cape nivers

* co-authored with Bnan Hunt (Honours student, Zoology)
Life history of Adenophichia auriculara (Ephemeroptera, Adenophlebia) in a small
Eastern Cape nver
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CHAPTER 1.
OBJECTIVES AND BACKGROUND

L1 INTRODUCTION AND PROJECT RESEARCH OBJECTIVES

Water 1s Life
The Department of Water Affairs and Forestry, as custodian of the water resources of South Afnca,
must manage both water quantity and quality to ensure sustamable development in South Africa One of
the prime aspects of protection of this scarce resource, which 1s now recogmised as a national asset, must
be through ensunng that the correct water quality for use 1s mamntained. Quality assurance, which 1s
resource directed, entails inter alia. the establishment of guidelines for water quality for the natural
environment  The setting of these guidelines involves both the reviewing of established guidelines from
around the world (Kempster ¢/ @/ 1980), and expenmental investigation of those suitable for mmdigenous
niverne organisms (Palmer ¢f a/ 1996) Both the Artificial Stream Project and the Standard Laboratory
Organmisms Project (WRC Projects K4/475 and K5/545) were mitiated to satisfy this need In the
Aruficial Stream Laboratory at Rhodes University, which 1s now operational, toxicological work s
undertaken which requires a steady supply of mdigenous macro mvertebrates as test subjects  This has
emphasised that if this facility in which a large nvestment has been made, 1s to function adequately, the
potential bottleneck of an nadequate supply of test ammals should be avorded Therefore, a building
dedicated to the breeding and reaning of the selected invertebrate species 1s essential This facility will
ensure an uninterrupted supply of test orgamisms of known qualty and ongn for ecotoxicology research

Untal the building 15 a reality the test ammals must be collected from local nvers Little mformation 1s
available concerming the life hustory, biology and ecological role of southern African aquatic
invertebrates and the previous project has contnbuted towards augmenting this knowledge This has
enabled rescarchers to make mformed decisions about collecting times and the potential availlability of
amimals of the best size and stage of development In addmion, the impact of proposed environmental
change cannot be accurately predicted unless information of this type 1s available  The understanding of
the physiology and functioning of test animals under natural conditions 1s needed if results of functional
umpairment due to contanmunants and toxins are to be accurately assessed

Duning the standard laboratory organisms project, invertebrates ranging from mayflies to crabs and
flatworms were screened and several species were selected as candidates sutable for laboratory
cultivation  Two species, Burnupia stenochorias, a hmpet, and Adenophlebia auriculata, a mayfly,
were chosen for n-depth nvestigation (Haigh and Davies-Coleman 1997)

Research on the hmpet had largely been confined to replicated expenments investigating the effect of
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vanables such as temperature, density, hydraulic conditions and vanous handling techniques on growth
and survival. The embryology and fecundity had been investigated and we had a fairly good
understanding of the laboratory requirements of the hmpet Six months of field investigations to establish
the breeding biology, had been conducted at the outset of this project we believed that to understand the
environmental cues which dnive the reproductive biology

A field study, to attempt to understand the population dynamucs of the mayfly, had been conducted which
had resulted n a good understanding of the ecology of this species However, a further six months of
data collection was needed to complete two scasonal cycles A number of laboratory expeniments had
been completed to ascertain responses to hydraulic as well as food and temperature vanables Iniial
expeniments on the methods for artificial fertihsation of eggs were done as we were unable to induce the
mating of the mayfhies in the laboratory Cues for this behaviour are poorly understood at present  The
aruficial fertilization work required further detailed experimental investigation to optimuse the technique
and establish methods for large scale reanng of hatchlings

Optimal feed provision for a laboratory population 1s always a major part of the development of an
aquaculture project  Literature surveys have revealed peniphyton to be a suntable feed The cultivation
of peniphyton had been on a tnal and error basis but optimal growth conditions, particularly water
quality, needed to be investigated expenmentally This information was felt to be a prerequisite i the
designing of a production laboratory

Furthermore, the long term effect of contammants on the physiolegy of the test species can only be
critically evaluated if information 1s available on baseline responses under normal and optimal laboratory
conditions Information gained from the biological investigations to determmne optimal maintenance and
reaning conditions, therefore, have a wider application  The expertise being developed in this and dunng
the earhier project can be applied to other areas of environmental management such as the rehabiltation
of damaged nvers and streams

1.2 AIMS OF THE PROPOSED PROJECT
1.2 1 To conduct expenmental and field investigations on the selected test species which wall support the
mnformation already available
Burmmupia stenochonias. Field and associated laboratory studies on the reproduction. Continuing
laboratory studies on growth and feeding
Adenophlebia auriculata. Laboratory studies on artificial fertihzation, and the reaning of
hatchlings



1 2 2 To test the expenimental techniques so developed at a larger production scale

1 2 3 To mvestigate and design features and costing for a laboratory dedicated to the large-scale
production of the selected species The surtability of vanous biological filtration systems to ensure
optimal water quality conditions and light conditions for the culture of both the test species and selected
diatom species (periphyton) as feed for the test species, will be nvestigated

1.3 TARGETS
Gantt chart
TASKS 1996 1997
1 2 3 - | 2 3 4
Burnupia. Field work ¢ ¢
Expenmental reanng in streams ‘ e ‘ ¢ ¢
Expenimental reanng in pots s ¢ g s v
Establishment of breeding cucs . ¢ s
Sectioming . . .
Expernimental anacsthesia ¢ *
Adenophlebia, Freld work - s
Artficial ferulisaton ¢ . .
Establishment of breeding cues ¢ . s
Reanng expenments ® ® ¢ ¢
DIATOM Expenments and identification ¢ . .
Supervision of student projects ¢ .
Collecting for ecotox * . . . e . ¢ .
mhgs d m“s . . - - .
Repom - . . .
Publications ‘ ¢ » e .
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1.4 BACKGROUND TO PROJECT: Summary of previous project conclusions.

Burnupia stenochorias

Although a substantial body of information had already been obtained by the end of 1995 certam areas
of mvestigation was incomplete and we realised that another years of expenential work would yeld
nformation which would potentiate the work done already The field investigation into the reproductive
biology of the limpet which had been gomng on for six months needed a full cycle of seasons for
interpretable results A second large group of adult was discovered m a pnstine nver and afforded the



opportunity for a comparative rearing and feeding expenment as well as a subsequent expeniment using
the laboratory reared adults to venfy the fecundity questionable values obtained in 1994 Field collected
individuals of known age and size still had to be sectioned to determune the onset of sexual matunty
under natural conditions. This would augment information on reproduction gamed from laboratory work
The analysis and interpretation of the results was completed in August and papers are beng prepared for
submussion to jourmnals

Adenophlebia auriculata

The field investigation of this species in the Palmuer River needed six more months of data collection for
the observations to have been carned on for a full two year cycle. The artficial fertilisation had only
been accomplished once and additional work to standardise the method and on the reanng of the
hatchlings would hopefully yield a useful result

Development of the rearing facility

Some of the major constramnts n optimising the culture of the invertebrate have been due to the lack of a
surtable facility with good quality water on tap and the correct hight qualty to grow diatoms and algae
for food The design of a dedicated facility should consider the following aspects

a) type of structure m terms of sutability and cost effectiveness
b) cost effective ways of thermal control,
c) hght requirements for good penphyton cultivation and the ability to vary day-length, should this

prove to be an important cue in controlling the reproductive behaviour in the hmpets,
d) water quality control both in adjusting municipal water to the needs of the vanous species as
well as in the control of pathogens and metabolic byproducts.
A fund-raiser will have to be engaged to obtain funding for the building project as the project staff do not
have time do engage n this type of activity

Fmally the large volume of data generated duning the course of the previous project warrant publication
and time made available to the rescarchers would enable then to achieve this



CHAPTER 2.
DEVELOPMENT OF BUILDING PLANS

2.1 THE PURPOSE AND REQUIREMENTS OF THE BUILDING.

The burlding for which funds are beng raised wall have a twofold purpose, that of rearmg nverne

invertebrates as test ammals, and as an expenmental test laboratory, with three operational areas as

follows

| A breeding and rearing area, divided nto an area with recirculating streams (3M x 0 4M) and tanks
(5-251) in which algae will be cultivated and the amimals will be reared and an adjacent small
cool room with smaller streams (1 5 x 0 25M)

2 Two offices and a storeroom n the central part of the building with computer facilities, filing
systems and kitchen / ablution facilities

3 A toxicology laboratory which 1s air<condmioned of a similar size to the reanng room, with shelving
and work benches

Description of the building

Breeding and rearing rooms

The largest area should be devoted to breeding and reanng invertebrates, housing both recirculating
channels, and plastic buckets and baths with water aerated from a central compressor The hatchlings
will be reared in these contamners which wall be placed on benches under the window Once the hmpet
juveniles reach a size of 2-3mm, they wall be transferred to independent recirculaung streams (3m x

0 4m), made from 400mm PVC industnal pipe which is halved both in length and width The sumps of
these channels will contain a bio-filter of plastic strands, and a submersible aquarium pump recirculating
the water One of these channels will be reserved exclusively for the cultivation of diatoms on plastic
sheeting and tiles, as a food supply

Adjacent to the breeding and reaning room will be a smaller cool room i which the amimals which have
reached an optimum size for expenmental research will be stored in smaller streams (1 Sm x 0 25m)
These orgamisms are mamntamed at an optimal size by lowering the room temperature, which wall have
the effect of retarding thewr growth rate

Office / laboratories
The building must have two office / laboratones, one adjacent to the breeding / reaning area, and the
other adjomed to the toxicology laboratory. Both offices will house analytical equipment and computing
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facilties, which require sufficient bench and cupboard space

The office of the breeding / rearing section must be well insulated to exclude the high moisture air from
the breeding area, and will house a microscope, fndge and telephone  The office of the ecotoxicology
section must have a lockable cupboard for the storage of chemicals, a window in the north wall, and
shelves against the walls for storing equipment

Store room / sluice room

A store room / sluice room 1s needed in which to clean, stenhize and store equipment A small gevser or
solar heater 1s therefore needed to supply hot water Chemucals wall not be used for cleaning, as this
could introduce contamunation into the breeding area A lavatory and hand basin 1s also needed

Ecotoxicology laboratory
The toxicology laboratory must be completely separate from the breeding section to prevent
contamunation  The room must be air-conditioned to mamtan a temperature of 20°C during toxicity
expeniments, and must have biolux hghting operating on a imer. Requirements include
(1) a double door i the cast wall,
(11) a deep double stamless steel washbasin with draining rack against the east wall next to the
door,
(1) benches around both the northern and southern walls with sufficient plug points,
(1v) shelves for storing equipment above the benches, and against the wall adjacent to the office /
laboratory area, and
(v) a window with reflective roller-blinds n the north wall. A 4 000 Iitre ram tank will be
housed on a concrete base outside the double door for waste storage

Specifications for the laboratories
The following details give specific requirements deemed necessary m a successful mvertebrate breeding
facilnty

The thermal stability of the building wall be important and attempts will be made to achieve this without
hawving to resort to the extensive use of expensive electrical cooling. Firstly, the cavity walls and roof
space will insulated Secondly, fast-growing deciduous trees will be planted at strategic positions to
provide shade and addmional cooling in summer The proposed building should be sited adjacent to the
new hatchery and the present Aruficial Stream Laboratory at the Department of Ichthyology and



Fishenes Science, Rhodes University The overall size 1s 25M x 6 SM with a pitched roof

Light provision

The basic food for most invertebrates 1s a complex of umcellular diatoms, algae and bactena which grow
on substrates in streams The correct hight for growing algae 1s close to natural hight In addition to large,
shuttered window spaces in the reanng room, some artificial hght from biolux tubes which provides the
correct wave lengths for algal growth wall be needed  Lighting control should be automated

Water supply and removal / recirculation of waste water

Good quality ‘naturalised’ water from a S000 Intre sunken water reservoir should be delivered to the
recirculating units from a header tank in the roof by gravity feed Bio-filtration should take place at the
channels, but an ultraviolet stenhizer should be nstalled at the outlet of the header tank The water pipe
mto the building must be mounted on the surface of the wall on brackets, with taps at 1 75 metre
ntervals along both walls of the rearing room. The floor should be of high density sealed cement, sloping
to central drainage channel down the centre of the entire building to carry any spillages out of the
buillding This channel will voud erther into the reservoir via a sand filtration sump from the breeding
laboratory or wall retum waste water to a tank outside the toxicology laboratory  Adequate provision
must be made for waste water disposal through exit channels into the municipal drainage Polluted waste
water from the ecotoxicology laboratory wall dran directly from each channel nto the outside storage
tank from which it can then be diluted and dramned in to the municipal dramnage svstem or disposed of by

a contractor

Electrical supply

The electnic winng of the entire building should be chased  All plugs must be waterproofed and above
the level of the water pipes.  As many of the systems in both the reanng and ecotoxicology laboratones
will be recirculating and run off aquanum pumps, plug ponts will be needed at | 75 metre intervals
Provision should be made for a stand-by power source and / or an alarm to alert staff of power cuts

Temperature control

The building must have efficient roof nsulation and roof extractors (whirhigigs), as well as insulated
cavity walls  The breeding area will be divided into two sections, one at ambient with the option of
warmung the water in the header tank, and the other (cool room for amimal maintenance) at between 15
and 18°C It may be possible to reduce the temperature below 15°C by installing a large air conditioner
and cooling coils i a separate header tank used specifically by the cool room Vanous options will be



mvestigated The toxicology laboratory must be cooled to a standard 20°C

Ducted air
The breeding laboratory requires ducted air for the aeration of water This can be supplhed from a
compressor already on the premuses  Air pipes should be exposed on the walls

Prevention of contamination
Contamination into the breeding area wall be prevented by the following
(1) Each recirculating system must be a separate unit to prevent contammation from spreading
through the laboratory
(n) there should be no direct access between the toxicology laboratory and the breeding area to
prevent potential contamunation
(u1) an ultra-wviolet stenlising unit in the water supply to ensure removal of pathogens, and (1v)
hot water available in the sluice room for washing and stenhzing equipment



2.2 TABLE OF ESTIMATED COSTS:

Building - 163m" @ R1 500/m* R 262 500 00
Equipping the building - with coolroom R 104 582 00
Faumppmng the building - with airconditioners R 7058200
Fquipment Unit cost . Cost |
Water supply l
Filtration sump to handle £ 200 litres / day w000 |
25mm piping for inflow $5m R3O0 x 55 ; 165 (0 |
‘
25mm clbows (10) R40O X 10 § 40 00
25mm T junctions (10) RIS0Ox 10 E 150 00
25mm Taps (20) R90.00 x 20 ; 1 800 00 ’
Onerhead tank ; i
+ 1500 lures (40cm channels) i [
|+ 500 litres (25cm channels) § i
+ 250 litres (baths) i i
Total capacity = 2230 lures (10% = 225 lhtres) 33000
(D200 of D250) '
Water tank (Thunvac SO00 lutres) :: 2 000 00 |
. Submersible pump Iift + 3m E 600 00 |
» - S - s.bm 710800 |
- Channels *
! 8 Channels (capacity 130 litres) 2x6x04dm @ R260.00/m E {
1 3 m in length - PVC Industnal piping +VAT | 155700
| 6 Sumps (capacity 150 litres) §
E 10 pumps @ R300.00 § 3 000 00
i 30 x 25mm hosepipe § :
| 10 plasuc baths (25 hires) i
20 x 5 litre plastic buckets . |
‘ Subtotal | 967700 |




Sub totals carried forward : 16 782 00
|
Unit cost equipment ' COST
Sub totals brought forward | 16 782 00
Office equipment
Lockable cupboard P e
2 tables on rollers @ R700.00 { 140000
4 chars (R350 00 or R450.00) i 1 600 00
2 filing cabincts a R600 00 E 120000
2 Computers ; 11 000 00
Printer L 200000
| Fdge L 200000
% Basic stercoscopic microscope ; 2 000 00 '
| Merck Spectroquant é 20 (00 00

Sub total i 41 S00.00

[ Cool room

' Installation of cool room inside existing building 40 000,00
plus condenser and compressor (5000 x 3000 x
23000)
Arr-conditioned (for accedes lab) - 1 unnt 46 000 00

’ —_—

Sub total | 46 000 00

f TOTAL | 103 582 00

TOTAL COST FOR BUILDING (1997) R333 082 00 < 370 082 00
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CHAPTER 3.
THE INVESTIGATION OF THE FRESHWATER LIMPET
BURNUPIA STENOCHORIAS MELVIL & PONSONBY

3.1 INTRODUCTION

Manipulation of Burnupia populations i the laboratory could be considered one of the fundamental issues
to be addressed i the effective laboratory culture Branch (1974) suggests that the productivity of any
species and its population structure can only be determined with a knowledge of growth rates, age
structure, longevity and mortality rates Chant (1963, p vi1) too, says "The ecology of (pest) populations
should be studied to gain understanding of the dynamucs of the populations in the hope that its mechamisms
may be revealed We hope this wall enable us to manipulate the populations and ability to manpulate
surely 1s the aim of all attempts to control animal populations” Both the reference to the ecology, and the
productivity in nature of any species applies to mamntaining cultures i laboratory conditions

There are many wayvs in which growth estimates have been made either on marnne or freshwater impets
These mclude penodic measurements of labelled indivaduals, checks in growth produced by known changes
of environmental conditions (Vahl, 1971), animal growth nngs where microgrowth band analysis vields
data on both growth and age of the limpet (Picken, 1980), and mean shell lengths of cohorts (Ekaratne and
Cnisp, 1982, Cnisp e @/, 1990) Aquacultunists typically use one of three measures when reporting growth
absolute growth rate, relative growth rate, and specific growth rate Less frequently, von Bertalanffy
Growth Functions are used Each of these 1s a numenical representation of growth which can be used for
varnous purposes including 1) statistical evaluation of the effects of various treatments on growth, n)
presentation of growth data in a standard format which allows expenmenters to compare growth in different
expenments, and m) providing the basis for management decisions (¢ g estimating how long it wall take for
a himpet to reach maturnity) (Hopkins, 1902)

No growth studies have been made of any of the Ancyhidae in southem Africa Growth has, however, been
studied extensively for three species in northem hemusphere temperate regions 4 Muvianlis from Great
Britan (Geldiay, 1956, Hunter, 1953 1961), Ferrissia rivadaris (Burky, 1971, Nickerson, 1972) and
Laevapex fusens (McMahon, 1975) both from the USA Simular in-depth studies have been made on each of
three populations of the more tropical Texan species Hebetancvius excentricus and Laevapex fuscus

(Burky, 1971)

Freshwater snails present great intraspecific vanation i hfe history patterns (Calow, 1978, Brown, 1985),
and this plasticity has been considered to be of fundamental selective value n their evolution (Russel-
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1985), and thus plasticity has been considered to be of fundamental selective value m their evolution
(Russel-Hunter, 1961) Despite the difficulty in identifving Burnupia to species level (Brown, 1994) and
the fact that additional species have been known to occur sympatnically within the freshwater Mollusca
(e g Elimia species as descnbed by Huryn er al, 1994), it was presumed mn these studies that all
individuals were the same species.

Any sampling method will cause a disturbance of the system, which in ntself wall affect the measurements
that are being taken The growth of Burmupia has already been shown 1o be negatively affected by
disturbance (Haigh and Davies-Coleman, 1995), and, as a rule, the more ngorous the measurements the
greater the disturbance and the less likely the results are to apply to a natural system (O'Keeffe, 1982)
The methods to determine growth in this project were aimed at providing a spectrum of data, from field
(in which there was no control of the environment and measurements were of natural populations), to
enclosed ficld studies (where some control was provided but under almost natural condrtions), to
laboratory studies (in which the inputs were ngorously controlled and actual growth rates of the same
small populations of limpets were obtamed)

3.2 NATURAL POPULATIONS

3.2.1 FIELD STUDIES
Introduction
Population studies allow mvestigation of those factors which mfluence the development, growth and
mortality of the subject Life-cycle data are needed for the efficient culture of the limpet i the laboratory
Questions about the longevity, seasonal growth rate, mortality rates under natural conditions require
answers and compansons with result from other species by authors such as Calow, (1978) should be
made to determune the effect of geographic area and chmate Natural responses must be compared to
laboratory reponses i order to determine the efficacy of culture methods

The study of growth essentially means the determiation of the body size as a function of age (Sparre ef
al, 1993) The growth of a hmpet 1s continuous until death, although varying between populations
accordng to non-genetic ecophenotypic environmental mfluences, and in particular varymng from habnat
productivity (Russel-Hunter, 1961, Byme ¢r al, 1989, Caquet, 1993) Shell length (the greatest dimension
along the antenor-postenior axis) 1s considered an adequate means of representing growth and age in any
limpet, and in particular Burnupia (representing the Ancylhidae), because it possesses a shell which
undergoes no metamorphosis or change in differential gradient i growth throughout it's hife cycle, unhke
e g Patellidae where the larval shell grows as a coil and the adult as a cone (Russel-Hunter, 1953)
Netther 1s the hife cycle of Burnupia represented by different phases or larval forms of distinctly different

morphology, so that any study of its growth from hatching to death can, from a morphological
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perspective, be easily accomplhished

Direct ageing techmiques are not currently available for either Burnupia, or any other Gastropod (Vermesy,
1980) Vanous methods of length frequency distnbution analysis (LFDA) have been developed to
determine growth parameters for animals whose age cannot easily be determined, and although these were
mmtaally developed for fish, Longhurst and Pauly (1987) showed that many of the techniques can be
applied to invertebrates without modification It 1s very easy to collect large, unbiased samples of length
frequency distnbutions, leading to the conclusion that a field survey would be the most feasible means of
determming growth over a vear, and hifespan and mortalnty rates of any one cohort A "cohort” is defined
by the Oxford Reference Dictionary (1986) as having a common statistical charactenstic In the case of
the hmpets, it 15 a group of limpets all of the same age belonging to the same stock The cohort 1s said to
demonstrate two major elements in its dynamics, pnmanly, the average growth in body length and weight,
but also the death process (Sparre ef al, 1993) Figure 3 2 1 | shows the theoretical relationship between
changes in body length and numbers of mdividuals (Calow 1978) All of the individuals in one cohort are
presumed to be the same age at any given time so that they all attain the "recruitment age” at the same
time  Recruitment can be considered the age at which the limpets are seen and counted 1n any survey,
theoretically demonstrated by "Al" m Figure 32 1 |

Length frequencies were obtamned regularly over a 52 week penod from two natural populations in a
stream close to, and having its headwaters in, Grahamstown, Eastern Cape  Using vanous mathematical
means (manly based on the ELEFAN programme [Pauly and Dawvid, 1981]) a number of basic hife
history facts were elucidated, namely that major recrutment in the form of egg laying occurs in the
sprning penod but that eggs are laid all year round, an average cohort can hive from 18 to 24 months, if the
limpets reach the maximum size, growth rates vary at different times of the year, pnmanly with winter
and summer phases. and growth performance indices were calculated, which can be compared to those for
laboratory cultures
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Figure 3.2.1.1 The dynamucs of a cohort (Reproduced with permussion from
Calow 1978)

Method

1. Site

A prelimmary investigation was carned out at two sites along the Bloukrans River in January 1995 to
investigate the possibility of measuring populations of impets from week to week at the same site,
without disturbance Site (1) 1s called Belmont River (BR) and site (2), Manley Flats (MF) Daily
measurements were taken of all impets on vanous sized rocks to determme the daily recrutment or loss
(are these amimals sessile, as suspected”), the sizes and distnbution of rocks on which the hmpets were
found. and the approximate number per rock
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2. Sampling

(a) Very Iittle, if any, movement onto or from the rocks was found, and consequently the method of
sampling was chosen as follows The inmial selection of rocks was made based on their having large
numbers of himpets to measure, the first rock bemng randomly chosen within the stream with others a fixed
distance from it, thereafter the same rocks were used where possible This 1s the method recommended by
Gardefors and Orrhage (1968) for benthic faunas, and was mamntamned throughout 1he time of day when
sampling occurred was always the same Each rock was removed from the nver and all impets measured
without disturbing them m any way before being replaced mto the nver, continung with rocks until a
munimum of 300 hmpets was reached (this number included any egg capsules present) The longest
penmeter of each rock was measured in order to calculate the surface area of the rock

(b) Shell lengths were measured fortmghtly at from February 1995 to March 1996 Class intervals were

at 0,5mm intervals using a home-made template

3. Environmental data

Total Dissolved Salts (TDS), and pH were measured at the time of sampling using MO0 hand-held

probes. Some fortnightly maximum and munimum water temperatures were measured at Manley Flats
with a mercury thermometer tied to vegetation in the stream. thermometers at the Belmont River site were
continually washed away or stolen Temperatures at the time of samphing were noted  An Otz flow meter
was used to measure flow rate (m/sec) Detailed water chemustry was not undertaken due to tume
constramts, despite the knowledge that the availability of calcium, for example, can be a major component
affecting the growth of freshwater molluscs (McMahon, 1983) Day length data was obtained from the
Port Elizabeth Meteorological Department, and air temperatures from the Grahamstown Weather Station
mantamed by the Geography Department, Rhodes University

4. Analysis
The data analyses followed a sequence as follows
(a) Histograms

Time of egg-laying and numbers of egg capsules laid at each site were determined using size-frequency
histograms of all data collected over the 52 week penod

(b) Probability Paper Method

A very common method of differentiating cohorts from each other 1s with the probability paper method of
Harding (1949) (further developed by Cassie, 1954) Any group of observed length frequency data
(LFD) wall fall into a normal distnibution, and Harding’s method relies on the fact that it 1s difficult to
assess by visual inspection whether points within a set of length-frequency data conform to a bell-shaped
or a sigmond curve The probabilty paper method is a graphical means of constructing an easy-to-read
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straight line showng the cumulated frequency distnbution, with a mixture of several normal distnbutions
providing a more complex line with inflexions (Sparre ef al, 1989) However, aithough polymodal curves
are generally not considered difficult to analyse, nt was found with this data set that the component
populations had considerable overlap, and a more refined method of analysis was necessary
(c) FiSAT package
Using the package FISAT, an FAO stock assessment tool by Gavanilo, Sparre and Pauly (1996), the
duration of life cycle, estimation of growth parameters both with and without seasonal oscillations, and
age were all determmed  All methods of analysis of growth were based on the mathematical model
developed by von Bertalanffy (1934) called the Von Bertalanffy Growth Equation (VBGE), represented
by the equation

L= L1 - exp(-x(tt,))
where L, 1s the length at ime t (mm), L_ 15 the asymptotic length (mean length of oldest mdiaduals) in mm,
x is the exponential rate at which length approaches the asymptotic length (per year) and t, 1s the age at
length 0 (years) Biologically, t, has no sigmificance as it is present purely as a result of the mathematical
modelling procedure (Ricker, 1975) Growth is considered to start at the ime of hatching and not at the value
Omm.

(1) Modal Class Progression Analysis
The first main step taken within the FISAT package was to attempt to translate the LFD mnto age scales,
using Modal Class Progression Analysis (MCPA) FiSAT provides two means by which this can be
done, the Bhattacharya's method (BHATTA) and the NORMSEP method The results produced by the
BHATTA and NORMSEP methods were statistically unacceptable, according to the chi squared test, for
each sample date for both the MF and the BR length-frequency data, and thus further analysis was
necessary
(n) ELEFAN |
CGrowth parameters
The second major step taken within the FISAT package was to use the ELEFAN 1 programme
(Electronic Length Frequency Analysis) to estimate the growth parameters from length-at-age-data
ELEFAN |15 an altemative to the above-mentioned MCPA methods and 1s a BASIC programme (Pauly
and Dawid, 1981, Pauly, 1988) which incorporates the "tracing” of growth curves through length-
frequency samples sequentially arranged in time. Steps within the programme are as follows
1) It intsally restructures the length-frequency samples such that small, clearly identifiable peaks are
attnbuted a number of ponts
2) It calculates the maximum sum of pomts “available” in a set of length-frequency samples ("available”
refers to pomnts which can possibly be accumulated by one single growth curve) This sum s
termed “Available Sum of Peaks” (ASP)

18



3) It traces through the set of length-frequency samples sequentially arranged in tume, for any arbitrary seed
mnput of L_ and x, a senes of growth curves started from the base of each of the peaks, and
projected forwards and backwards m time to meet all other samples of the same set

4) It accumulates the pomts obtamed by each growth curve when passing through peaks (postive ponts) or
through the troughs separating peaks (negative ponts)

51 It selects the curve which, by pacang through most peaks and avosding most roughs, best explains the
peaks i the set of samples and therefore accumulates the largest number of points This new sum
1s called the "Explamed Sum of Peaks” (ESP)

6) It decrements or increments the seeded values of L. and x until the ratio ESP/ASP (called the Rn value)
reaches a maximum, and gives the growth parameters corresponding to this optimum ratio This
Rn value 1s used to determine the best fit of the LFD, and replaces the SI value used in the
BHATTA and NORMSEP methods (Pauly and Dawd, 1981)

The opportunity 15 available within the ELEFAN programme to use the Seasonalised VBGE, which 15 the
usual VBGE but with an extra term (Pitcher and MacDonald, 1973, Cloem and Nichols, 1978, Pauly and
Gaschutz, 1979)

L = L. (1 - exp(-x(t - £ )«(Cx 2I1) sin( 2[1(2-1.))))
This extra term produces seasonal oscillations of the growth rate by changing t, during the vear The
parameter "t,” 1s called the “summer pont” and takes the value between 0 and | At the time of the year
when the fraction t, of the year has elapsed, the growth rate 1s highest At time t, =t, = 0 5, the "wnter
pont”, the growth rate 1s lowest The parameter C, the "amplitude”, also usually takes values between 0
and | If C = 0 (which imples no seasonality of the growth rate) the seasonalised VBGE 1s reduced to the
ordinary VBGE The higher the value of C the more pronounced the seasonal oscillations If C = 1, the
growth rate becomes zero at the winter point The procedure involved in determining seasonality
charactenstics results in not just two parameters (L. and x) but 4 parameters (L_. x, WP and C) These
were obtained for both the MF and the BR sites

In order to compare the growth rates between the winter and the non-winter phases of the two sites, the
ndividual growth parameters cannot be compared, but instead the resulting growth curves were compared
Based on the VBGE, where t, = 0, and t (ime) was given a daily value, the growth curves were drawn,
giving estimated daily lengths

Phi Prime Test
A second test to compare sites 1s the so-called "phi prime test” (Munro and Pauly, 1983, Pauly and Munro,
1984), a statistic which rehies on the inverse correlation and relationship between L. and x, and which 1s
known as Pauly’s growth performance mdex (@)
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@'(phipnme) =Inx + 2 L.

Maximum length
Lastly, based on Wetherall (1986), ELEFAN provides a means of predicting the maximum length, with
confidence mntervals provided at 95% probabilty where the lower limat 1s less than the observed maximum
length In determining the growth parameters, both the observed and the predicted maxamum lengths were
used and compared to each other, for seasonal and non-seasonal growth rates

Results

Site details

It was found that the BR snte has a contmual annual flow of water, fed pnmanly by the run-off from
Grahamstown City and its immediately surrounding areas The treated sewage waters of the crty which
flow into the nver particularly ensure the continual flow dunng times of no ranfall The Bloukrans River
flows through a senes of wewrs and dams, and 1s bound by natural vegetation until it reaches the MF site
approximately Tkms downstream

No limpets were found on the sandy parts of the niver bed, and only a very few on the vegetation growing at
the edge of the nver. The vast majorty were distnbuted i a contiguous manner on the submerged stones
and rocks Calow (1974) orgamised his stones into classes according to their length, and on the basis of
this, the stones on which limpets were found at both snes fell into all classes (namely very small of length
0-5cm, to very large of length 21-25¢cm). Calow (1974) found with A fluviarilis, however, that the snails
were absent from stones of length less than 6cm. This was not the case with Burnupia, personal
observations of which revealed the smallest of pebbles (1, 5cm in length) to be occupied by limpets.
Simularly with Burnupia, there seemed to be no preference for any aspect of the stone. No limpets were
ever found on an exposed, dry surface either on stones or vegetation. Egg capsules were found on surfaces
that could be considered the underside aspects of the stones  Although not numencally analysed, the
majority were on the bottom of the stones, many on the sides and a number were also present on the
underside of those surfaces that erther formed part of the stone that jutted out in a honzontal plane (from
3mm or more), or that were part of indentations m the stone

At the MF site, approximately four rocks consistently had sufficient numbers of limpets for analysis
throughout the year, and these rocks varied little from each other in size compared to those sampled at BR
(Table 3.2.1.1) Surface area (S A ) of the rocks can be approximated according to the equation set out by
Calow (1972), where
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SA =222(x026)x, and x = longest penmeter
In this study it was decided that sampling need not prowvide absolute densities. Although these would be of
some mterest, they would be difficult to compare considening the heterogenerty i the nver, particularly
with regard to the size of the rocks and the consequent vanability in hmpet distnbution The depths of
stones and rocks vaned, depending on the flow rate, as seen m Table 3.2.1 |

Table 3 2 1. 1 Dimensions (cm) of the rocks used in sampling hmpets  Numbers in brackets indicate range

Sute Average Av surface area  Av no used at Av depth of stones
perimeter sampling

Belmont River 37(17-90) 82,14 10,8 (3-27) 28 (12-40)

Manlev Flats 44 (30-76) 97,65 3.7(2-7) 16 (9-30)

Table 3 2 1 2 Recorded environmental data for MF and BR  "t" values reveal results of companson
between the two sites ~ significantly different (p < 0 001)

MF Bel R
Max Mmn Avg Max Mmn Avg t test
Flow rates (m/s) 0283 0006 0165 0815 0084 0375 -49502°
TDS 842 38§ 508 723 264 550 -1 3207
pH 876 S 66 698 825 616 691 -1 800
Recorded Temp °C 22.3 05 150 23 QS 16 4 1 2039

Environmental data

Graphs of flow rates, temperature, pH and TDS are shown in Figures 3 2.1 2 and 3 2 1 3, with maximums,
mummums and averages shown in Table 32 12 One sample "t" tests on STATGRAPHICS 5 0 revealed
no significant differences between MF and BR with regard to recorded temperatures, pH and TDS, but a
significant difference (see Table 3 2 1 2) between flow rates

Although temperatures were monitored at fortmightly intervals, such data 1s considered to have Iittle value,
mamnly because of the large diel fluctuations of temperature which can occur m streams and nvers (Cnisp,
1990) However, Eckel and Reuter (1950) and Fry and Watt (1957) all state that small streams warm up
and reach a pomt of equilibnum i quite short distances from their sources, and that the average
temperature 1s not greatly different from that of the air In the light of this 1t 1s not surpnsing that a
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Figure 3.2.1 2). Multiple regressions of recorded temperature versus minimum and maximum air
temperatures did not correlate, and 1t can be concluded, therefore, that although the recorded temperatures
measured here give a general indication of the seasonal temperature cycle, they cannot be used to estimate
the average daily temperatures at the two sites

When maximum/mimimum thermometers are read every two weeks to estimate average daily temperature, t
has been successful within 0,5°C, when compared to daily maximum and minimum temperature and
thermograph readings (Macan, 1958) However, this would have to be over a penod of at least 26 weeks,
according to Macan (1958), collection of sufficient data from MF was not possible, so that these readings

cannot be used to estimate the average daily temperatures of the two sites
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Figure 3 2 1 2 Temperature “C (top) and Flow rate m/sec (bottom) measured at the Manley Flats and
Belmont River sites dunng from 7.3 199510 13 3 1996
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Measurements of limpets

Figures 3.2 1 4t0 3.2 1 11 reveal the number of impets and egg capsules found at each sample date at
thetwo sites. The total number sampled at each sample date vanes between 220 and 450 hmpets, and the
differences in these numbers necessitated, m the graphs, the use of percentages of each sample A clear
progression can be seen i the makeup of each population through the year, with a peak egg laying penod
beginning i August (post-winter), continuming until mud November (MF) or the end of January (BR). At
this ime, the number of adults larger than 2.5 mm n length decreases substantially in number while large
numbers of hatched impets form the majonty of the limpets present. Although these presumably grow in
length, increasing the average shell length, mortality decreases their numbers until the winter phase from
approximately May, when fewer, large impets overwinter

Eggs capsules were laid on the sides or bottom of the rocks, or on the underside of any protruding ledge on
the rougher rocks that was large enough to hold a capsule (1.5 - 2mm diameter). Eggs were laid all year
round at both sites, but with an obvious substantial peak begmning in August (post winter) which was
responsible for the annual recrutment (1.¢ that age when the limpets can first be seen).

It was found that with the continual egg laying and consequent recruitment over a penod of three to four
months, the progression of modes within the histograms 1s unclear and msufficient to show the number,
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longevity or growth of any cohorts. For the purposes of further analyses and discussions, all mdividuals
from this peak recrurtment peniod will be classified as a single cohort, demonstrating continual recrutment
and possessing the same two major elements of a smgle cohort (namely, growth m body length and weight,
and death) This 1s despite the fact that there will be vanation in mdividual growth rates, and vanation
between, for example, a limpet hatched i October compared to one hatched in December, when measuring
m January

4. ldentification of Components Using Probability Paper and the Bhattacharya and NORMSEP
Methods

Clear wdentification of the component populations at any one sample date proved impossible for both the
Probatility Paper Method and the two methods of Modal Class Progression Anaylsis Egg capsule data
were excluded from these analyses.

Based on the appearance of the recrutment phase from approximately September, analysis of the length-
frequency data using the BHATTA and NORMSEP methods was split into three groups, and analysed on
this basis They were

1) With recrurtment (September 1995 to February 1996 This has no winter phase)

2) Without recrurtment (March 1995 to September 1995)

3) Twelve months' data (March 1995 to February 1996 Recrutment and a wmter phase)

Results of a sample, mmially analysed with BHATTA and then NORMSEP, are shown in Figure 3.2 1 12
and 32 1 13 The standard deviation refers to the vanation around the mean of the selected groups, "Class”
or "mm" refers to the midlength of each class  Different length class sizes were tested by amalgamating
classes, since it often happens that the structure of the pomts on the BHATTA plot emerge only for an
optimal length class size (Sparre er al, 1989) Sinularly a two week interval was found to give the optimum
S1 and standard deviation values However, despite the optimisation of both the length of shell, and
sampling time intervals, the chowces which have to be made withn the BHATTA programme i plotting
mean lengths of the components against ime and connecting those mean lengths that appeared to be
connected to the same cohort, was found to be very subjective
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Figures 3.2.1.4 to 3.2.1.7 represent histograms of the size range of limpet population
collected from the Belmont river over 52 weeks
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In the "choice” of cohort mean lengths, SI values less than 2 were ignored, as designed by the programme
Those which were all 2 or more gave one, two or three cohorts for any sample tume, but all sample dates
had S1 values with ¢hi squared values sigmificantly different between the observed and the predicted
population length frequencies. Generally, once the first two mean lengths of cohorts have been estimated, nt
15 possible to roughly estimate the von Bertalanffy parameter x, provided it 1s possible to estimate the age
difference between the two cohorts. However, in this case with the high chi-squared values making the
predictions not statistically significant, further analysis beyond the BHATTA and NORMSEP methods was
necessary

Growth and Cohort Analysis using ELEFAN |

As a result of all the facilmies provided by the ELEFAN programme, the three different phases of the year
(as above with the BHATTA and NORMSEP methods) were compared between the two sites, each with
Seasonalised and Non-Seasonalised Growth data, to produce the following results

Maximum predicted lengths
Table 3213 shows the predicted maximum lengths from the observed maximum lengths at BR and MF,
for the penods with recruitment (September to February), with Intle recruttment (March to September) and
all year These were then used to identify the "best” growth curves for the two sites, and to make predictions
of the phi pnime values
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Table 32 1 3 Observed and predicted values for L., for seasonalised and non-seasonalised growth at the
Manley Flats and Belmont River sites

Observed Predicted Conf nterval

max length  max (95% prob)
length

BR Sept to Feb 7 729 645-%813
BR March to Sep 6 668 605-7131
BR all vear 7 734 606 -803
MF Sept 10 Feb 698 752 657-847
MF March to Sept 7 719 664-773
MF all vear 6H9s 761 682 -8 19

Optimum parameter combinations
Table 3 2 1 4 shows all the values estimated for the vanous combimnations of growth parameters, for
seasonalised and non-seasonalised growth at BR and MF The values for Rn give an indication of the best
fit for each set of data, and can be compared between both sites

Companng the C values ("amphtude” of the growth curves) it can be seen that, in the case of BR, they are
estimated to be esther | or 0 9, 1 e growth rate 1s zero or nearly zero at the winter point MF, however,
vanes between 0 22 and 0 84, where the latter 1s the value for the observed data from all year WP gives the
estimated penod of lowest growth, and its calculation depends on which data set 1s chosen (1 e from which
month the data set was started. erther March or September).

Companson of the Rn values reveals the best fit for the data set They are best compared within the same
data set for example, the all-vear data for BR shows better fits (0 335 and 0 351) for the seasonalised data
when compared to the non seasonalised

Companson of all phi pnime values, representing as they do a unified parameter of growth performance,
shows very Iittle differences (see Figure 3 2 1 12) The average for the 12 month data set for BR (1 81) s
particularly close to that of the average MF (1 84), and from this we can deduce that although the two sites
are separated by some distance, the vanations between them are such that they cannot be considered
separate populations with regard to theiwr growth parameters Small differences between the growth
performances can be considered due to differences in the respective environmental factors

Crromth curves

The data i Table 3 2 | 4 can be used to draw growth curves for each set of VBG parameters Figures
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3211310321 16 show growth curves using |2 months’ data, for both sites with and without the
seasonalised growth, using the observed values of L. Predicted L. values give Intle change in growth curves
from those of observed, and are not presented here The BR non-seasonalised Rn value indicates the poor fit
of the curves, and this can be seen in Figure 3 2 1 16, particularly through the months of July, August and
September With the difficulty of fitting the data, prediction of the expected longevity, and number of cohorts

at any one time of the year becomes inaccurate with these two sets of data. Here, 4 cohorts are predicted
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Figure 32 1 12 Companson of Manley Flats and Belmont River phi prime values for predicted (P) and
observed (0) values for seasonal (1) and non-seasonal (2) data sets

We can conclude that Burnupia can be expected to hive for 24 months in the conditions found at BR at the
time of samplmg, before reaching the maximum predicted shell length of 7. 34mm. The programme has drawn
a theoretical growth curve where the inmal size 1s not 0, but the 0,65mm average hatching size, and the cohort
begins mud January The growth rates are presented below in the form of a table giving the monthly predicted
sizes for this theoretical population growing at BR (Table 3 2 | 5) and at MF (Table 3 2 | 6), and shows the
long penod of Inttle or no growth through the winter months. By the end of October, /e after approximately 3
months of growth (and approximately 4 months of lying dormant), a limpet would be expected to reach the
penod of sexual maturation (Section 3 3 4) It would take another 12 months to reach the predicted full size
Determination of the time needed for those limpets laid in the September/October penod to reach sexual
maturity 1s difficult, based on the data accumulated for the 1995/1996 sampling

The population at MF did not show the same winter dormancy i growth rate found at BR, but mamntained
growth through this period, the programme predicting a little less tume to reach the predicted maxumum size of
7.85mm in shell length However, it predicts a slower rate through the early months of the summer In 1995
flow rates were slow to mil (Figure 3 2.1.3) and carttle activity in the area increased simultaneously. This may
have had a negative effect on water quality in the area



Table 3 2.1 4 Growth parameters and Rn values for the BR and MF sites, analysed for three imes of the
year, September 1995 to February 1996 (with recrustment, no winter phase, c=0and WP=0), March to
September 1995 (without recrurtment, winter phase), and March 1995 to February 1996 (with recrutment
and winter phase) " indicates the observed values while the remaming values for L. are the predicted values

Site L= k C wp Rn phi
BR 3 1.8 09 0.1 0,252 1.98
Sept 10 r 1.1 0 0 0.206 1.77
February 7.29 089 09 0.2 0.208 1.67
7.29 1.0 0 0 0,206 1.73
BR 6 1.2 1.0 0.6 0.523 1.64
March to 6" L1 0 0 0.258 1.60
September 7 1. 1.0 0.8 0.791 .73
7 0.71 0 0 0.301 1.54
BR ' 1.7 1.0 04 0,358 1.92
All vear 3 0.87 0 0 0.203 1.63
7.34 1.3 1.0 042 0.351 1.85
7.34 1.3 0 0 0143 ] 8%
MF 7 14 0.3 0.9 0275 1.84
Sept to 3 1.5 0 0 0.219 1.87
Februan 7.52 1.2 045 1.0 0275 1.83
7.52 1.0 0 0 0.260 1.78
MF 7 1.9 022 041 0,355 1.97
March o ' g 1.7 0 0 0.317 1.92
September 719 1.8 03 0.3 0,355 1.97
7.19 1.5 0 0 0,350 1.89

MF i i 0.7 1.0 0.263 1.8
All year T 1.9 0 0 0.242 1.97
7.85 1.0 084 097 0,293 179
7.85 1.0 0 0 0.208 .79
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Figure 32 113 Predicted growth curves for cohorts from the Manley Flats site with a winter period
(C=07, WP=1.0) Recrutment is calculated to begin n September
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Figure 3 2.1 15 Predicted growth curves for cohorts from the Belmont River site, with a wanter penod,
C=10, WP=0 40 Recrurtment tume 1s calculated to start i January
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Table 3.2 1 5 Predicted lengths at the 15th of each month, for impets from the Belmont River site, using
the growth parameters from the ELEFAN programme.

ALl =7, x=17C=1, WP=04, Rn=0335 @~ 192

b)L.=734, x=13,C=1 WP=042 Rn=035]1, @ =185

The sequence of lengths and then the sequence of months 1s followed

BELMONT RIVER SITE (a)

JAN 041 58

FEB 162 602
MARCH 222 613
APRIL 2.52 618
MAY 2.58 620
JUNE 250 620
JULY 2.71 622
ALG 308 628
SEPT je2 639
ocT 420 651
NOV 19 663
DEC 54 672

BELMONT RIVER SITE (b)

JAN 053 549
FEB 158 5N
MARCH 2.18 503
APRIL 245 601
MAY 254 604
JUNE 2.55 604
JULY 261 6.05
ALG 285 612
SEPT 330 624
ocT 389 640
NOV 452 6.58
DEC 506 672
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Table 3.2.1 6 Table to show the predicted lengths at the 15th of each month, for hmpets from the Manley
Flats site, using the growth parameters from the ELEFAN programme.

aAl.=7,x=13C=07 WP=1Rn=0263 @ =18

b)L. =785 x=10,C =084 WP=097 Rn=0293 @'=179

The sequence of lengths and then the sequence of months 1s followed

-_— C—— e —————————— — - -

MANLEY FLATS SITE (a)

JAN 231 573 6 66
FEB 2.52 $78 667
MARCH 2 80 586 669
APRIL 323 508 6.72
MAY 373 611

JUNE 426 626

JULY 471 638

ALG S08 6 48

SEPT 093 33§ 6.55
ocT 185 5.52 660
NOV 194 5.62 663
DEC 2.1 568 664
MANLEY FLATS (b)

JAN 212 £

FEB 230 581

MARCH 2.59 592

APRIL 307 610

MAY ied 6 30

JUNE 423 652

JULY 473 6.71

ALG 047 514

SEPT 123 542

ocT 168 558

NOV 192 567

DEC 203 571
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Monthly and Daily Predicted Lengths
Based on the predicted growth parameters and curves, monthly lengths are predicted in Tables 3 2 | S and
3.2 1 6 for both sites, for observed and predicted L. of the year's data, with seasonal growth Simularly, daily
sizes are predicted for both observed and predicted L. values, with seasonal growth, but are not presented
here

Growth Model
Figures 32 1 19 and 3 2 1 20 show the total growth models to the L. value with estimates of limpet shell
length at any given penod Regressions of the first 43 days wall be used to compare the predicted growth of
limpets in the field to that of actual growth of mpets in the CE Room and hmpets enclosed in baskets in the
field (Secuon 3 3 3)

Discussion

Sampling
Sampling n stoney streams was reviewed by Usinger and Needham (1954), Macan (1958), Albrecht (1959),
Longhurst (1959) Cummuns (1962) and Kajak (1963)

Southwood (1978) underlines three important components to sampling 1) the sampling unit must lend self
to conversion to unit areas 1) the sampling unit must be eas:ly delmeated in the field ) the sampling unut
must not be too small i relation to the amumal's size as this increases the edge effect errors
The sample size and the class interval both have an effect on the analyses of length-frequency methods
(Mytilineou and Sarda, 1995) The collection of 300 length frequency samples at fortnightly intervals over
52 weeks satisfies three suggestions by different authors as to the choice of sample size and class interval
1) MacDonald and Pitcher (1979) suggest that sample size should consist of at least SO specimens for cach
age group, and substantiate this mathematically
2) Pauly (1984) suggests that a total sample size of over 1500, collected over a penod of four months, 1s a
"very good” sample for the application of ELEFAN |
3) Wolff (1989) proposed a simple method for the estimation of the class interval:
Class interval = (0 1 (L) (Number of assumed modal groups)
Although this was not intially used to determine the class interval to be used in the field, when the ascentaned
values for L and number of modal groups are mserted into the equation, the result confirms the choice of
0,Smm class interval 1s sufficiently small for the analysis of the hmpet cohorts.

The method of sampling the rocks proved a sampling method of least disturbance to the impets Marking the
limpets individually with erther red pamt or white nail polish (as descnbed by Dazo er al, 1966), or by using
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numbered mucrotags (Freslich, 1989) were not considered viable options due to 1) the pant or polish needing
approximately 30 munutes to dry, considered stressful for the limpets as they do not naturally occur for any
length of ime out of the water ) many were covered m green algae which would have to be removed first,
causing further stress ) the newly hatched himpets up to Imm in length were considered 100 small to either
remove from the rock (when seen) or to be effectively marked for the duration of the sampling time

For the purposes of growth analyses, there 15 substantial vanation in choice of time iterval for measunng
freshwater molluscs in the field For example, Aldndge (1982) measured Leproxis carinata monthly (bimonthly
n winter), fortughtly to monthly intervals were used by Strent (1985) with Ancyvius fluviarilis, and weekly
samplng was used by Calow (1973) with Planorbis contortus, and by Eisenberg (1966) with [ ymnaca elodes

Distribution

The contagrous type of dispersion demonstrated by Burnupia s typical in natural populations where aggregation
seems to be the rule rather than the exception (Ehon, 1966) Although depth of the water m thus nver system did
not seem to be an 1ssue with regard to the distnbution, personal observations of Burmupa m non-flowng pools,
also i close proximity to Grahamstown, showed the limpets to be absent after a depth of 75c¢cm Negauve
correlations between depth and density have been recorded for 4 Muvranlis (Geldiay, 1956, Macan, 1970)

Simularly their distnbution may be governed to a degree by their obvious sensitivity to sediment Verdcourt
(1949) suggests it 1s the absence of sediment, rather than the presence of flowing condtions which determines
the distnbution of 4 fluwianilis. As well as sediment, heterogenieties in the distnibution of food may influence
vertical dispersion Burnupia 1s a herbivore which ingests, in particular, unicellular algal periphyton, which in
turn 1s found m reducing densities as the depth of the water increases (Calow, 1974) Burnupia apparently
prefers smooth stone surfaces and this may be correlated to the fact that its shell and foot wadths are generally
greater than the crevice widths found on rough stones A smooth surface may also be necessary to provide
uninterrupted contact between the shell margins and the substrate during penods of high flow rate k should be
noted, however, that Burnupia (and also A fuvianiis and Acroloxus lacustris Linn) have a thin, flexible
uncalcified edge to their shells which allows them to conform to the irregulanties of the surfaces in which they
live (Fretter and Peake, 1978) Nevertheless, in Burnupia this skirt 1s only a millimeter wade and so it cannot
conform to extreme stone wrregularmies Personal observations too showed that eggs were laid on the smooth
surfaces, also a requirement for example, for egglaving by 4 Muvianlis and Planorbis contorms (Calow, 1974)

In his work on A tluvianiis, Calow (1974) found no impets on stones less than 6¢cm in longest length, not the
case with Burnupia However, none of these stones at MF or at BR were found in the mamstream, but rather
at the quiet edges (particularly at BR where there was less of a pool effect than at MF) which 1s not surpnsing
as these stones have greater mobility dunng times of fast flow, intiating crushing or scounng of the hmpets

present
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Recrunment
A post-wmnter surge in egg layving was very promunent at both sites, presumably related to the nse n
temperatures Temperatures for spring laving of eggs in other Ancylids vanes For A fluwviatilis estimates have
been made at 7°C (Bondeson, 1950), 8 5°C (McMahon, 1976), and 11°C (Geldiay, 1956), 10°C for F
rivularis (Nickerson, 1972), and for the more tropical populations of /{ excentricus and L. fuscus egg laymng
occurs with the spring nse in water temperatures to 14-18°C from winter lows of 7-12°C (McMahon, 1976)
As Ancylidae lay their eggs on the rock on which they are feeding (Calow, 1974) we can presume that the egg
capsule counts accurately reflected the number laid by the limpets withun the sampling areas However, 1t has
proved difficult explaining the lag in time (approximately 10 weeks) from the intial egg laying to the tume of
first recruitment The measured temperatures for this penod are from 14 - 16°C Controlied Environment (CE)
Room expenments at 15°C (Haigh and Dawvies-Coleman, 1995) as well as personal observations i the
laboratory have shown eggs to take no longer than 18 days to develop to hatching, and with a growth rate which
would increase their shell length to that of the rcruitment phase in less time than 1s shown by the sampling, from
mitial ime of egg lay to time of recrutment. There are possibly two reasons for this lag
1) High mortalities after hatching are common for freshwater snails (Calow, 1978), indicating the susceptibility
of juveniles, when compared to adults, of any adverse conditions Flow rates at this ime vary between
the two sites, but remamn higher than later in the season, presumably oxygen content of the water would
therefore not be limiting during this pre-recruitment penod
1) O'Keeffe (1985) suggests, although there 1s no direct evidence, that for Bulinus species the hatchlings
undergo a free-floating dispersal phase during which they would not have been recorded during field
sampling The question arises as to whether this occurs with Burmupia”® It was not observed in the
laboratory and neisther 1s this phenomenon recorded i the Iiterature If the newly hatched limpets do
undergo a free-floating phase, did this affect the numbers of observed hatchlings sampled from the
chosen rocks, and could the numbers taken from the populations on each rock mathematically affect the
analysis of the cohort growth In Section 3 3 3, where the field tnal with plastic baskets held in a stream
1s descnbed, 1t was observed that despite the baskets being placed in a stretch of stream where there
were no limpets upstream or downstream for approximately 50 metres either way, large hmpets were
found on the outside of the baskets after 3 to 4 weeks i the stream, and as these did not come from the
expenmental impets, they must have migrated from another site. Certainly migration must occur from
the top to the sides or bottom of the rocks as this 1s where egg capsules are lasd The conclusion,
therefore, 1s that despite the intial feelings (from the first set of observations of impets on rocks m the
streams) that there was no movement from or onto each rock, based on the fact that the numbers and
size groups on each of the respective rocks remamed approximately the same, it appears that mugration
does occur to a certamn extent under natural conditions. Perhaps, then, the possibality that the hatchlings
do also mugrate is not so far fetched Detailed field observations would have to be made to substantiate

this suggestion
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Figure 32.1.17 Growth models based on the VBGF, using the observed and the predicted L. values, for
Belmont River and Manley Flats sites
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on the outside of the baskets after 3 to 4 weeks in the stream, and as these did not come from the expenmental
limpets, they must have migrated from another site Certamnly migration must occur from the top to the sides or
bottom of the rocks as this 1s where egg capsules are laid The conclusion, therefore, 1s that despite the inttial
feelings (from the first set of observations of limpets on rocks in the streams) that there was no mevement from
or onto each rock, based on the fact that the numbers and size groups on each of the respective rocks remamed
approximately the same, it appears that migration does occur to a certain extent under natural condtions
Perhaps, then, the possibility that e bhatchimgs do aiso mugrate 1s not so far tetched  Detailed field observations
would have to be made to substantiate this suggestion

Environmemal factors and their effects
Water quality and diatom analyses would have underlined any differences between the sites, possibly explaming
some of the vanation seen between the two sites, on erther growth or penod of egg-laying

However, of all the factors mfluencing hife within a body of water, temperature 1s generally considered by
ecologists (e g MacMahon, 1973) to have the most profound effect, affecting not only the geographical
distnibution of a species but also the metabolic processes of ndividuals Many authors have demonstrated the
effects of temperature on the growth of the individual and this has been discussed in depth in Haigh and Davies-
Coleman (1995)

The flow rates would have made a sigmificant difference to the conditions found at the two sites, pnmanly
because the flow rate at MF was sigmficantly less or even zero at umes i comparnison to BR  As a consequence
of this, temperatures on a day to dav basis would have vaned, and because of the pond effect created at MF,
it 1s presumed the temperatures would have been higher at MF, sigmificantly affecting (increasing) the rate of
growth of the impets However, at the imes when there was an extended penod of cattle activity, this lack of
flow would be detnmental to the hmpets as an accumulation of excrements would have occurred Surpnisingly,
this was not reflected i the pH or TDS values

Analysts of Growth
Harding (1949) savs that nerther the graphical method nor any other will give a complete and unequivocal
solution, but fortunately the simplest solution 1s hikely to be the most sigmificant biologically, as well as
statistically

BHAITA and NORMSEP

There are two sources of bias in the analysis with BHATTA which wll affect the results

(a) 1f the number of newly-hatched was substantially underestimated, for example, poor field methods resulting
in their not being seen, and
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(b) if any large hmpets migrated away from the site examuned, their "loss” could have affected the results of
component cohorts of any one sample date, particularly as at certamn times of the year they were m very low
numbers

Idenufication of Modes

Within the methods of LFD Analysis, there are two classes used to estimate growth parameters parametnc
methods, which assume that a length frequency distnbution 1s a finite mixture of normal distnibutions (reviewed
m MacDonald, 1987), and non-parametnic methods which identify modes in some way and use a goodness-of-fit
function to determune the best set of growth parameters (reviewed in Pauly and Morgan, 1987) Matnx
progression methods which attempt to determune growth rate (e.g. Sullivan ez @/, 1990) are also non-parametnc
but do not 1dentify modes in the LFD  The estimates obtamned by followmng the progression of modes (= cohorts)
n the length frequencies 1s considered supenor to the method based on one single sample, e g by Harding's
method The latter methods are also considered unsuitable where the species 1s short-lived and there are only one
or two cohorts in a single length frequency sample However, non-parametnc methods have a history (Pauly,
1987) of successful use on short-lived animals (e g Peruvian anchoveta, Hilbom and Walters, 1902)

The validity of the procedure used by ELEFAN relies on the followng assumptions
That the samples used represented the population investigated

1

v 4 That the growth partern n the population 1s the same from year to vear

3 That the VBGE descnbes the average growth of the investigated population

4 That all mdividuals in the set of samples have the same length at the same age, and that, therefore
differences in length can be attnbuted to differences in age (Pauly and Dawid, 1981)

5 That continuous mortality occurs at a uniform, instantaneous rate (Wetherall, 1984)

Within the definition of the VBGE, asymptotic length 1s an extrapolation and hence will be poorly determined
when large animals are rare, particularly in short-lived species or those with a high mortalty It results mn an
mverse correlation between estimates of L. and the curvature parameter (rate at which L_ 1s attaned, x) over
a banana-shaped region of the L_x parameter space (Xiao, 1994), 1 e several combmations of L. and x can be
equally well fitted to the data to produce similar lengths at age This 1s where the ELEFAN method has an
advantage over other non-parametnc LFDA methods because nt “restructures” the data so that modes
representing large numbers of animals are de-emphasised relative to modes representing few amimals (Pauly,
1987). It appears that vanability m x 1s common amongst the molluscs (e g. Feare, 1970, Paul and Feder, 1973,
Taylor and Venn, 1978, Poore, 1972) However, L. 1s not usually expected to have biological meaning, 1 e to
be observed in the population Wetherall (1986) provides a statistically valid method for constraming L. to Le
within a “meaningful” range so that estumates of length at age within the range of data are not greatly affected

Vanability in L. would not influence the mean growth increment or mean length at age of a group because t
occurs as a linear term in the onginal VBGE (Samnsbury, 1980)
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Individual Growth

Southwood (1978) states that for amimals whose generations overlap significantly, the grouping of sampled
mdividuals into age classes does facilitate population studies However, one problem when using length-based
analysis and the subsequent placing of groups of limpets mnto cohorts, 15 the decreasing growth rate with age,
combmed with mortality, which produces overlaps between the older age groups, and consequently disallowing
the detection of well-defined age groups (Mytilineou and Sarda, 1995)

A second problem in using length frequency analysis 1s the differences that occur in the growth rates through
the year, a mpet laid duning the latter half of summer will possibly have less of an optimum growth rate over
a shorter period before the onset of winter, than a limpet laid in an earher part of summer The difficulty in
estimating the growth rate of any given limpet 1s exemplified by the graphs n Figures 32 1 13t0 32116
Although each graph 1s extrapolated to give predicted monthly lengths, it does not give an idea of the expectad
lengths for those limpets laid in the early parts of the summer, for example with the BR site, or in the later
months, for example January and February, at the MF site The restructured data in these figures and the
histograms indicate a continual recruitment ofhatched lhimpets through the summer months Ongmally. the whole
recruitment penod from September to January was considered as one cohort, although with continual recruitment
due to continual egg laying withmn this peniod  In retrospect, it 1s difficult to define the growth of an individual,
on the basis of the growth model denved for each site, for any given size at any given penod through the year
The question anses, therefore, as to whether the length of a hmpet can be used to accurately determme its age,
the fourth basic assumption of the ELEFAN programme as previously mentioned”

Indiv Vanabilty

Estimates of growth rate are based on the assumption that impets of a given size grow at the same rate under
the same conditions in order to achieve identical asymptotic sizes (Richardson and Martin, 1994, Stiven and
Walton, 1967) Samsbury’s paper on the "Effect of Individual Vanability on the von Berntalanffy Equation™
(1980) made some profound mathematical judgements as to the use of the VBGE, n particular with the
possibility of individual growth, as descnbed by the VBGE, not being the same as that of the population as a
whole This concept was first mooted by a number of authors (e g Chapman, 1961, Frank, 1965) who mtuumated
problems occurnng in the estimation of the population’s growth parameters where there was individual vanation
within one cohort, which would, over time, cause a change i the age composition of that cohort. Consequently
any results should be considered unrealistic (Vermey, 1980) The effect of individual vanability 1s particularly
important when interpreting growth ncrement data in predicting yield and mortality estimates, as the data can
result in senous overestimations of the mean length at age of a cohort (Samsbury, 1980)

Huryn er al (1994) suggest that because of vanation in growth rates and asymptotc size among individuals,
size-at-age analysis and terative models such as the ELEFAN 1 are nor appropnate for estimates of absolute
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or maximum age for organisms that exhibit asymptotic growth Elimia fascinans populations were reported to
be wvirntually identical at different sites, but individuals from three populations of £ cahawbensis grew at
markedly different rates (Huryn e al, 1994) The overlapping cohorts, as 1s found with Burnupia, obscured
temporal patterns of growth and development The problem 1s compounded by the non-availability of direct
aging techniques for natural populations (Vermer), 1980), and the lack of growth rings

Indrvidual vanability 1s further supported by evidence from numerous observations of freshwater pulmonates
both m the field and i the laboratory which show that the growth rates become lower at the onset of female
sexual maturation and at the time of increased egg production (Russel-Hunter, 1978) Presiding environmental
conditions at a given time of year will have a direct nfluence growth rate and on the availabilty and quality of
food which in tum wall also influence the growth rate,

Winter growth
A slow or null growth in length for the winter months has been reported for many freshwater snails (Russel-
Hunter, 1961b, Calow, 1973, Vincent ¢r a/, 1981). Growth rates for Bithynia tentaculara, found i temperate
zones, fluctuated from 0,1 7Tmmyweek to 0, 8mm/week with the scasonal conditions (Pinel Alloul and Magnn,
1971) However, Figure 3 2 1 17 reflects a decrease n size of the shell length during the penods of no-growth
(winter), and the question anses as to how this can be explamned, and 1s the model curve accurate” Picher and
MacDonald (1973) suggest that the main disadvantage of the sine wave VBG model 1s that 1t can unrealistically
generate animal shninkage duning the winter However, 1t can be of value when dealing with weights which can
easily decrease, and can therefore be used to simulate penods of negative production over the winter Weight
can be expressed as a power function of length:

W, = a(L)" and therefore, in the VBGE,

W, = W _[I-expx(tt,)]

True biomass growth, physiologically in individuals or ecologically in populations, can be defined as an increase
m unit mass of structural proteins. Similarly, any decrease in mass of structural proteins 1s "degrowth” and can
be reflected i terms of weight loss or of degradation of issues or organs, particularly of gonads or of secondary
sexual structures (Russel-Hunter and Eversole, 1976) This degrowth has been shown to occur in several species
of freshwater molluscs (Russel-Hunter and Eversole, 1976, Calow, 1977)

Vanations Between Populations

The growth rates of Burnupia can perhaps be compared to those of other ancylids reported in McMahon (1976).
He states that ficld growth rates can be compared when the percentage increase in the mean aperture length of
a generation 30 days after spat are collected in the field Although absolute shell length and not aperture size
was used for Burnupia, the percentages in change can be compared to the vanous examples given by McMahon
(1976) For example, Hebetancvius populations studied had growth rates of 58%, 116%, 48%, 69% in the first
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30 days, and two winter growth rates of 9% and 15%, suimilarly vanous Laevapex populations had 77%, 73%,
138%, 160%, 59%, 124% and 64% growth rates, A fluwiarilis demonstrated 35%, 105%, 114%, and 147%,
and lastly McMahon gives examples of Ferrissia rivularts which had increases in aperture size of 66%, 74%,
06%, 87%, and 174%, demonstrating the large inter-population vanation The percentage increase in size of
Burnupia m the first 30 days, estimated from the VBGM, 15 184%

Russel-Hunter and Cversole (1984) ndicate some generai features applicable to the majonty of gastropods
(1) There 1s no definite adult size, and the processes of somatic growth are to some extent independent of the
processes of maturation (Russel-Hunter and Eversole, 1976, Calow, 1978, Russel-Hunter, 1978) This contrasts
with the hormonal close coupling of sexual maturation and growth pattem in arthropods and higher vertebrates
(2) Any size parameters that can be defined are more likely to be charactenstic of ecach nterbreeding population
rather than to the species as a whole There may be intraspecific differences in mean size at first reproduction,
or mean size at death, with very Irttle vanation within each population and highly significant differences between
populations (in many sets of cases with no overlap)

(3) Many gastropod populations exhibit an environmental cutoff at a certain size (equivalent to a certan age
for that specific population only) and this prevents the detection of any endogenous senescence (Russel-Hunter,
1978)

These gastropod features result in great interpopulation plasticity of pattern of growth and of life cycle (Calow,
1978 Russel-Hunter, 1978) and Huryn er al (1994) suggest that any longevities calculated are hkely to be
baized

I conclude that in reality the longevity of Rurnupia s less than the two years predicted, and that a given shell
length of Burmupia cannot be used to estimate the age of any individual hmpet, given the vanation between
individuals, effect of ime of vear of emergence. and inter-population vanation

Companson of Phi Prime Values

Can the MF and BR limpet populations be considered the same population in terms of growth parameters” Pauly
(1979) discovered that @' values he developed within the @' test are very similar within related taxa and have
narrow normal distnbutions with mummum vanance Although ongmnally described for fish, the @' has been
shown to fit observed correlations in a bivalve (Defeo ¢r /. 1987) and other nvertebrates (Longhurst and Pauly,
1087)

Defeo er al (1987) i thewr analysis of yellow clams, found that inclusion of the smallest size class not ongmnally
measured and included i the analysis, did not affect the estimate of phi pnme In the case of the MF and BR
field samples, a similar scenano 1s assumed where the lack of the newly-hatched limpets wall have no effect on
the values of the respective phi prime values
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Predation

According to Lodge er al (1987) the major predation on freshwater snails 1s exerted by vertebrates, while those
mvertebrates known to consume snails are insects and leeches that pierce the shell (Costil and Daguzan, 1995)
No pierced shells of dead limpets were observed dunng this investigation, although it must be stated that the
shells disintegrate rapidly after death At these site other potential predators such as stoneflies were absent This
suggests that predation 1s unhkely to be a major nfluence on mornalty of this species at these sites

Life history
The mamn hfe cycle pattems encountered in natural populations of freshwater gastropods have been descnibed
by Russel-Hunter (1961b, 1978) and reviewed by Calow (1978) The time of egg-laying will determune the hfe
cycle pattemn shown When considening the egg-laying at the two sites studied, 1t can be seen there 1s a penod
where egg laying activity increase abruptly after the winter penods  The effects of the environmental conditions
on the tume of egg-laying and thus on the life cycle are well documented Water temperature 1s considered the
most critical factor determining growth and time of onset and intensity of the breeding season (Duncan, 1975,
McMahon, 1975a, Russel-Hunter, 1978) Cnitical temperatures for the initiation and subsequent control of
oviposition have been reported for vanous pulmonates, for example, 15°C for Biomphalaria in Brazil (Duncan,
1975) Spermatogenesis 1s also temperature dependent (Geraerts and Joosse, 1984) Possibly related to this 1s
the availability and quality of food Manne pulmonates often show breeding cycles timed by lunar-related cues,
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as does the salt marsh snail Melampus bidentatus (Pnce, 1979) However, this does not occur in the freshwater
pulmonates Simularly, 1t 1s generally agreed that the effects of photo period on growth and reproduction are
confined to the temperate chmatic regions (Geraerts and Joosse, 1984) Considening the continual egg-laving
through the winter months at both the MF and BR sites, allbert sporadic, it appears not to be a determuning
factor in relation to Burnupia. Mating was not observed or considered here, but it has been shown that
freshwater pulmonates can be induced to mate by vanous simul, and for example, [ymnaca stagnalis shows
a peak m mating activity at sunsel {Geracrts and Joosse, 1984) However, not all interpopulation ditferences can
be considered to be explamned by environmental factors, rather that they are genetically determmed (McMahon,
1975a)

Russel-Hunter (1978) suggests vanous hife cycle strategies for temperate zones, reproduced (from Calow, 1978)
mn Figure 3 2 1 21 for the sake of clanty They are based on two types of reproductive strategies, the iteroparows
condition where parents hive on after reproduction to reproduce again, and the semelparons condition where
parents die after reproducing He suggests B and D are “"quasi-teroparous™ m that they occur in special
circumstances in species which are usually semelparous. and that life cycle G 1s the true semelparous condition

The pattern of life cycle shown by Burnupia, according to the above, would possibly be demonstrated by types
B and D, but t would appear from all personal observations both in the field and in the laboratory, that
Burnupia 1s not usually semelparous, but demonstrates teropanty Calow (1978) gives a review of hfe cycle
strategies in vanous ancyhds, where Ancvius fluvianiis 1s thought to show a type A pattem (Bondesen, 1950,
Geldiay, 1956, Calow, 1972), A lacustris type A (Russel-Hunter, 1953), Ferrissia rivularis types A, B and
C (Burky, 1971), Hebetancyvlus excennicus type C (McMahon, 1976), and Lacvapex fuscus types A, D and E
(McMahon, 1976) Calow powmnts out that most of the freshwater pulmonates demonstrate semelpanty,
considered an evolutionary trend from the teroparous state of the manne prosobranchs and which s also found
mn the pnimitive saltmarsh pulmonate Melampus bidentatus (Russel-Hunter e7 al, 1972) This teroparous state
shown by Burnupia could possibly be a reflection of its evolutionary history, considered by some (e g Hodgson
et al_in prep) to be closer to the more pnmitive state than other ancyhds.

An altemative thought 1s that this iteroparous state rather reflects a hife history change when moving from the
poles to the tropics, moving towards a "K" selection which 15 supposed to become more intense and where
iteroparity becomes more frequent when compared to the "r" hife strategy (Pianka, 1970) Tropical pulmonate
studies are few and mostly confined to the bilharzia-carrying snauls (e g Shiff, 1964, O'Keeffe, 1982) but they
do pount 1o opportumsm and recklessness, as the iteroparous state 1s considered (Calow, 1978)

When explaming life history trants, Byme er a/ (1989) suggested the extended adult survival and oviposition of

Lymnaea palustris allowed the snail to survive in marginal, unstable habrtats (this trend was also seen i a
number of planorbids not in conditions which would appear marginal (Costil and Daguzan, 1995) Despite the
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continual flow of the higher reaches of the Bloukrans River, with the treated sewage waters of Grahamstown
feeding it in imes of drought, dammung along parts of the nver cause a cessation in flow at umes, particularly
at the MF site Consequently, these populations of Burnupia could be considered to be in a marginal area, thus
showmng simular hfe history pattems to the Lymnaea species

The maximum size attamed by amimals mhabiting a given site depends on many factors, such as the
environmental conditions, but also genetic makeup and (although not seen in Burnupia) parasitic infections The
environmental conditions are considered of the highest importance i the life history strategies of freshwater
gastropods (Russel-Hunter, 1678) but 1t 1s difficult to know to what extent the environmental conditions
nfluence the maximum size attamed by any snail of a given species  Costil and Daguzan (1995) showed vanous
sizes attamned by cohorts of Planorbis planorbis and Planorbarius corneus (both Planorbidae) from different
sites and times of the year, and they suggest only a small proportion of the impet populations attamn maturity
Brown er al (1985) found that shell length of / ymnaea elodes at matunity was a function of habitat productivity
Snails matured and reproduced at smaller sizes in the less productive sites, and had hugher fecundiies With the
vanation between BR and MF, perhaps this was also the case here The full analysis of the sexual development
of individuals has still to be completed (section 3 3 4)

To conclude, there can be considerable infraspecific interpopulation vanation in the hife cycle pattem, and Calow
(1978) lists many of these Studies of other populations of Burnupia will be necessary to clanfy the general hfe
cycle stategy 1t adopts as a species

3.2.2 MORPHOMETRIC ANALYSES

Introduction

The shape of the shell plays a dominant role as a taxonomuc character Walker (1923) descnibes the shell of B
stenochorias as "Broadly oval, shghtly wider postenorly, quite elevated, rather thick for the genus, opaque, not
shining, surface with very fine radiating stnae | apex promunent, small, subacute, shghtly deflected at the tip,
situated in the postenor fourth of the length, strongly inclined towards the nght and nearly overhanging the
margm. antenor slope long, regularly curved, but shightly flattened towards the apex, postenor slope short and
concave, left slope convex, nght slope somewhat concave”. Shell size plays a part in the description of each
limpet (Brown, 1904) However, a revision of the taxonomy of the genus Burmupia would probably reveal cases
of synonomy among the large number of nominal forms recogmsed by Walker (1923) and Connolly (1939),
mamly because 1t 1s only the descriptions of the shell and radula charactenstics that have been used to describe
the species, with a total lack of knowledge of the soft anatomy (Brown, 1967, 1994) Yet the relative proportions
of the length, breadth and height of the shell, for example, vary considerably (Brown, 1961)
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Many of the calcareous skeletons of both living and fossilised manne molluscs show evidence of penodic
deposition in therr shells in the form of regular extemal microgrowth ndges or intemal banding However, the
presence or absence of growth rngs in freshwater impets 1s not well documented Russel-Hunter (1053)
indicates the presence of broad growth nngs on the penostraca of A Mluviariiis and Acroloxus lacustris,
demonstrating growth rates of summer and winter, and allowing estimates of the length of the hife cycle The
presenceor absence of any growth nngs in Burnupia was mvestigated

It 1s generally accepted, however, that growth 1s best measured by increase i weight, wet or dry, as a
consequence of change in the morphological dimensions (namely, shell length, width and height) and body mass
(Calow, 1975b) In previous sections, length has been used to define growth and this appears to be justified
(Section 3 2 1) However, we need to ascertain the vanability of the morphological dimensions between sites

Simularly, 1f Burmupia 1s to be used as an ecotoxicology indicator species, there 1s the possibility that hmpets
from different local nvers could be collected erther for use in chronic toxicological tests (where the effects of
toxicant on growth are monitored) or for replenishing genetic stock within laboratory cultures (although the
necessity of this latter 1s sull a debated question) The vanation between populations therefore needs to be

considered

Method a)

To determune the presence of daily growth bands

1) All soft-bodied pants of 10 impets were removed and the remamning shells placed n 10% sodium
hypochlorite solution to remove all organic debns

2) The shells were placed into polvester resmn, with one drop of 0,01 M hvdrochloric acid to thin the resin,
and allowed to harden

3 Each limpet shell was cut in half with a diamond blade, the cut edge ground with increasingly finer
abrasive paper (340,120 wet and dry tnmater paper) and finally polished with household metal polish
“Brasso”

4 Each shell was etched for varymng lengths of time (25-40 minutes) with cold 0,01M hydrochlonc acid

5) Agar Scientific Ltd No G255 strips of acetate replicating matenal were used to obtan replicas of the
polished and etched surfaces The strips were left on the sections for 5 minutes, each peel removed and
kept flat by holding between cover ship and mucroscope shde

6) Each peel was exammed for any sign of growth bands or growth increments under a Nikon bifocal
mucroscope up to 10x40 magnification, and with a low power phase contrast microscope

Method b)
To determmne the possibility of using morphometnic measurements to calculate growth, and to investigate this
from three populations



)

2)

3)

4)

Using 0 Smm vermier calipers, measurements of shell length (greatest distance of the antenor and the
postenor axes), shell height (greatest vertical distance from the apex of the shell to the plane of the
aperture), and shell width (greatest distance perpendicular to the antenor/postenor axis) were taken
from three sites, two in the Bloukrans River (Belmont River [BR] site + 7kms upstream from the
Manley Flats [MF] site), and one in Botha River (Botha), in a large deep pool Wet weights were also
taken of those individuals from BR and Botha
To consider the relationship between growth and morphometric measurements, simple linear regressions
(Sokal and Rohlf, 1981) were inmially calculated for each population using log-transformed data
Accordmng to Fischer-Piette (1948) volume ™ provides a better representative of the overall shape of each
mndividual The volume (V) of each ndividual was calculated from its shell parameters by treating the
shell as an elliptical cylinder, using the followmng formula

V = II/4 x length x width x height
Linear regressions obtamed were compared by analysis of covanance (ANCOVA) to test for
homogenenty of slopes
Two further, multivanate tests were emploved to exanune the intncate relationships between the
vanables measured principal component analysis (PCA), and discnminant function analysis (DFA)
(within STATGRAPHICS 5) PCA was carned out with the aim of ordening the vanables in a small
number of dimensions, emphasising the major pattems of vanation between them. This method works
on ungrouped data reducing the set of vanables by lincar transformations so that a mumimum of
nformation 1s lost The principal components obtamned are independent of each other and account for
as much of the vanation as possible. PC1 accounts for as much vanation as possible in the ongmnal
data, PC2 a progressively smaller amount and so on (Manly, 1994)
DF A was then apphed, to classify observations into two or more groups based on the vanables used
In this way, a set of discnmunant functions are produced by which a specimen can be allotted to one of
the groups on which the analysis 1s based A way of evaluating the group differences 1s then to compute
the proportion of correctly \dentified specimens in each group  This ultimately mimimises the probability
of wrong assignment of unknown individuals The procedure assumes that the vanables are drawn from
populations with multivanate normal distnbutions and that the vanables have equal vanances It 1s
based on the difference between the between-group and the within-group co-vanances, and aims to find
the discnmmant functions that maximise the ratio between the between-group and within-group
vanations (Huberty, 1904)

Results and Discussion

1) Growth rings

No daily growth rings were found, suggesting that, unlike the marmne patelloid archegastropods, there is no
penodic deposition of the limpet shells displayed as ndges or bands Cnisp (1989) m reviewmng the phenomenon
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of growth nngs, gave vanous lines of evidence to suggest that harder and more perfectly crystalline pants of the
shell compnised the bands and that these formed when the body fluids were temporanly at a lower pH due to an
accumulation of carbon dioxide and perhaps organic acids during immersion. All shell-secreting invertebrates
exposed to the air and closed temporanly to avoid water loss, would be hikely to expenence acidosis and this
would slow down or prevent secretion of calcium carbonate Temporary drv and exposed penods did not occur
i the case of the limpets chosen for analysis, and thus, they would be unlikely to undergo acidosis, if this 1s
mdeed the form i which the daily growth nuygs are iad

2) Ratios of Marphometric Measurements

The vanability within these ratios 1s obvious, although difficult to test further. Walker (1923) claims that the
ongmal type specunen 1s not the normal form, that i a considerable number of species of Ancylidae there have
been recorded instances of abnormally narrow forms, possibly resulting from some pecuhar local condition
which has affected the growth of the hmpet

He refers particularly to the South Afnican ancylids, and mentions B srenochorias. with B gordonensis and
B trapezoidea also affected n this way He suggests that as the typical form frequently occurs with the normal
form, they should be regarded as individuals rather than as a racial difference

Table 32 2 1 Ratos of width to length, and height to length Compansons with type specimens after Walker
(1923), normal form and from the 3 sites nvestigated here, are presented

widthlength ___ height/length_

Type specimen 0.56 037
Normal form 075 044
Belmont River 072 040
Botha River 069 033
Manlev Flats 073 039

Linear Regressions and Correlations
The regressions of the logged (base 10) weight against volume show a very sigmificant relationship between the
values for those himpets from Botha River (Table 3 2 2 2), but not for those from Belmont River Companng
the regressions and correlations (Table 3 2 2 3) between weight and individual morphometnic measurements
indicates very generally a poorer relationship The correlation values of BR suggest length can be used to
measure weight (0 7326), although with a degree of uncertanty There 1s no weight data for MF to compare
these results with a third ste However, all three sites showed a very significant relationship (p < 0 0001, Table
3 2 2 2) between length and width, wath less significant relationships between length and height, and height and
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weight ANCOVAs of length against wadth for all three sites, and for MF agamnst BR. and BR aganst Botha,
however, reveal significant differences between slopes (F = 1,95, 1.9 8, 1,39 8 respectively, P < 0 005)

In determining whether the volume of a mpet depends largely on the length, regression and correlation analyses
of the log length, wadth and height aganst log volume™ showed shell length plays a greater role n determuning
the volume™ (Table 3 2 2 4), and therefore the shape of the impet, compared to shell width or height Thus 1s
not surprnising as length 1s always the greatest dimension  However, testing the slopes of the regressions of log
length aganst log volume™ by means of ANCOV A showed significant differences between the slopes withwn the
three sites (F = 1, 171 3, P < 0 0005)

In general, therefore, individuals portray similar patterns of allometnc growth of length with respect to width
and height, although different populations show relative differences in these vanables Corte-Real (1994) had

similar results in her studies of the marne himpet Parelia

Table 3 2.2 2 Calculated relationships for length, height and width in each population tested Also mcluded are
the weight regressions for the Belmont and Botha sites

Location (Site) Values Compared Regression Equation N R
Belmont River length v weight v~ | 854x-3624 49 0537
height v weight y=0T711x-2662 40 0240
width v weight y=1072x-2992 40 022
length v height y=1142x - 0476 173 0674
length v width y=0819x - 005 173 0727
height v width yv=03523x + 0316 173 0575
Botha River length v weight y=2283x-3603 21 0837
height v weight y=1877x-2458 21 0 49]
width v weight y=2420x-3276 21 0.758
length v height y=0703x -0 343 21 0724
length v wadth y=083Ix-0066 21 0 863
height v width y = 0.725x « 0344 21 057
Manley Flats length v heyght y=1119x-0492 178 0875
length v width y=0050x-0115 175 0929
height v width y=0753x + 0325 175 0821
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Table 3.2.23 Correlation matnices of the logarithms of weight and shell length, height and width values from
the three sites. Significance values are represented in brackets

1) Belmont River
weight length height width
weight 1. 0000 (0 000)
length 0 7326 (0 000) 1 K000 (0 000)
height 0490 (0 000) 09154 (0 000) 10000 (0 000)
width 0469 (0 000) 07521 (0000) 07694 (0000) 1 0000 (0 000)
2) Botha River
weight length height width
weight 1.0000 (0 000)
length 01975 (0.193) 1 0000 (0.000)
height 0 1968 (0 197) 0953 (0000) 10000 (0 000)
width 01536 (0 314) 00812 (0000) 00324 (0000) 10000 (0 000)
3) Manlev Flats
length height width
length 1 0000 (0 000)
height 0 5885 (0 000) 1 0000 (0 000)
width 0 2835 (0 059) -0215(0.156) 10000 (0 000)

Table3 2 2 4 Simple regression equations of the impet volumes logged agamst the log of weights for Belmont
River and Botha River

V=mx +c¢ N R P Corr Coeff
Belmont River y=04061x + 2073 48 034 00001 0 5858
Botha River v=1056Ix-3824 44 004 00001 09673
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Table 3225 Regression and correlation results companng the relationship between shell volume and shell
length, width or height of the impets at the Belmont Rover, Manley Flats and Botha nver sites

v =mx + ¢ N R* Probability  Corr Coeff

Length

Belmont y = 2 0500x . 0 6300 174 0894 0 0000 0 0455
Manleys y = 3 0808x -0 7135 175 0973 0 0000 0 0865
Botha y = 0 2000x - 0 3333 46 0983 00000 09016
Width

Belmont yv=2087x - 02094 174 0836 0.0000 09158
Manleys y=30616-02748 175 0951 0.0000 09751
Botha y=34201x « 00027 46 0 965 0.0000 0 0825
Height

Belmont y =2 113x + 0665 174 0 882 0 0000 0 9389
Manlevs y=25308x + 06815 175 09454 0.0000 00723
Botha yv=2462x « | 1268 46 0 050 0 0000 00704

Principal Component Analysis

Scatter plots of the first two principal components for impets from the three sites demonstrates the overlap of
their distnbutions. The PCA shows that length and width strongly influence the size and shape of a hmpet
relative to height. that there are differences between the three sites based on these morphometnce measurements,
and that on the bases of shell shape, limpets from Belmont River site can be distinguished from limpets from
the Botha and Manley Flats sites To ascertamn whether the vanables measured could be used confidently to
separate samples, Discnmimnant Functional Analysis was performed

Table 3226 Summansed results of the pnncipal component analysis based on the three morphometric
characters of the three populations of B. stenochorias

Component Number  ®cof Vanance  Cumulative %

| 92 86161 92 86161
2 5.22702 08 09863
3 190137 100




The percentage of vanance indicates that the vanation in the data set 1s described manly by the pnman
component and that the vanances of the indices of the other two components are low ; ¢ the vanation in the
vanables length, width and height are accounted for by the components chosen

Discriminant Function Analysis
Within-group correlations are given by the correlation and covanance matnces (Tables 322 7and 322 8)
When all measurements are amalgamated (Table 3 2.2 7), once again there 1s a strong relationship between
length and width relative to height. The low numbers in Table 3 2 2 8 indicate several principal components are
preferable n explaining the vanation between sites  According to the first function coefficient (Table 3 2 2 9),
the analysis predicts tall narrow impets or flat wide impets, suggesting a possible correlation between hydraulic
conditions and the shape of a impet

The vanance of each component of the discrnmmnant functions (Table 3 2 2 10) 1s expressed by the eigenvalue,
based on the eigenvectors which indicate how much each morphometnic character influences each principal
component  The proportion of vanation explained by each component 1s given by the Lambda value Although
the eigenvalues are below |, component | 15 still greater than compenent 2, 1 ¢ 62 74% of the vanation 1s
explamned by the first component. The canomical correlation values are both high indicating both components
dormunate i the differences between the himpets and therefore their distribution, with high chi-squared values
underlining that the group differences are highly significant In the DFA approach, the results are finally
classified into predicted groups on the basis of thewr discrimunant functions determuned from the three
morphometnc characters measured, with the proportion given (Table 3 2 2 11)of correctly assigned mdividuals
nto each population sampled

The results of Table 3 2 2 11 show the discnmunating power 1s weak when the data are treated by populations
(BR, Botha and MF), particularly with BR where little more than half of the impets are correctly 1dentified

Table 3227 Discrumnant function analvsis of within-group correlation matrix, where all values for length
height and width from the three sites have been amalgamated

length height width
length 1 0000 0 8872 09335
height 08872 1.0000 08520
width 09335 0 8520 1 0000
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Table3228  Discnmmnant function analysis of within-group covanance matnx where all values for length
height and width from the three sites have been amalgamated

length height width
length 0 00645 0 00645 000527
height 0.00537 0 00568 000451
width 000527 000451 0 00493

Table 3229  Discnminant function analysis of Standardised Disc Function Coefficients, predicting tall,
narrow himpets or flat wide himpets

1 2
length 007128 -2.37663
height 081436 | 95842
width -1 65862 0 82882

Table 322 10 Classification of Statistics of Observations, given by the discnminant functions analyses

Discrimmant Eigenvalue Relauve % Canonical

Function Correlation

1 02266281 6274 0 42983

2 0 1345633 37 26 0 34430

Functions Wilks Lambda Chi Squared Df Sigmif level
Denved

0 0 7185523 128 571 6 <0 0001

1 0 8813964 49 1104 2 <0 0001

Table3 22 11 Classification of impets, with diffening degrees of discnmunation obtamned from the differential
ordenng of the data Results are presented as actual counts, and as percentages

Predicted Group
Actual Group 1 2 3 Total
1 (Belmont) 07 (56.07%) 40 (2312%) 36 (2081%) 173 (100%)
2 (Botha) 8 (17.78%) 28 (6222%) 9 (20%) 45 (100%)
3 (Manleys) 42 (24%) 25 (1429%) 108(61 71%) 175 (100%)
Total 147 (37 4%) 93 (23%) 153 (389%) 393 (100%)
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Conclusion

Morphometnc charactenstics are not sufficient to establish taxonomuc affintties, particularly with Burnupa
(Brown, 1994), and should be combined with techmiques such as karyology (Nakamura, 1987), sperm
morphology (Hodgson er al, 1991), and allozyme electrophoresis analysis (Corte-Real, 1992) However, using
the length, wadth and height measurements within the Principal Component and Discniminant Function Analyses,
populations can be compared sufficiently to determmne whether or not they can be considered separate
populations, a question considered here Vanation in shell shape 1s a common occurrence in both freshwater
(Calow, 1975) and manine hmpets (Moore, 1934), and Walker (1923) clearly indicated the possibality of habnat
condmmions influencing the shell dimensions of Burmypia The question anses as to whether Burnupia can be
selected from any one of the three local sites presently used, for the purposes of ecotoxicological research
Simlarly, can shell length be used to determme ts growth”

The results of the Principal Component and Discnmunation Function Analyses suggest that growth can be
predicted by using measurements of shell length at the Belmont River and Manley Flats sites, although with a
degree of uncertainty This is mamly due to the significant relationship between length and width, and length and
height. Height was less closely related to width, although this was not as sigmificant with limpets from the Botha
River site Weight, any increase of which 1s considered a means of determuining growth, was found to be closely
correlated to volume™ and shell length However, those limpets from the Botha River site were very poorly
correlated with either length, height or wadth, so that length, width and height should all be used to estimate
growth.

The mability to separate the populations by PCA and DFA (Table 32 2 11) indicates that B sienochorias
sampled from the three sites can be considered geographically separated populations only, varving i their
proportion of morphometnc characters, but nsufficiently to consider them as separate populations. We can
therefore have confidence in sampling limpets from the three sites for testing growth effects within toxicology
tnals, although measurements of all three morphological characters (z ¢ length, width and height) should be
used The DF A scatter plots suggest that samples form the Belmont has less overlap with Manley Flats and
Botha River sites The hydraulics condtions prevalent at each site may offer an explanation for this, with disc
function coefficient values (Table 3 2 2 9) suggesting that hmpets from the Belmont River are longer and thinner
where the current velocity was higher (Section 3 2 1) than at the other two sites Here the hmpets are possibly
flatter and broader Testing the effects of the flow rates on the growth and eventual shape of a impet would be
difficult in the field, current flow would have 1o be measured on a microhabntat scale, then compared to the area
of the cross section of the shell, representing the drag resistance agamnst current velocity (this would presume
limpets confine themselves to the same position in the microhabitat)
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Biplot for First Two Principal Components
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Figure 3 2.2 | The length of the lines (vectors) are each proportional to its contribution to
the principal components The angle between the lnes 1s inversely proportional to the
correlation between them This confirms the regression analyses
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Figure 32 22 Discnmmant function plot for all three site 1=Belmont nver, 2= Botha nver,
3=Manley Flats
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3.2.3. HABITAT
A field investigation by Lisa Pretonus (third year Zoology student) into the habitat requirements and distnbution
of B stenochorias in selected Eastern Cape nvers This report has been edited to a certain extent

Introduction
The habitat requirements of this species have not been investigated, and as 1t 1s a key organism to be developed
as an ecotoxicological indicator. 1t 18 necessary to know what condrtions are optimal for its survival and can be

recreated in artificial stream channels for cultuning purposes

Burnupia are thought to occur in well oxvgenated water as they are almost entirely confined to small, stony
streams and the shores of lakes which are exposed to wave action (Brown 1980) The genus 1s widely
distnbuted throughout South Afnica with the exception of the Westemn Cape, and have been recorded in biotopes
such as stones-in-current, stones-out-of-current and on vegetation (F de Moor, Albany Museum, pers comm)
Appleton (1978) descnbes abiotic factors influencing the distnibution of a bilharzia intermediate host snail (a
different fanuly to that of Burmupia) as temperature, turbidity, salinity, current velocity and water depth amongst
others Of these, temperature and current velocity are factors thought to be of major importance in determining
the distnbution of himpets  Although highly vanable in fresh water, water chemustry (concentrations of
chemucals such as Mg, K, Cl, NO,, PO, etc ) only affects the community structure extensively under extreme
condmions (Allan 1995, Dussart 1079)

Just as the environment changes, so the numbers of amimals change, reflecting the equiibrium natural
populations have with the environment (Eisenberg 1966) The time scale over which population measures are
taken 1s important because a temporary change i conditions may affect the numbers in the population but will
not give an accurate estimation of density and distnbution under normal conditions, thus a longer time penod

1s required when domng population studies

A habstat 1s defined as the place where an organism normally hives (Southwood, 1978) The habitat requirements
are factors which enable the organism to make an area its habitat. To know what these factors are, it 1s necessary
to make compansons of abiotic and biotic conditions occurning in those areas where B stenochorias 1s present
The factors which are sinular can be assumed as being habrtat requirements 1 ¢ not imiting to the occupation
of the habrtat, and can be further manipulated in the laboratory to achieve optimum fecundity and growth rates
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Method
1. Three Eastern Cape nvers were investigated and are referred 10 as sites in this expeniment  The sites were

ra

visited once in summer (March) and agamn in wanter (July) The sites were

a) Sute A - Bloukrans River, an organically polluted nver receiving effluent from the Grahamstown
sewage farm, agnculture and rural areas Same as Belmont niver in section 3 2 2

b) Sne B - Botha River, a pool in a pristine, unimpacted temporary niver in which extremely low flows
were observed while under study

¢) Sne C - Palmuet River, a pristine ummpacted fourth order stream

In each site four biotopes were selected The biotopes included
a) stones out of current
b) stones in current
¢) margmal, submerged vegetation
d) soft sediment

In each biotope hmpets present were measured for length using a template with holes of known diameter
Samples of submerged marginal vegetation and soft sediment were taken back to the laboratory and
served Limpets found were measured by the same method and results recorded.

At cach site a ume / catch per unit effort was done (adopted from Southwood, 1978) 1.e. hmpets were
counted for one munute, to give an indication of the number of limpets present i each biotope in the
nver

Abiotic factors which may influence the distnbution of the himpets were measured once at each site dunng
March and July These included
a) water qualty determuned by measurnng total dissolved salts (TDS), calcium, sodium and and
magnesium n parts per milhon, and pH
b) flow rate
¢) temperature

Staustics which included an analysis of vanance and multiple range analvsis test were used to compare the
number, and size vanance between sites, seasons and biotopes

Results

Figure 3 2 3 | shows the number of B stenochorias found at each site during summer and winter 1996 Site
B (Botha River) has the highest number of B stenochorias. whereas site A (Bloukrans River) was mtermediate
and at site C (Palmset River) very low numbers were present It must be noted that the Botha River had no

stones-in-current biotope as it was a pooled trickle stream with intermittent flow
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Figure 3.2 3 1 Number of hmpets found at cach site duning summer and winter sampling

Figure 3 2 3 2 a) to f) show the size vanations of the lumpet n the different biotopes at each sute dunng each

season At each site there 1s an increase in average size between summer (| 66mm) and winter (3 4mm) Durmng

winter, Site B shows the most vanation in size ranging from shell lengths of 0 9mm to 6 Smm

ANOVAs completed on STATGRAPHICS 5 | revealed the followng

a)

b)

c)

A sigmificant difference in the number of hmpets (p = 0 0212), but no obvious significant
difference in the size (p ~ 0 0658) of hmpets found at each site

A significant difference in number (p = 0 0174) and size (p = 0 001) of hmpets in each biotope
No significant difference in the number (p = 0 9701) but a difference in the size (p = 0 0104)
of hmpets between seasons

A multiple range analysis test, companng the numbers in the biotopes (regardless of site) showed that stones-

out-of-current was the most different biotope while soft sediment, marginal vegetation and stones-in-current were

still comparable The same test with sites showed that numbers in site B were most different from the other

sites

A multiple range analysis comparing sizes i different biotopes revealed that impets found in soft sediment had
the most diverse sizes compared with hmpets i the other biotopes, with very few found in soft sediment Stones-
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in-current mpets had some similarties with impets in margmal vegetation and limpets in margmal vegetation
in tum had similarities with mpets m stones-out-of-current

Table 323 1 Vanation m the abiotic factors at ime of sampling during 1996 at sites A= Bloukrans niver,

B=Botha River, and C=Palmiet River
SUMMER  WINTER SUMMER WINTER SUMMER  WINTER

A B e
Temperature“C 18 07 202 10 236 11
Flow rate m/sec kR ) 14 0 0 165 1
TDS mg/l 506 673 440 5§52 74 88 4
pH 72 81 74 73§ 68 804

Table 3232 Vanation in water chenustry between the three sites on 7/03/1996

Na (ppm) Ca (ppm) Mg (ppm)
Botha River 110 16 186
Bloukrans River 147 30 23
Palmiet River 23 1 3

Discussion

The habitat of an organism and its dispersion pattern may be defined at vanous observational levels, the habitat
definition (1 ¢ simple or complex) depending on the degree of precision and the ecological question bemng asked
(Calow 1974) In this mvestigation, the focus 1s placed on an overall companson

rather than more mvolved complex explanations of habitats # stenochorias occured in different biotopes and
was present duning winter and summer To understand what conditions affect thewr distnbution, and appear to
determune habrtat requirements, it 1s necessary to compare sites, and abiotic factors that occurred dunng the time
samples were taken Biotope compansons are of importance because they indicate a narrow range of factors
which wall affect the distnbution of this limpet

Sites
Botha River had the highest number of impets dunng winter and summer (Figure 323 | cand d) The area
sampled was in a pool n a temporary nver and no stones-m-current biotope existed Because the river 1s
temporary and low inflow of water occurred at the time of sampling, the pool of water evaporated as no ram fell,
with a consequent shnnking of the habitat Under these conditions the limpets move into a smaller area and thus
have to explort all habitats, possibly those they would normally not inhabit under optimal conditions The no-flow
condrtions allowed the marginal vegetation to be explorted, including submerged sticks and leaves which had
fallen from the overhanging trees These had grown a layer of algae on the surface, providing the limpets with
a food source Egg capsules were also observed on these leaves  The size of the limpets vaned with the range
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Bloukrans River had the second highest population of impets In summer a very small number were found on
stones-m-current It has been observed that stones-in-current 1s a domunant habtat elsewhere, suggesting the low
number may have resulted from a high rainfall just before sampling which had disturbed the habrtat and washed
the limpets downstream In the winter months there was a comparatively low density of limpets in all biotopes,
presumably as a result of abiotic factors in particular temperature. At the Botha niver | 1% of impets were found
on vegetation during summer, compared to 45% during the winter months

The Bloukrans River 1s nch mn organic pollution caused by agniculture runoff and human waste from
Grahamstown This high organic concentration provides nutnents for algal growth which in tum provides food
for the impets There 15 a distinct size difference during winter (ave. size 3 26mm) and summer (ave size
1 89mm) (see Figure 3 2.3 2 ¢ and f) Limpets in the winter tended to be much larger than those in the summer
as explained above There i1s a narrower size range of hmpets at Bloukrans site when compared to the limpets
found in the Botha River

The Palmiet River i1s a pnistine natural nver which flows all year round Only 4 individuals were found here in
March, and 1 in July (Figure 3 23 1 ¢) The size of the individual found in the winter sampling (3 Smm) was
bigger than the size (ave size | 25mm) of the impets found dunng summer

Statistics show that there were no significant difference between the number of limpets found dunng change in
seasons, between sites, but that there was a sigmificant difference between sizes (Figure 3.2 3 2 b), d) and f))

Biatopes
Stones-out-of-current were most densely populated with impets in all stes It can thus be assumed that limpets
prefer this type of habitat  Stones-out-of-current provided the hmpet with a solid surface, presumably enough
oxygen and a protected, smooth surface to lay its eggs on  The last factor seems to be of importance because a
species may be absent from a place because conditions, although not unfavourable, may be unattractive to the
ovipositing female (Macan 1961)

Stones-in-current biotope had considerably fewer hmpets (Fig 3.2.3 1). It must be kept in mund that the Botha
River had no stones-m-current and that heavy ranfalls before sampling at Bloukrans River could have influenced
the distnbution of impets, Eisenberg (1965) stresses that weather should not be ignored when determining the
number of ammals m their natural environments  Although this biotope provides a surface on which the limpets
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live, graze, and lay their eggs, impets were only found in this biotope in the Bloukrans River. This may have been
due to higher flow rate limsting this habitat (Appleton, 1978, Macan, 1960) The water in this biotope was very
well oxygenated Oxygenated water was considered a key habtat requirement which affected B stenochorias
distnibution. However, expenments done in the laboratory found that these limpets can survive well n acrated
contamers with no flow (H Dawvies-Coleman pers com ) The stones-out-of-current biotope at Botha Ruver
contained the most limpets Thus, it appears that if there 1s enough oxygen in a habaat t wall survive desprte the
absence of flow

Margmnal vegetation was not a common biotope for B stenochorias to live on, but duning the winter as the pond
at Botha River started to dry, the number of ndividuals on the vegetation increased as stones in the pond became
fewer in number A few individuals were found on vegetation at the Bloukrans River sae but this was not usually
observed Costil and Daguzan (1995) revealed that fresh macrophytes were rarely eaten by snails but that the
macrophytes supportad growth of penphyton, which 1s a food source for hmpets, and provided them with shelter
from predators, egg-laying sites and a substratum on which hmpets could crawl Ndifon and Ukoh (1989)
revealed that macrophytes with smooth surfaces were favoured for egg deposition and resting while plants with
hairy surfaces were seldom used for either function Thus, gastropods in general appear to prefer whichever
smooth surface 1s available for certain activities  The limpets that did occur on these sticks were smaller than
those that lived on stones

Soft sediment appeared to be an unfavourable habrtat for Burmupia  The only impets found in this biotope were
in the Botha nver during winter. Duning this tme limpets were at very high densities and 1t was possible that the
limpets found in soft sediment could have fallen off the substratum they were attached to and recorded as
occurning i this biotope  From direct observation himpets did not occur in soft sediment If compared to other
biotopes the reason for this 1s that no solid surface 1s available for egg-laving, feeding and movement of the
hmpet. Brown and Lodge (1993), in an expenment on gastropod diversity and abundance m areas of high and
low macrophyte biomass, found that in the laboratory (given a choice of sand, macrophytes and rocks) gastropods
preferred cobble (first choice) and macrophytes but avoided sand

Abiotic factors
Vanous abiotic factors were measured in each site (Table 3 2 3 1) It must be stressed that these factors are
generally not constant through the year and by only measuning them twice, no conclusive evidence as to why #
stenochorias has included or excluded a site as its habitat 1s revealed Future research into the habnat
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requirements of this species should mclude replicate sampling over the whole vear, to get an accurate 1dea of
conditions prevailing n a given ste  If physico-chemical factors are not optimal a species could find itself in
competition with others which are better adapted to the conditions (Dussart 1979)

Appleton (1978) found that bilharziasis intermedhate host snails (Planorbidae) have a broad tolerance range to
field water temperatures B sienochorias occurs in the whole of South Afnica with the exception of the Western
Cape (F de Moor, Albany Museum pers comm ). The wide distnbution of this impet could indicate a broad
tolerance of temperature as Northem parts of South Africa have warmer nvers when compared to the Southem
parts 1.¢ the Cape This suggests temperature was not a hmiting factor in any of the sites Macan (1960) gives
numerous reasons why orgamisms can not invade warmer or cooler waters than what they are used to, e g warm
water never reaches low enough temperatures to simulate reproduction. It was observed that B stenochorias lad
eggs at the end of winter suggesting low temperatures are necessary for egg laying To nvestigate this further,
a countrywide survey will have to be done to compare number of mpets in nvers with varying temperatures

Macan (1960) and Appleton (1978) explam that snails have a remarkably low tolerance to a range of current
velocity The reason for this may be that snails cannot remamn attached to a substratum when exposed to a flow
rate greater than 0 3m's  Allan (1995) behieves that water velocity and the associated physical forces collectively
represent the most important physical factor affecting ammals m nvers. This suggests that current velocrty (flow
rate) may influence the distnibution of B stemachorias m a nver Botha River had a very low flow at the ume of
sampling Table 3 2 3 | shows that the Bloukrans River had a faster flow in both seasons than that of the Palmuet
River The summer flow was very high due to a high ramnfall before sampling in the Bloukrans River and this
suggests that current velocity does affect the distnbution of limpets because observations have shown that under
a slower water velocity there are more limpets present in this river on stones-in-current (H Dawies-Coleman
pers com ) The flow rate duning summer in the Palmiet River was also higher than in the winter but this did not
affect the number of limpets found, because duning both seasons, no limpets were found in stones-in-current
Thus, the low number of B srenochorias found in this nver may be due to another factor  This suggests that the
habitat requirement for the limpet in terms of current strength 1s a slow current, which does not wash the impet
off its substratum, or even a pond with no current as in the Botha River

Allan (1995) explans that the total dissolved salts (TDS) content of fresh water 1s the sum of the concentrations
of the dissolved major 1ons TDS in the Botha and Bloukrans River was relatively high at an average of S00mg/1

The Palmuet River had a very low TDS in companson to this with an average of 8 Img/1 TDS of 360mg/ did not
affect the snails themselves but prevented development and hatching of eggs B stenochorias appears to be much
more tolerant to a higher TDS The fact that the Palmuet has such a low TDS may be the reason for the low
number of impets found at this site TDS also affects the growth of aquatic plants and by direct observation the
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Palmuet River seemed to have much less algal growth on stones than the other two nivers. The habrtat requirement
in terms of TDS 1s one which 1s relatively high 1 ¢ 400-500mg/1

The water chemustry results (Table 3 2 3 2) mdicate that Botha River and Bloukrans River are similar in relation
to the sodium and magnesium concentration, with calcium concentration being almost double in the Bloukrans
River The Palmiet River has much lower concentrations of 1ons. Macan (1960) explans that while calcium 1s
a necessity for the shell of the impets, little 1s known about how calcium affects distnbution. Shells are thinner
in softer water However, the Palmiet River 1s very low in calcium compared to the other sites where limpets were
found It can be assumed that calcium 1s a requirement. Macan (1960) could only find a correlation between
calcium and mollusc populations, the other 1ons appear to have little influence on the distnbution of the mollusc

This 1s not surprising as the pH of a nver does not vary extensively because only when the pH is below S that
biological consequences are senous (Allan 1995) The pH did not vary among sites (range 6-8) with the average
pH bemng neutral

Conclusion
After companng the sites, the biotopes and abiotic factors measured at these sites the following simularities were
found mn places were B stenochorias occurred

. substrate - a firm surface to which the limpet can attach, lay ns eggs and feed on algae, these
surfaces can include stones or less commonly vegetation
. flow rate - the himpets in this investigation were found mainly on stones-out-of-current, thus as low
flow or even no flow 1s sutable
. temperature - between 10 and 25°C (the extreme tolerances are not known)
. TDS - many hmpets occur where TDS 1s 500mg/l
. pH - neutral pH 1s favourable

These critena can be seen as habitat requirements for B stenochorias Future studies on the habitat of these
limpets can include water chemustry, and biotic factors such as competition and predation which may influence
the distnbution of this organism

72



a) Bloukrans Rnver, summer b) Bloukmans Rner, winter
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Figure 3.2 3 2 (a-f) The range of sizes of B stenochorias impets occurring in each of four bictopes in three Eastern
Cape nvers dunng the summer and winter months i 1996
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3.3 EXPERIMENTAL

3.3.1 LABORATORY GROWTH CONDITIONS
The investigation into the laboratory conditions necessary for optimal growth of impets, intiated in 1994 and
reported in Haigh and Davies-Coleman (1996), was continued Water conditions are particularly relevant to
the growth of the diatoms, considered the pnmary source of food for many groups of benthic macro-
mnvertebrates, An investigation into the growth of diatoms i artificial streams was completed by Mrs M
Balann in partial completion of her Botany Honours vear and 1s reported in section 3 S Results from the
growth of the mpets during this expeniment and discussion are included below, together with a summary
Due to the extent of the work involved and the time constramnts of an Honours student, the day to day
maintenance, water chemustry and chlorophyll analysis, as well as measuring of hmpets was undertaken by
H Dawies-Coleman

Introduction

To date, the food preference of B sienochorias 1s unknown, but it 1s thought that it grazes on filamentous
algae, diatoms and possibly fungi, lichens and bactena Hunter and Russel-Hunter (1953) report that analysis
of the gut content of certain limpet species of the family Ancylidae indicated a micro herbivorous habnt
Observations within the laboratory show Burnupia sweeping their radulae over the surface and collect
apparently a large percentage of the perphyton growing on the surface (as explamed in Section 3 3 2) Thus
study investigated the effects on algal assemblages of these grazers at a high density, as well as the sutabilnty
of these laboratory conditions for the growth of the algae as a food source for B stenochorias

Much of the literature refers to the effects that grazers have on the penphyton community (¢ g Bronmark,
1989, Calow, 1974, DeNicola ef al. 1990, Lambert: ¢7 @/ 1984), being erther negative or positive, depending
on the herbivore species or the algal species consumed (Stenman ef al. 1989) Lamberti and Moore (1984)
summanse the effects of grazing on biomass and productivity of peniphyton in a generahised conceptual model
They suggest at very low grazing pressures the biomass of the penphyton 1s high and productivity moderate
When the densities of grazers increase, the biomass declines, whereas the productivity increases to a
maximum at the intermediate grazing pressure Further increases m grazing pressure result in overgrazing and
both the biomass and productivity decreases to a mmimum

This project sought to clanfy the process within 6 of our laboratory streams, with 3 streams containing
limpets to monitor the effects of the grazing Diatoms in samples used for moculation of the aruficial streams
were enumerated according to the Utermohl techmique Diatoms growing on the plastic substrate in the
streams were counted and identified to species level, where possible, using scanning electron microscopy.
Results were analysed using the programme PRIMER
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Results and Discussion
The majority of results pertaimng to diatom growth 1s reported in section 3 5, but other results, a summary
and discussion are given below

The sequence of colomisation from bactena through to the stalked and filamentous diatoms was illustrated,
with a shight decrease in specics nichness (Margalef) and diversity (Shannon Weaver Diversity Index) over the
40 day penod of grazing Burnupia did not have a discemable effect on the peniphyton assemblage The
vanability in the diatom data was such that there was no significant relationships between the control streams
(< 14 days) and grazed and ungrazed streams (> 14 days) Domunant genera throughout the whole expennment
were Achnanthes. Cocconeis and Navicula

Water chemustry, and in particular pH, plays a wital role in the assemblage of diatoms At very acid or very
alkaline pH values, the flora may be restrnicted in terms of numbers of species, although not necessanly in
terms of abundance of species Diatoms not only adapt themselves to an optimum pH, but also exhibit varying
degrees of tolerance to pH levels on erther side of their optimum Cholnoky (1968) in particular has pointed
out the importance of pH fluctuations as a hmiting factor in the distnbution of diatoms Any drop 1 pH will
change the CO. to CO,, unavailable for the diatom growth All streams in this expertment showed a | pomt
drop in pH over a 7 day period, and this must be avoided when culturing limpets for use in the toxicology
expenments It 1s suggested this can be achieved by changing 10% by volume of the water in each reanng
vessel, also recommended by Picterse (pers com) as a means of supplementing nutnents for the diatom

growth

Ramwater 1s not considered suitable as the water source by Pieterse (pers com), as it probably would contain
spores of unwanted species picked up from the air Picterse suggests that dechlonnated tap water 1s sufficient
for the growth of the diatoms, with no further nutnients beng necessary, except for the addition of silica in the
form of sodium silicate This was achieved i the diatom tnial by dissolving the silicate in tap water and
pouring small quantities into cach channel at weekly intervals, according to the recommendations by Stemn
(1973) The silicate results of samples taken throughout the expeniment, and analysed by Port Elizabeth
Municipality, indicate sufficient quantities present in the streams’ water for successful diatom growth (Table
33 1 1) Sihcates contnbute to the alkalinty of the water, and although alkalinity has no effect, per se, on the
growth of amimals or plants, 1t 1s important in determuning the effect and concentrations of other water quality
critena, and therefore the general sutability of the water source for cultunng

Decrease in the total number of cells through the six channels may have been related to an unfavourable
change in the chemucal conditions of the streams, as indicated by the increase in all streams of the phosphate
levels to 10x the South Afnican recommended levels for freshwater habrtats (Dallas er a/, 1994), see Table 3 §
3), although these did decrease in concentrations by the end of the expeniment. Although filamentous algae
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were not seen dunng the diatom expenment, high nitrogen (not seen in these streams) and phosphorus
concentrations are known to encourage filamentous algal growth, unsurtable for the hmpets Balann found no
correlation between chlorophyll @ and the level of orthophosphates (R™= < 0 5), total dissolved salts (R= <
0.3), and pH (R= < 0 3) in any of the channels, using standard regression analyses

Data not included in Balann's writeup are the metal 1on analyses, and the limpet growth and mortality, given
here in Table 33 1 1 and Figure 33 1 ]

Table 33 11 Range of approximate metal 1on concentrations in the 6 channels, in mg/Intre3 5 month penod
* refers to two extreme values of 21 and 23mg/litre silicon oxide

Date Potassium Sodium Magnesium Calcum Si10.
11/4 4-12 44.72 9-15§ 12-17 10-11
19/4 6-10 4-72 9-12 13-17 9-14
304 6-10 $2-104 10-14 18 - 26 9-25
29/5 4-10 100 -194 §-20 16 - 32

14/6 -2 9 - 152 14-28 24-34 6-26
87 10-12 104 -174 13-25 32-52 1-23°
317 11-12 108 - 154 15-25 30-50 1-21°

The ratios of metals ideal for the growth and particularly reproduction of limpets must be low for
calcium/magnesium (Harnson and Shiff, 1966) and high for sodium/calcium (Appleton, 1978), with the level
of calcium ideal at approxamately 10mg/l, below which calcium fails to be absorbed by the majonty of snails
(van der Borght and Puymbroeck, 1966) The metal 1on levels in these streams remamned at these sutable
ranos Calcium was added to the streams in the form of chalk (calcium carbonate) dissolved in tap water at

irregular intervals (on the advice of Appleton, pers com)

The biological filters, in the sumps and made of compacted masses of fine strands of plastic, were found to be
very successful in filtering out sloughed-off algae and other debns from the water Umicellular cells such as
Chlamydomonas species are not collected by the filters, but they are not considered to be a problem to the

systems, or to the impets which very likely scrape them off the surface and possibly use them as a food
source as well

The hght levels reported by Balann in her project writeup are possibly too low for the successful growth of
erther the diatoms or the impets Since then, the channels now have double the hghting previously available,
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reading at an approximate photon flux density of 120mol/m*/s It has been suggested by Pieterse (pers com)
that the dark colour of the channels will decrease the likelihood of filamentous algae This would be a
disadvantage of the white 5 litre plastic pots used extensively in the laboratory Darkening the outside of the
pots to decrease the outside mncidence of light intensity 1s to be done where the impets are to be cultured

The plastic surface of the channels (and any other container used) should not curtail the growth of the
diatoms At imtial seeding, the diatoms would have moved from the water to the sides of the channel within 6
hours (Round, pers com), and remained attached to the plastic Simularly, any bactena would be unlikely to
remamn in the water body itself, but attached to the plastic sides

There are a number of pomnts to be noted with regard to the channels with impets added as part of the grazing

expenment, seen alsom Figures 33 1. 1land 33 12

1) The numbers of impets displayed in the comer of each graph give an indication of the high mortality
expenenced n all three channels This 1s as 2 consequence of the unavoidable handling of the hmpets,
ie removal from the ongmal place of hatching, being measured and then placed in the (new) channels

2) Imtsally, the densities of limpets within each channel had to be high. to see any effects of grazing However,
1200 himpets (400 in each channel) of small sizes was extremely difficult to organise and find all at
one ime consequently, there was a large vanation in size of those initially placed into the channels.
However, most were below 3mm e pre-egg-laying

3) Vanable growth was seen, with the first eggs hatching from newly laid egg capsules approximately 8 weeks
later  All channels had limpets which reached the large size of 5-6mm in length by the end of the
expeniment, ndicating the sutability of the conditions provided However, despite the large number of
capsules laid, very few hatchlings reached a size in excess of | S mm, which was casy to measure,
without touching the hmpets in the large strecams This confirms previous attempts to rear young
limpets in these streams, indicating that, for a high success rate of hatched himpets reaching adult size,

an alternative means of mass reaning the hmpets from hatching will be necessary

Over a two vear penod the mantenance of the channels consisted of the addition of distilled and condstioned
tap water once a week, the addition of chalk every month and the occasional addition of a few drops of water
plant fertihiser The amount and type of algal growth vaned through time waxing and waning but there was
never and excessive growth of filamentous algae Toward the end of the second year sewerage fungus
appeared The channels were then emptied. washed out with clean water and the biofilter nnsed through and
exposed to sunhght for a few hours After that they were assembled agamn with tiles from one of the other
channels as seed Within a week, diatom growth was sufficient to sustain a new limpet population
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3.3.2 EFFECTS OF DIET ON GROWTH AND REPRODUCTION

(the assistance of Dr A Booth with stanistical analvses of the growth data is gratefully acknowiedged)

Aim
To assess the effects of three feeding regimes on the growth rates and fecundnty of B stenochorias, grown in
the laboratory

Introduction

One of the major problems encountered in the successful mamtenance and breeding of freshwater gastropods
n the laboratory has been the selection of surtable foods satisfying the basic requirements of a well-balanced
diet

Food 1s generally accepted as a major component of a population's environment. As with temperature, #t is
also considered to be a control parameter with significant interactions on rate of growth, and differences in
growth rate directly affect duration of life-cycles, size attamed at maturity (and therefore fecundity) and
survivorship (Anderson and Cummuns, 1979, Waters, 1979) The problems of quality and quantity of food are
likely to anse within laboratory cultures, particularly where there may be maximum densities, with the
possibilties of food shortages occurnng At two field sites, where separate populations of limpets were closely
monitored for a year, it became clear that dissuimular sizes were achieved by the resident populations
Examunation of the stones on which the impets fed showed a difference in the dominating species of algae
(namely unicellular diatoms versus diatoms and filamentous algae) This gives an indication of the possibility
of madequate nutnient supply with the laboratory-cultivated periphyton for the impets' sustained growth and
energy requirements for growth and reproduction. hence, it was decided to find a more sutable feeding regime
that would be readily acceptable to both hatchlings and adult hmpets with maximum egg production

Eisenberg (1970) showed very clearly with Lymnaea elodes that the mverse relationships between snail
density and mean size, mean number of eggs per egg mass, as well as total eggs were found to disappear with
food additives.  Food additives appear to also have improved the survivorship of the snails, and he presemts
evidence which indicates that the food iimnation in this snail 1s one which probably invoived accessory growth
factors Sumularly, Tetranun for young fish has been successfully used in the feeding of newly hatched
Biomphalaria n the snail breeding unnt at Potchefstroom Universty (Jennings et al, 1970).

Burnupia 1s presumed to be hermaphroditic, as with all other Ancylidae, and consequently the innate capacity
for increase 1s difficult to determine  Unlike the case for single event spawners, where the determination of the
gonadosomatic index and fecundity can be established from sacnficed animals, the establishment of fecundity
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in senal spawners necessitates the collection of live eggs as they are deposited The matter 1s further
complicated by the ability for self fertilisation to take place, with both partners theoretically able to lay eggs,

because the impets are hermaphroditic

In this expeniment the effects of the feeding regime on fecundity and breeding biology were addressed in terms
of
1. the fecundnty
¢ total number of eggs per impet/ average number of eggs per treatment
¢ average number of eggs’ capsule/ impet/ treatment
2. the breeding biology
¢ age at sexual maturity and reproductive penod
¢ reproductive penod as a proportion of hife span
¢ cgg-laying patterns

Method
1) 12 five litre acrated buckets lined with new plastic bags and filled with de-chlorinated tap water, were
set up n the Controlled Environment room at 20°C, 12 hours L/D. Algae seeded from one mixed
source, taken from numerous scrapings of rocks i the local river where impets are known to flounsh,
were cultivated on the plastic Dechlorinated tap water was also used as the top-up water source.
2) Into each were placed 20 newly hatched hmpets, previously measured for shell length. Four rephcates
of each were subjected to one of the following feeding regimes:
a) diatoms cultivated previously from the nver water
b) Nutrafin Fish Food The ingredients are fish meal, fish liver, roe, mult, brme shnmp, egg
volk, aquatic plants, kelp, day fly eggs, oatflour, wheatgerm o1l and cod liver oil. The

guaranteed manufacturer’s analysis 1s
crude proten 46%
fat 5%
fibre 8%

¢) previously cultivated diatoms and Nutrafin Fish Food
The hmpets were second generation lmpets from field collected parents. The parent limpets were allowed to
lay eggs in the laboratory for a two week peniod.
3) All impets were grown to adult size, approximately 3, Smm (53 days), and shell length measured
weekly. Food was not a imiting factor during this time. Mortality rates and water quality m terms of
pH and TDS were monitored



4)

5)

6)

7

When the first egg capsules were laid, paired impets were taken from those replicates that had no
capsules, and placed on one ule (previously seeded from the same source as above) per pair in
separate buckets, suspended within the water with fine netting This was to discourage the movement
of the impets from the tiles The feeding regime previously used for each pair was mamntamed, with
the exception of the Nutrafin Only (as algae had grown to approximately the same amounts in the
ongmnal contamers as i the Nutrafin and Algae replicates) As soon as an egg capsule was observed
for each pair of impets, the hmpets were separated agamn and one impet was placed m a plastic bag
n the same bucket as the partner These plastic bags had periphyton previously cultured on the
surface All ules and bags were mspected for capsules every two days under a stereo-microscope In
the bags the eggs could be counted immediately. The capsules on the tiles were marked by date and
the eggs were counted when the embryos became visible (usually 3-4 days)

The expenmental duration was 5 months, considered complete when the last limpet died

Curvilinear and linear models using the least squares method were fitted to the limpet sizes over time,
up to the point of mating and separation, to test for hineanty Growth rate models were drawn for each
feed, and indivadual ANCOVA's tested for any significant differences between the slopes.

For each treatment the fecundity was calculated as eggs per limpet per day, average eggs per limpet
per week and total number of eggs per impet per reproductive penod. Average population fecundity
figures include all hmpets from each treatment. The intninsic fecundity 1s taken to be the number of
eggs per capsule The fecundity rate is the number of eggs deposited i a given penod  The number of
eggs/capsule for individual impets and for treatments were compared by ANOVA  The life span,
reproductive penod, the total number of eggs and the total number of capsules were compared by
ANOVA and Kruskal-Wallis test for each treatment The pattem of egg deposition was analysed by
penodogram and autocorrelation  All statistical analyses were conducted using STATGRAPHICS §
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Results

Water quality.

Although time constramnts disallowed the nutnent analysis of water to be regularly completed, calcium did not
appear to be a limiting factor in terms of growth, judging by the condition of the shells Dissolved oxygen
(DO) levels were not monitored as previous expenence has shown the level of acration provided was sufficiont
to mamntain the DO levels above 85%

Table 33 2.1 Maximum, mumimum and average pH and TDS values for each treatment, replicates combmed

pH TOS pH TDS pH  TDS
m_ 2 @ ) INE))

maxumum 7.73 550 783 583 701 548
mmnimum 703 244 6 81 239 666 236
average 733 351 736 372 736 364

Cross-correlations of pH and TDS with weekly growth, within each replicate, indicate no correlation (p > 0 1),
suggesting vanation of the pH or TDS within the time of growth had no significant influence on growth.

Algae. Sampling of the periphyton growing on the plastic bags or on the tiles for identification or cell counts
was not carned out. However, superficially the periphyton appeared to be very similar to that grown n a
different expeniment, seeded from the same source and grown under relatively stmlar conditions, completed by
the Honours student Mrs M Balann Her investigations showed diatoms domunated the periphyton both at the
source of seed and in the laboratory, the dommant genera being Navicula, Gomphonema, Achnanthes, and
Cocconeis. Some fungal mycelial threads and colonies of bactenia were also present mn her tnals With the
addition of the Nutrafin within this feed tnal, and the likelihood of substantial bactenal growth, as indicated
previously, we assume that diatoms and bactena played the major roles in food source for the limpets.

Growth and Size.

Table 3.3.2.3 shows the average size of limpets reared on the three diets, with replicates amalgamated. The
standard deviation reveal the large degree of vanability in growth and ultimate size attamed .
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Table 3322 Mean size and standard deviation (s d Jof impets over ime (days) within the three diets
(replicates amalgamated) n = number of limpets

__Time | Diet | Diet 2 Diet 3
n xxsd n x+sd n x+sd
1 215 1.22+ 031 249 109£029 233 109+026
12 140 1821039 254 2161047 225 203+08
18 120 2242047 242 256+£047 213 209+ 057
29 118 265065 219 293+£068 193 269+054
43 114 3812078 187 337+065 174 295+£054
53 101 442+078 174 3814047 145 31622071

The nmial curvilinear and linear model testing showed the linear model to give the best fit for the data
especially over 53 days Regressions of the sizes attaned in the three feeding regimes, and subsequent
ANCOVA's to test for equality of slopes (with a significant F ., value) indicate a sigmificant difference i the

slopes:

Model r;
Nutrafin (Diet 1) y=00611x + 11075 0.794
Nutrafin & Algae (Diet 2) y = 0.0586x + 11418 0.746
Algae (Dset 3) y = 0.049x + ] 3889 0.713

(Fo. = 1097, p<005, df=23311)

The r* values confirm that the growth of the limpets within each diet is linear(Figure 3 3 2 2) If the growth of
ndividuals within each diet 1s compared with those in the other two diet using ANCOVAS the results of the F
ratios given below indicate growth 1(Nutrafin only) > growth 2 ( Nutrafin +algae) >3 (algae only). Results of
the ndividual ANCOVA's conclude that Diet 3 was significantly different in the growth of the limpets to Diets
land 2:

1-2 F=295 p>005 (1,2130 df)
1-3 F=743 p<00S (1,1988 4f)
2-3 F=5404 p<00S (1,2525 df)



Mortality

A large vanation in the mortality rates i1s shown in Figure 3 3 2 Iwhen the numbers of survivors in the three
feeding regimes are compared Initially the NUTRAFIN only diet shoed a higher mortality rate but this
decreased after 2weeks. This did not occur on the other two diets

40 y— v v -~
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Figure 3321 Vanation in mortality, as a pe;c;luge of the initial nmnbet;.flimpeu. between the three
feeding regimes
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Figure 3322 Regression lines of sizes of limpets through 60 days, showing variation between the three
feeding regimes
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Fecundity
Table 3 3 2 3 emphasises the extreme vanability in the fecundity of this species under expenmental
conditions resulting from both intrinsic vanation and early mortality Intrinsic vanation of such aspects as
the numbers of eggs per capsule, and the number of, and frequency with which capsules are deposited,
resulted n a wide vanation in the number of eggs per day (0 3-7 58), while early montality accounted for
fewer eggs due to shortened reproductive penods

It 1s evident from Figure 3.3 2 3 that the laying activity 1s not consistent among hmpets Some limpets
(2a2, 2a4, 2b4 and 2b11) demonstrate greater laying towards the end of the life span, while others
decrease the number of capsules laid with ime Fewer than 20% of the population survived after nine
weeks and all hmpets in treatment 3 (algae) died by the end of the experiment If the infertile amimals and
limpet 2a3 (562 eggs) are disregarded (n=28), hmpets with a hifespan of between 12 and 32 weeks can lay
between 5 and 326 (avg 105 (14.52)) eggs m a penod of 5-128 (avg 38 (4 95)) days at a deposition rate of
between | 8 and 7.6 eggs per day Inclusive calculations (n=34) result in an average hfespan of 154 (5.0)
days, with an average of 103 (19.4) eggs in an average reproductive penod of 36 (5 63) days (taking nto
account that the mortality rate was high)
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Table 3323 Fecundity values recorded for all the limpets used 1n the expenments.  All decimal places rounded
up 10 one and standard error to two. RP = reproductive penod (days). LS = life span (days). s¢ = standard error
weggs/day = # eggs divided by reproductive penod

Rep (mm) RP#davs Wegps  #caps _avgeggs'cap # eggs/day  LS(davs)
2al 55 28 70 16 50(63) 2.5 143 5
2bl 6 42 114 21 S4(51) 27 154
222 53 38 134 24 5.4(.28) 35 147
2b2 50 0 0 0 0 0 77
223 58 132 562 81 7§ 26) 43 210
2b3 55 70 191 45 4.2(36) 28 154
224 “ 39 6 14 40025 14 154
2bd 53 27 40 11 36(47) 15 140
2a8 55 29 91 13 T 37) 31 140
2bS 60 70 184 14 54(39) 26 154
2a7 s8 40 178 27 6 .6( 48) 45 154
2b7 53 43 326 37 8 8(43) 76 154
2a8 83 14 32 s 64(.75) 2.3 19
2b8 58 44 189 24 8 0(.68) 43 147
2al0 5 17 5 s 1(63) 03 91
2bl0 $3 17 31 7 4.3(.88) 21 84
2all 6.0 128 234 40 5.9(33) 18 224
2bl1 55 S0 106 27 42(41) 2.1 196
Jal s 28 86 15 $732) 37 112
bl 48 20 36 7 5.1(.40) 18 98
3a2 5 74 149 28 53(39) 20 154
b2 55 0 0 0 0 0 154
3a3 53 42 105 20 5.3(.53) a3 147
ib3 45 0 0 0 0 0 119
Jad L 55 146 26 S 8(48) 27 147
I s 13 34 7 50(.26) 26 105
3as . 64 167 28 6.0(29) 26 140
3b5 s 30 62 10 6.2(.53) 2.1 112
3ab 53 26 9% 14 6.4(.46) 3s 119
b6 55 11 40 8 S.0(.78) 36 105
3a7 Kl 6 11 4 28(11) 18 119
b7 43 0 0 0 0 0 140
3a8 R s 28 5 5.6(.68) 56 119
b8 43 0 0 0 0 0 112
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Figure 3323 Pattern in cgg laying penodicity of individual limpets in treatment 2. The active days are black
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Table 3324  Average fecundity values for the two treatments with all kmpets included
RP = reproductive penod se = standard error

Treatment  avg RPyse) mun/‘max RP ave # max/mmn  ave # mn/max CEes o/ mas
cpgsise) 8 cgps cap (se) cap cap (se) epgvcap

2(n=18) 46885) 14/132 davs 1413217y 562 23 6(4.55) 2m1 SI%NS2) 10%8%

Jin=16) 236(6.1) 5/74 davs S96(1441) 111167 1072 49) 427 A 63) 2864

Table 3325 Average fecundity in two treatments with outhers excluded

Treatment RP TN # cpgs min/max ¥capsules o/ max
2 (816) 43.5(6.9) 27132 123821 .89)  40/326 21.%3.1) 11/81(40)
I (eI 31(6.6) 1174 79(15.29) 36/167 14 32.6) 728

Table 3326 Average population response in the two treatments.

Treatment  Ave longevity % Inferule % low fertility % of lifespan reproductive
2(#18)  21(1.28) weeks 5% 16% 285
3(#16) 18( 67) weeks 25% 31% 24.7

Breeding biology

Mating was observed infrequently and usually took place carly in the day No stacked mating (Bondesen,
1950) has ever been observed in this species i any of the expenments. In this expeniment sexual maturity
was reached 10 to 12 weeks after hatching and the mode for life span was 22 weeks, eggs are therefore
possibly produced for about 50% of the life span of a impet The average productive peniod recorded and
calculated n this experiment 15 between 24% and 27% of the recorded lifespan Limpets (2al1, 2a3) with
life spans i excess of 28 weeks also reproduced the largest numbers of eggs (562, 234) although the
animal with the highest ntrinsic fecundity rate (7 58 eggs/day and 8 8 (0 43) eggs/capsule) lived for 22
weeks, which was closer to the average (Table 3323)

The laying frequency and pattem of the impets i1s charactensed by spurts during which at least one and
sometimes more capsules are deposited every night followed by rest periods  Although an attempt was
made to establish the penodicity by periodograms, it was not successful Figure 3 3 2 3 gives an indication
of the laying patten which was recorded in treatment 2 at 20°C. The number of sequential laying days are
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Figure 3324  Average number of eggs per week for all
fertile limpets, with the percentage of survivors cach week
(solid line)

Influence of the rearing methods

The addition of Nutrafin to the reanng
contamers (treatment 2) of the limpets had a

contrasted with the followng number of rest
days As can be seen, the pattern 1s not
universal and some limpets show penods of
high activity early on m the laying period while
pthers seem to peak immediately pnior to death
If the average number of eggs per week are
calculated for all the fertile mpets mn this
expeniment, a fluctuation m number with time
can be discerned (Figure 3 3 2 3) The laymng
penods vaned from | - 15 days and rest penods
from | - 40 days. The average number of eggs
per week declines with time In Figure 3324 1t
can be seen that the largest percentage of the

-total eggs numbers were laid in the first four

weeks of the reproductive penod.

clear effect on the overall fecundity of the
limpets (Table 3324 and 332.5) Asthe
vanances were not homogeneous and the
data set was non-parametnc, a Kruskal-
Wallis test was conducted in addstion to the
ANOVA. When all impets were included in
the two tests, the differences between
lifespan (=4 2, p=0 047(A) p=0 03(K-W)),
laying penod (f=4 6, p=0 037(A)

p=0.039%(K-W)), total number of eggs laid '
(f=4.9, p=0 033(A) p=0.024(K-W)) and the
numbers of capsules (f=5.77, p=0.022(A)
p~0.025(K-W)) proved to be significantly

different when a multiple range analysis was

&~ goaiment 2~ Tealtment I

y-a o o Figure 3.3 2 5 Average number of eggs per week in
performed. The intrinsic fertility rate i
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(eggs/capsule of 5.2 and 4 0 and eggs/day of 2 68 and 2 10 for treatments 2 and 3 respectively,
surpnsingly did nor show significant differences (p=0 16(K-W)) However, as the laying penod was
longer in treatment 2 (Table 3 3 2 5) and the amimals lived longer, treatment 2 (Table 3 3 2 6) had higher
overall feriiny.

If the outhers such as hmpets 2b2, 2a3 3b2 3b3 3b7 and 3bE are removed from the data set, the
significant differences disappear  The average fecundity data can be found in Table 3325 These
figures can be taken as the fecundity of second generation, fertile from a pristine nver, when cultivated i
the laboratory. These data were then used to determune the reproductive penodicity of the mpets Figure
3 3 2 S shows that on the average, fewer eggs per week were produced m treatment 3 than in treatment 2
However, m treatment 3 the reproductive activity increased in weeks 7 and 8, in treatment 2 the increased
activity can be seen in week 4, although there was an increase in average egg numbers in week 8

Ferulity

Practically, hatching rates were difficult to determun However, it was noted that 27% of the limpets lad
either one or more capsules which showed some form of developmental abnormalnty, frequently laxd
towards the end of the reproductive peniod Some capsules were stenle while others showed partial
stenlity, and yet others showed differential development of the embryos with some embryos lagging as
much as 10 days behind the most advanced in any one capsule Limpet 2a2, which showed the greatest
abnormalities in eggs laid, had 13 out of 24 capsules develop unevenly These capsules were laid in the
muddle of the laying penod for 20 days after which normally developing eggs were laid

The average numbers of eggs per week decreased later in the laying penod Figure 3 3 2 5b) gives an
mdication of the percentage of eggs deposited in the vanous stages of the reproductive penod

Discussion and Conclusions

Food
Choice of food
Food choices of freshwater gastropods are not constant but may change over time or with the age of the
ammal (Skoog, 1978) Food preference may be related to hunger levels (and where young are presumed
to grow at a faster rate and therefore demand more food) (Calow, 1973), and selection may also be based
on the quantity (Daldorph and Thomas, 1988) and quality of food (Calow, 1970, Eisenberg, 1970,
MacMahon er al, 1974)
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Little 1s known about the ability of freshwater pulmonates to select from within the spectrum of algal
foods available to them Many herbivorous mvertebrates m freshwater habrtats are considered to be
generalist feeders (Cummuns, 1973) and algae consumption 1s usually dependent upon the relative
availabilty of foods (Gregory, 1983) However, discnmmation between algae has been descnibed
according to algal class (Calow, 1970, Imne ef al, 1990), food particle size (Levinton and DeWnt,
1989), taste (Daldorph and Thomas, 1988) and carbon to nitrogen energy values (MacMahon er al,
1974) Work by Calow (1973) shows very clearly that Ancyvius fluvianlis (Ancyhdae), which has the
same method of rasping action in order to acquire its food as Burnupia, actively seeks out algae m
preference to, although also consumung, hichen, bactena, detritus and fungy Calow mamntains that in the
absence of epilithic algae, ichen may be used but it results in less rapid growth and must be considered
as a less nch energy source In 1973(a) he showed that the preferred algae were the diatoms  Burnupia 1s
very likely a micro-herbivore grazer with the same preferences

There is some evidence that certain gastropod grazers select algae relative to the position, mode of
attachment, and size of the algal cells. Blinn er a/ (1989) suggests from studies that the freshwater hmpet
Ferissia fragilis (reaching maximum shell length of 4mm) preferentially scrapes off the adnate
understory species rather than the larger over story diatom species accessible to the larger gastropods
and preferred by many msects (Lambert: and Resh, 1983, Stemnman er a/, 1987) The choices made by
Ferrissia may be a function of both shell morphology and the radular architecture of the limpet
Observations of live Ferrissia revealed that the front edge of the limpet shell was so close to the leaf
substratum that upnight and stalked diatoms were frequently clipped off or pushed aside by the front edge
as the limpet moved forward The adnate cells remamning were scraped by the small, stout radular teeth
Burnupia did not demonstrate this behaviour, but clearly clears a path as it sweeps ts head from side to
side, a rasping action similar to, for example, A fluvianlis and Bulinus tropicus. as opposed to the
combing action used by Physa acuta where particles loosely attached or deposited on the substratum are
collected (Brackenbury, 1989) A “"cleanng of the path” would also allow small sand gramns (mineral
particles) to be picked up, potentially important as they allow greater trituration of food (Hunter 1980),
of particular importance in the digestion of diatoms which Calow (1970) suggests are less efficiently
assimulated than green filamentous algae due to their high ash content and protective exoskeleton. A
companson of the inter-cusp gaps of teeth on the radulae of Burnupia with Physa and other gastropods
would clanfy the potential food ntake of Burnupia, as would gut analyses.

Quality of food

It 1s acknowledged that bomb calorimeter analyses of samples of limpets would determine energy values,
and provide a more accurate measure of the suitability of the different feeds and subsequent growth of
the himpets However, too many newly hatched limpets were required to obtain a great enough weight for
the bomb calorimeter to show results, and consequently this method was not used
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Diatoms are charactensed by their frustules that consist mamly of silica Their carbon content per unit
weight 1s known to be lower than in green algae (Calow, 1970), and the consequent lower ratio of C'N
levels (considered a measure of relative protem content) 1s considered a good food source (MacMahon er
al. 1974) However, at certamn times trace element content, vitamuns, essential ammno acids, and other
factors may be more important for an animal than overall organic content alone Nutrafin's content of
crude protem, fat and fibre provides an ideal medium for the growth of bactena, and these bactena will
be an important source of Vitamun K in particular, but also other essential vitamuns needed for the
growth of the impets (Daya, pers com) Some of these bactena will also break down the crude protemn
nto 1ts constituent amuno acids, making the amino acids available for use by the limpets Bactena are
always present i the water, even treated tap water (Paprener, 1980), but mn small quantities This
buildup in bactena i the buckets would have taken some time with very hikely a low bactenal count in
the first few days The Nutrafin-only replicates began with relatively stenle contamers, with Nutrafin as
the only food source Mortality in these replicates was very high to begin with (Figure 332 1)
suggesting bactena played a greater part in the feeding and growth of the limpets than the Nutrafin in the
first 12 days of the expenment Mortality was lower i the Nutrafin replicates after the initial loss, when
compared to the other feeds. A Microbiology 111 student wall attempt to analyse the bactenal counts in
the contamners and possibly in the limpets’ guts in 1998 in a repeat of the feeding regimes

Jennings et al (1970) found Tetramun staple food showed greater number of eggs produced and quicker
growth rate and mass increase with Biomphalaria pfeifferi, Bulinus spp and Iymnaea natalensis,
compared to 4 other, well used snail foods, including lettuce and Standon's snail food (Mahoney, 1966)
Tetramun B 1s also the standard food source for the mass cultures of Hexagenia mayflies used
extensively for toxicology testing in the U S A (Lawrence, 1981), where subsequent algal growth, as
found in the above tests, acts as a supplement

From the condition of the shells, which appeared normal, it seems that calcium was not limiting

Individual variability
The figures in Table 3 3 2 2 reveal the vanation of growth within individuals over time, under the same
conditions of temperature, water quality and feed availability, and underline the difficulty in analysing
for growth from length frequency data alone.

Reproductive biology and fecundity
Ancylidae deposit their egg masses pnmanly during the night-time (Berg ef al., 1958) beneath stones
(Geldiay, 1956), observations within this expenment once again confirmed Burnupia to do the same,
continually depositing on the underside of the tiles.
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Factors which influence fecundity

Both abiotic and biotic factors mfluence the fecundity Abiotic factors such as the quantity (cumulative)
and quality of temperature (nsing and falling), day length and water quality, particularly with regard to
calcium and magnesium (Appleton, 1978), have all been shown to mnfluence the reproduction of
molluscs Among biotic factors, diet (Aldndge, 1982), density and mating opportunity (Eversole, 1978)
seem to be the principal factors influencing reproduction, with many different mechamisms implicated,
ncluding trophic himitations, and metabolite accumulation in the environment (van der Steen, 1967)
McMahon (1975) reported a clear correlation between quality of food and eggs per capsule The higher
the protemn content of the peniphyton, the greater the number of eggs per capsule. Sumular results were
obtamned by Hunter (1975) and Burky (1971) for /* rivularis. and by Russel-Hunter (1953) and Geldiay
(1956) for A fluvianlis Interpopulation vanations of ecophysiological charactenstics also occur and
have been studied n North Amenca and Europe by Russel-Hunter e7 a/ (1970), Burky (1971) and
McMahon (1973) Such trans as mean number of egg capsules per adult, tme of maxamum activity and
spawning, and the necessity for cross-fertilization vary between populations (Russel Hunter, 1961,
Streit, 1976)

Reproductive biology

Strent (1985) gives a useful synopsis of the available knowledge of the European nver hmpet, which we
regard as the basommatophoran which most closely resembles B stenochorias. A flumanlis 1s wadely
distnbuted throughout Europe and North Afnca (Hubendick, 1970) and usually has an annual hfe-cycle
(Russel-Hunter, 1953, 1961, Lamberet, 1966, Strert, 1976) [Egg laying in spring 1s nmtiated when
ambient temperatures reach 7-10°C. Roughly 10 to 20 egg capsules are deposited by each mdividual
over the entire life-span (Russel-Hunter, 1953, Geldiay, 1956, Lamberet, 1966) Eggs are laid within
capsules contamning 1-13 eggs, but most frequently 4-6 (e g. Geldiay, 1956), and they are considered
very large in size when compared to other gastropods of simular size (Bondeson, 1950) The hmpets
hatch in an advanced stage of development as crawling snails, with a shell aperture length (AL) of 0 8-
| Omm (Lamberet, 1966) Egg-laying often starts at an AL of Smm, 50% of maximum length reached
(Strext, 1975), but populations differ shightly m thus respect

The results of this tnal indicate Burnupia to have a very similar reproductive biology to the European
limpet A fluviatilis. Differences i hifecycle and number of generations per year are discussed in Section
321

Variabiluty

It has been observed in this expeniment that some capsules are stenle while others show partial sterility,
and yet others differential development of the embryos with some embryos lagging as much as 10 days
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behind the most advanced m a capsule This had no correlation with feeding regime  The natural
vanation in the intrinsic fecundty is 1-13 eggs per capsule The vanability of fecundity observed n this
expenment was related to this intrinsic vanation, and the mcidence of early mortalty, which m tum
lowered average fecundity Vanation of other aspects, such as the number and frequency with which
capsules are deposited, contnibuted to the vanation in the daily fecundity rate of 0 3-7 58 eggs per day

Manng systems

Like mosi pulmonates, the Basommatophora, to which the famuly Ancylidae belong, are simultaneous
hermaphrodites  Fifty species have been shown to be self-fertile (Jame et al, 1991) although outcrossing
seems to be the preferred mode of reproduction However, the ability to self-fertilise has been
demonstrated i B stenochorias (Haigh and Davies-Coleman, 1997). A fluvianlis is polyplowd and
there 1s evidence of a high degree of self-fertilisation, even when allosperm is available, with a minimum
population outcrossing rate of 10 3% The mating systems of the Basommatophora are highly
heterogeneous, however, and i the populations investigated by Stadler (1995), some families showed an
outcrossing rate above 50% while i other families selfing was predommant or high. Multiple paternity
appears to be limited

Jame & Delay (1990) examuned the effects of self fertilisation and cross fertilisation in Lymnaea
pereger. Cross fertilisation resulted n a larger number of eggs laid, and young hatching and reaching
sexual maturity. Jame er @/ (1991) provided simular evidence with Bulinus globosus where selfing
snails and snails produced by selfing were less fit in terms of fecundity and the hatchability of their eggs
Data on other Basommatophora have also provided evidence for an inbreeding depression  Boycott ef al
(1930) showed that with pulmonates, allosperm can be stored and remain viable after copulation, but as
it becomes exhausted or close to dying, the self-fertilisation rate gradually increases (Duncan 1975)
Vianey-Liaud (1976) observed a decrease of 40% in the number of eggs laid in Biomphalaria glabrata
when companng snails dunng a grouping period with the same snails one month after 1solation. It was
suggested that snails had exhausted their allosperm and had progressively switched to self fertilisation.
In this case, previous copulations did not prevent an inbreeding depression (estimated by the number of
eggs lad) Vianey-Liaud (1976) reported a decrease in both eggs/clutch and clutch deposition rate in
isolated Austrolorbis glabrata. The mfluence that the utilisation of allosperm and autosperm have on the
energy allocation during the reproductive process is not clear

Whereas fecundity 1s the reproductive capacity of an mdividual or population, the fertility 1s the actual
number of live births per female members of the population. In this expenment, where the limpets were
split from the pairs into isolation, it was found a number of these isolated limpets (5 out of 34) were
infertile until death. The question anses, despite each pair being separated after mating, as to whether
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the "male” of the pair mated as a female wtself, /e dud /¢ recerve sperm from the other hmpet” If not, did
this in tum have an effect on 1ts ability to produce offspring” Was bemg mated as a "female” necessary
to mitiate egg production” The suggestion that it 1s, 15 contrary to previous expenments (Haigh and
Dawvies-Coleman, 1995) where although there was a decrease m fecundity among himpets reared i
1solation, they nontheless self-fertilised Did the food quality also influence this mability to produce eggs
(4 of the 5 were fed on algae only)” It appears it could have mfluenced fecundity

From thus study of B stenochorias. protandrous hermaphroditism cannot be determuned Field collected
snails have been sectioned in an attempt to determune the maturation sequence of the gonads, but these
have still to be analysed and wall be published (Davies-Coleman er a/, m prep )

The effects of diet on the fecundity rates in this expenment were not significantly different but the
influence of diet on other aspects which influence total fecundity, such as extended lifespan and laying
penod, resulted in significantly higher numbers of eggs from those animals reared with the addition of
“Nutrafin” The results obtaned in these expenments can be used as a guideline to the possible fecundity
of Burnupia cultured under these condrtions in the laboratory The possibility of using the intrinsic
fecundity as a biomonitoring tool requires further investigation



3.3.3 GROWTH OF LIMPETS IN BASKETS PLACED IN THE BLOUKRANS
RIVER.

Introduction

Through analysis of the year's field data accumulated through 1995 and 1996 from monitoring two
natural populations, mformation on the number of cohorts expected each year, the egg laying penods,
and the calculated VBG Model were acquired (Section 3 2 1) Sumularly growth data was obtamed from
the C E Room feeding expenment, with its uncertamnties and downfalls of analysis of growth
considening the artificial conditions of 20°C and 12 hours L/D (Section 3.3.2) In order to link these two
sets of data, it was considered necessary to compare the actual growth of a group of impets of known
age, under natural conditions Limpets of known age were placed into replicated baskets in Bloukrans
River in an area close to the Belmont River site and their growth was analysed, and compared to that of
the C E Room and the VBG Model calculated from the year's data

Method

h Limpets of the same parent group as those used in the C E Room expenment, and therefore of
known age, were hatched (September 1996) in 6 plastic bags already seeded with algae from the
nver These impets were measured for shell length, and excess numbers removed so that an
equal number were left in each bag

2) Bags were then tumed mside-out, a rock was placed into each one and the bag was tied, so that
the bag acted as a skin over the rock Each bagged rock was then placed into a large plastic
laundry basket, with its open sides covered in 350pum mesh to prevent impets from either
enterng or leaving the basket The tops of the baskets remamed open to the air The baskets
were placed in the Bloukrans River, anchored to npanan vegetation Flow of water stll occurred
through the mesh

3) Limpet shell lengths, with pH, temperature and TDS of the water were measured weekly. Debns
which had collected around the mesh was cleared to ensure continued water circulation

4) Resulting growth curves were compared to those of the C E Room by means of regressions, with
ANCOV As testing the equality of the growth equations The observed average length for the
hmpets 1s compared to that predicted by the models for the two natural populations (Section
3 2 1) after the same number of days' growth

Results

Out of season flooding tumed the baskets onto their sides and consequently some limpets were swept
away, the tnal was therefore abandoned after 35 days At 400uE light was adequate when tested early in
the moming and late in the afternoon, despite the heavy npanan vegetation Table 3 3 3 | shows the
average, maximum and mumimum pH, TDS and temperature values recorded. Table 3 3 3.2 gives the
regression models for each of the feeds and the baskets when compared to each other, with ANCOVA
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results on all equations mdicating the significant differences between the growth rates Figure 3331
graphically represents these regression lmes. Table 3 3 3 3 shows the results of the ANCOVA test
comparing the individual regression equations of the limpet growth i field baskets and the three feeding
regimes, indicating where the growth 1s considered significantly different It can be seen that a diet
contaming Nutrafin result in growth rates which as not significant different, as previously shown, Those
limpets reared in the nver under sermi-natural condtions showed sigmificantly less growth than any
limpets cultured m the laboratory

If the VBGE 15 used to draw a growth model for the first 40 days' growth, on the basis of the predicted
sizes from Section 3 2 1, where t, = 0, and this model 1s compared to that of the baskets (Statgraphics
5), the differences between the slopes (F = 2,13251, p = 0,1462) and the mtercepts (F = 0 950776, p =
0.331) are not significant This suggests that the VBGM has accurately predicted the growth of the
limpets for the first approximately 40 days’ growth, as a result of the length frequency data analyses
when compared to the growth of the limpets in the baskets Both the baskets and the predicted growth
model analyse growth at the begmnning of the summer ie beginning m the latter half of September. It was
presumed that the food provided m the form of seeded algae (mamly diatoms) on the plastic bags i the
CE room vaned lntle from one bag to the other. However, as growth relies heavily on the quality of
food, as previously indicated, all replicates were combined before comparing with the three feeds and the
VBG model

Table 333 1 Average, maximum and mummum temperatures, pH and TDS recorded over the 35 days.

Maximum Minimum Average
Temperature 16°C 13°C 14.1°C
pH 731 689 704
TDS 707 580 620

Table 3332 Regression models and result of ANCOVA, indicating a sigmificant difference between
the growth rates of the three feeds and the baskets

n model R*
Nutrafin 707 y=0059x + 1127 074
Nutrafin & Algae 1151 y =0059x + 1335 064
Algae 1038 y=0053x + 1 335 0.66
Basket 559 y=0046x + 1367 0.50

ANCOVA F (3,3448 df) = 26235, p < 0,05




Table 3 3 33 ANCOVA results comparing the growth equations of the baskets with that of the three feeding
regames of the C.E Room. 1 = Nutrafin only, 2 = Nutrafin and Algae, 3 = Algae, 4 = Baskets

Companson F values P values df
1-2 0.0059 >00S 1 1858
1-3 1233 <005 1.1745
1-4 27.607 <005 1.1266
2-3 12.52 <005 12189
2-4 54 69 <005 1.1710
3j-4 7.29 <005 1.1597
@
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Figure 33 3 1 Comparison of regressions of the growth of the mpets on the three feeding regimes with
the growth in the field baskets, combining all replicates. Days refer to the age of the limpets, 35 of which
were spent in the niver

Discussion

The F ratios (Table 3.3 3 2) mdicate only the diets contaiming Nutrafin have similar growth rates Even though
the baskets are almost the same as the Algae feed, there 1s stll some significant difference in the growth rates,
possibly explamned by the difference in the length of the expeniment, as well as the environmental vanability
with the baskets: the experiment with the baskets was too short, and was overridden by the vanation in the
environment. It is not surpnising that the growth under the constant conditions of temperature and light gave
faster growth rates to that found i the baskets. For the purposes of culturing the limpets, the C. E Room must
be more ideal than in natural conditions of fluctuating temperatures, particularly when the degree days
accumulated over the growth peniod are considered (Figure 1 3.3.2). The CER had accumulated double the
the amount of degree days to the natural environment , over similar period
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Figure 3332 Accumulated weekly degree days for the impets grown in baskets compared to
those grown i the C E Room, for the penod of growth the mpets were in the field.
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3.3.4 SEXUAL DEVELOPMENT
Introduction
Basommatophorans are adapted to vanous habtats, and have developed numerous strategies with
regard to sexual development and life cycles m order to deal with the challenges that the local condrtions
portray Hermaphroditism 1s the only method of reproduction in the Basommatophora, and is
advantageous to the freshwater setuation, particularly where mdividuals may become 1solated or are in
low densities, as they are capable of reproducing by self-fertilisation (Geraerts and Joosse, 1984) The
pulmonates have a smgle gonad, an ovotestis, in which there is simultaneous production of eggs and
sperm_ Slight protandry does occur in the pnmitive pulmonates of the Ellobudae, but also in some of the
higher pulmonates, such as the Physa spp (Physidae) Laevapex fuscus 1s a highly evolved temperately
distnibuted ancylid freshwater impet, entirely aquatic m 1ts development as observed through the
development of nts respiratory system (Russel-Hunter and McMahon, 1976), it too shows protandry,
indicating that protandry is not necessanly a condition found only in the less evolved species. Protandry
may therefore occur in Burnupia stenochorias.

During the investigations of Burnupia stenochorias it has been observed that, below a certan shell
length, the mpets do not lay any eggs If & steniochorias 1s to be cultured in the laboratory for the
purposes of toxicology, and individuals are to be used for tests, information as to what size (/e shell
length) the mdividuals can be used, having already laid some egg capsules for the continued production
of the culture within the laboratory, 1s needed If protandry exists in some form, male fecundity may be
related to size and therefore mobilty. Russel-Hunter and McMahon, (1976) and mformation as to the
average shell length of newly fertile males 1s needed

The orgamisation of the pulmonate genital system 1s well documented (Fretter and Peake, 1975)
However, mvestigations relating to pulmonate hifecycles and gonad development have been few m the
Northem hemisphere, and none in the Southern, or in Afnica Oberholzer and van Eeden (1969) give
details of B. moviensis. but with no indication as to the seasonal development of the gonads, similarly,
only the sperm structure of B. stenochorias has been descnibed by Hodgson and Healy (1997, in press),
with no further studies of presence or absence of sperm in individuals throughout the year

Method

1) A range of sizes of B stenochorias were collected each fortnight for 52 weeks from both the Belmont
River and the Manley Flats sites (Section 3 2 1), preserved in Bouins Fluid for later analysis.

2) A sample of 62 limpets were drained of the fluid, embedded in paraplast, sectioned in TS form to
10pm, and stained according to the Haematoxylin and Eosin Method (Hodgson and Berard,
1902)
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3) Sections were mounted on Haupt's gelatine and sealed with DPX mounting medium

4) Analysis of the development of the ovotestis relative to early and late spermatogenesis and
developing and mature ova were made, companng results relative to source of himpet,
size (relative to shell length, width and height) and season collected.

Results

The sections confirm B stenochorias to be a simultaneous hermaphrodite. Although accurate counts of
the number of acu n the sections could not be made, the description given (below) by Oberholzer and
van Eeden (1969) for B mooiensis accurately descnbes the gonad morphology and histology of

B stenochorias. The ovotestis is situated i the postenior quadrant of the body, being a roughly sphencal
gland composed of up to 28 elongated follicles or acini, more or less separated from each other at their
apices. These acmi are also found behind the postenor shell muscle Proceeding from the base of the
acinus towards the apex, the germmnal epithelium shows various stages in the production of male and
female elements, such as cogoma, nurse cells, sperm cells and Sertoli cells There 1s no differentiation
between male and female zones in the acinus, and both kinds of sexual elements occur intermingled.
During the carly stages of sperm development the Sertoh cells, to which the developing sperm are
attached, are closely associated with the wall of the acinus  During the final stages of this process, the
Sertoh cells seperate from the wall of the acinus and float freely in the lumen until they finally
disintegrate, thus liberating the mature sperm

The results of the ovotestis development of a selection of the limpets collected from March 1995 to
February 1996 are given in Table 3 3 4 1. With the difficulty in estimating the percentage of body mass
or volume of the ovotestis to the remander of the body,only estimations of the proportion of each of the
stages of development relative to each other are given In some limpets, approxamately 80% of the cross
sections of the limpet were filled with ovotestis and developing sperm, i others, this was very small
(approximately less than 15%, even when there were mature ova present) Oocytes were clearly visible
within the transverse sections We were not able to discem the penis, which, although absent in some of
the Ancyhidae, was descnibed in B mooiensis by Oberholzer, (1963)
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Table 3341 Collection data and gonadal condition i a sample of some of the transverse sections of
B stenochorias Date refers to the collection date MF=Manley Flats site, BR=Belmont River site,

E S =early spermatogenesis, L S =late spermatogenesis, D O =developing ova, M O =mature ova ***

= domunates the gonadal development, ** = present in large numbers but not dommating, * = present in
small numbers

Secason Date Sne Length ES LS DO MO
carly 11/05 MF 323 . .
Winter 11/05 MF 377 o . e .
(1995) 11/08 MF 462 . e e
12/05 BR 3 o
12/05 BR 346 o o
12/05 BR ie2 o o
22/06 MF 269 o
22/06 MF 292 . . .
Wnter 22/06 MF 408 oo . e .
(19905) 22/06 MF 462 . o o .
23/06 BR 362 . .
23/06 BR 339 oo .
23/06 BR 423 wee . . .
4/08 BR 285 - o oo .
Spnng 17/08 MF 554 oo . . .
(1995) 18/08 BR 323 . . .
14/09 MF 362 . . e e
14/09 MF 539 . . . .
14/00 MF 6 . . .
26/10 MF 5 . . . .
Summer 26/10 MF 5 . .
(late 2710 BR 385 . . . .
1995) 2710 BR 431 . . . .
21/12 MF 307 . . . .
21712 MF 35 .. . . "
22/12 BR 38 . . . .
(early 19/01 MF 239 . .
1996) 19/01 MF 385 o .
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22/01 BR 292 - -

22/01 BR 492 . . . .
1/03 BR 28 . . .
(l;lgllogl 1/03 BR 32 ° . .
13/03 MF 28 .. .
13/03 MF 3s . . . .

All overwintering limpets (as depicted by those sampled n May to July) which were greater than 3mm
shell length displayed ovanan maturation Development vaned, but all displayed early, and the majority
displayed late, egg development. Those himpets less than 3mm shell length had only immature
spermatogenesis, with the exception of a hmpet with shell length 2 92mm which also had developing
ova There appears to be a correlation between increase in the presence of early and then also late
spermatogenesis with increase in size of impet, with the exception of the individual of 4 62mm shell
length which had no early spermatogenesis and very Iittle mature sperm  During this overwintening
penod, late spermatogenesis was only present in those himpets with shell length > 4 08mm_ The
development of sperm appeared to increase i June in those limpets 4 23mm shell length and larger. The
himpet of length 2 92mm (preserved 22/06/95) was an exception in that it displayed both early
spermatogenesis, and developing and mature ova  The ovotestis in all hmpets was, as a whole, rarely
larger than 25% of the body mass through the winter months, unlike Physa fonninalis where the
ovotestis occupies approximately 50% of the body mass (Duncan, 1959)

As temperatures rose in August and September (Figure 3 2 1 2 a), individuals vaned in their
development relative to their shell length Despite the average shell length of impet onginally sampled
at the MF site generally bemng longer than at the BR site (Figures 32 1 S5and 3219, Table 334.1),
the number of ova did not appear to differ noticeably between the MF and BR sites. Sperm development
differed substantially, however. The MF limpet of 6mm shell length (collected 14/09/95) had no early
and very Inttle late spermatogenesis in September, the peak of egglaying (Section 3 2 1, Figures 3.2.1.9)
Vanation was also seen with those limpets of approximately 3 3mm to 3 6mm, where there was erther a
domnance of deveioping or mature egg deveiopment, or fewer eggs and no iate spermatogenesis. Agamn,
a limpet of shell length < 3mm (2 85mm) showed both developing and mature eggs and sperm.

As the year progressed through the summer (late 1995), all stages of gamete development were equally
as dommant in the sections of the majority of limpets, with the ovotestis occupying up to 50% of the
body mass. However, from January to March (1996) limpets had fewer late spermatogenesis and
particularly few mature ova, not surprising when the egg laying decreases considerably i the field
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(Figures 32.16, 7, 10 and 11). Both cogenesis and spermatogenesis were present in the hmpets with
shell length < 3mm collected from both the BR and MF sites.

Discussion
Control of the reproductive cycle n pulmonates is both internal (in the form of endocrine control) and
external (in the form of short and long term stimuli). These internal and extemal forms of control are
directly linked, but are also interdependant with the growth of the hmpet (Geraert and Joosse, 1984).
Short term stimuli usually revolve around water quality, often with water hardness, but primanly with
levels of dissolved oxygen, ter Maat er a/ (1983) demonstrated a 90% increase m ovulation and
oviposition of /. ymnaea stagnalis with a change from dirty to clean or well oxygenated waters. Long
term stimuli nclude temperature, food, mating, crowding, photopenod (although this refers to those
pulmonates in the temperate regions) and lunar cues (for manne pulmonates)

Temperature is the most important factor determmning growth, and therefore time of onset of the
breeding season (Duncan, 1975, Russel-Hunter, 1978) The maturation rate of the reproductive tract
(Thomas and McClintock, 1990), the ratio of development, and consequently the nitiation of
oviposition and the intensity of breeding, are all directly nfluenced by the ambient temperature Critical
lower temperatures for intiation and subsequent control of spermatogenesis (Joosse, 1964) and
oviposition have been reported for vanous basommatophorans (e g Duncan, 1959) McMahon (1975a)
suggests this critical temperature 1s 10-12°C in temperate regions. Tropical Biomphalaria in Brazil has
a critical temperature of 15°C (Duncan, 1975), although Gereart and Joosse (1984) suggest this critical
temperature may be where npe oocytes may be present but not necessanily ovulated. The temperatures
measured at the two sites studied duning 1995 and 1996 (Figure 3 2 1 2a) indicate a continual drop in
temperature from May to a minimum below 10°C through the winter months of June and July, nsing
again in August. However, 1t is only in those limpets less than 4mm shell length that pnmary
spermatocytes persisted in winter, with some mature sperm. Limpets greater than 4mm shell length
continued in their development of both eggs and sperm n June and July, presumably accounting for the
eggs laid through the winter months. A sumlar study of Physa acura (Perrn, 1986) noted that field
temperatures affected the sexual maturity of the cohort, with summer maturation more rapid, hence
individuals were younger and smaller Winter individuals delayed maturity with poorer fecundity,
although larger individuals produced eggs through the winter phase

Temperatures may have agan been critical duning the early parts of 1996, where temperatures
measured at 9%am rose above 22°C. Generally, rate of oviposition increases with increase in temperature
until it reaches an optimum, decreasing agamn with higher temperatures until it ceases altogether
(McMahon, 1975). Although maximum temperatures were not consistently monitored mn the Bloukrans
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field study, 1t 1s likely the temperatures could have nsen above 25°C, a maxamum for many freshwater
molluscs (Brackenbury, 1989)

The list of molluscs that have been proven protandrous hermaphrodites 1s given by Hoagland (1978)
and Brackenbury (1989), although this condition does not seem to be the norm Environmental
condtions are responsible for mediating sex change n a number of basommatophorans (Hoagland,
1978) Geraerts and Joosse (1984) suggest that most snails hatching in sprnng go through a short
protandnc penod before entering simultaneous hermaphroditism, although many small cocytes may
already be present. However, this present study suggests that B stenochorias does not appear to exhibit
transient protandry

As temperatures rose in August and September, most hmpets, small and large, showed increased
gonadal activity with the development of mature spermatozoa and eggs This trend of development 1s
substantiated by the egg laying penodicity increasing significantly from the winter into the summer
months (Figures 3.2 1 S and 3 2 1 9). Doubt as to the validity of the observation that some of the
limpets acted as simultaneous hermaphrodnes can be cast where only mature sperm were present i the
sections, and not in the ovotestis. These sperm may have been donated Sperm can be stored in some
Basommatophora for a few months (Jame e/ @/, 1993) For any freshwater ammal, whether passively
dispersed to establish new populations or not, there are obvious advantages if a sustamed penod of
production of fertilised eggs can follow a single copulation Copulatory patterns and the extent of self-
fertilisation differ among the Basommatophora freshwater families (Russel-Hunter and McMahon,
1976), although observations were only made from approximately two hours after first hght, copulation
was seldom observed in the two populations  Selfing can occur in B stenochorias (pers. obs within
laboratory cultures), and some noteworthy exceptions to outcrossing have been found m Biomphalaria
and Bulinus (Jame and Stadler, 1995) However, outcrossing appears to be the rule in natural
populations (Jame er al, 1993) Irrespective of the season, those limpets possessing mature sperm and
developing and mature eggs were all large i size (> 4,9mm shell length) It 1s difficult to judge from
these sections of B stenochorias whether the mature sperm were exogenous or endogenous

There 1s substantial evidence, particularly with Lymnaea elodes (Brown et al, 1985) and with

L peregra (Calow, 1981), that reproductive output 1s strongly related to the quality of food available
(Section 3.3 2) It has been shown that 70% of organic carbon is consumed for reproductive output
(Britton and McMahon, 1997) Similarly, the size of impet relative to its population average may affect
the number of eggs produced by the impet, as found with Physa acuta (Aboul-Ela and Biddiny, 1969)
The better the conditions are, the earhier the maturation, the greater the number of large limpets, and the
greater the number of eggs produced Quality and quantity of food between the MF and BR sites were
not investigated However, no differences in the ovotestis development were seen between the sites.
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Nerther did density differences between the sites appear to affect stage of development of the ovotests,
contrary to that found with L. peregra (Calow, 1981)

When considenng hife cycle strategies, most pulmonates are semelparous and annual, but Calow (1978)
has shown that a few species can transform to a hife cycle where two generations can lay eggs in one
year Considerable infraspecific, mterpopulation vanations m lifecycles can occur (Geraert and Joosse,
1984) This may depend on the condmions prevalent at the ime, or may be a genetically determuned
mterpopulation response (Jame and Stadler, 1995) Earlier ime of maturity for any one population
could result in earlier and possibly higher reproductive effort, as was found with Lymnaea peregra
(Calow, 1981) Both the results from this sectioning and from the field study (Section 3 2.1)
corroborate this 15 very likely the case with the B stenochorias populations studied here ¢ those eggs
laid early in the spring would have had condmtions surtable to grow and reach matunty within the
summer or pre-winter months; those laid later in the year would not have done so

Jame and Stadler (1995) emphasise that once sexually mature, freshwater pulmonates are essentially
simultaneous hermaphrodites, and B stenochorias bears this out. Previously, it has been suggested
(Haigh and Davies-Coleman, 1995) that sexual maturity occurred in those limpets 3mm shell length or
longer only However, clearly there are a number of exceptions to this, at any time of the year

The question anses as to what difference this would make to any toxicity test, and would the tests have
to be made at vanous times of the year, to understand the susceptibility of hmpets to toxmns at all stages
of sexual development” This wall be investigated by H Davies-Coleman durning 1998 and 1900
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3.3.5 TRANSFERENCE FROM LABORATORY TO LABORATORY

Introduction

As part of the ongomg development of expertise in using Burnupia for toxicological purposes, bnef
experiments have to be conducted when opportunities anse. One of these was the testng of techmiques for
transferning the limpets from one laboratory to another, completed by Dr WJ Muller

Method

Limpets randomly chosen from artificial streams within the laboratory were transferred into one of three small
(500ml) plastic bags filled with de-chlonnated tap water, which were subsequently placed i S00ml plastic
lidded bottles An approximately equal number were placed into one larger plastic bag filled with 1500ml de-
chlonnated tap water and tied at the top

The pots and bag were packaged into a cool box with ice and left for 36 hours, at which time they travelled by
road for 12 hours Each container was then aerated overmight, and mortality checked the next day, when algae-
covered tiles were placed into each contamer for the first time

Results
Table 3351 Survival and mortality data for Burnupia travel

Total at armval Survivors #'s Mortality #'s %o Survival
Pot | 25 18 7 72
Pot 2 29 20 0 100
Pot 3 30 28 2 933
Plastic Bag 61 57 4 03 4
Total 145 132 13 9]

Discussion

The techmique used here had a high success rate in our opmion, despite the handling as the limpets were placed
nto the bags, the ime spent in the bags with no aeration, and the distance travelled by road.  The technique 1s
to be used in all future handling of Burnupia over longer distances.



3.4 CONCLUSIONS

Handling
The techmique of handling the limpets has been refined to a level where there 1s an absolute mummum
mortality how to collect limpets from their natural habrtats, and to move them to the laboratory, then
how to keep them mn the laboratory, and how to move them once they have been hiving in the laboratory
for a generation or two, to the test laboratory elsewhere for toxicity testing  The underhining factor 1s to
touch the mpets as Iittle as possible, they have higher mortality and are affected in their growth rate if
handled Collections should be made directly into plastic bags which have already had a layer of algac
growing n the laboratory. This puts the impets straight onto their pnmary food source. Similarly,
handling within the laboratory, and then to the toxicity tests, must be while they are attached to the
plastic The plastic, therefore, must hine all buckets and channels used  1f long distances are travelled,
the limpets should be kept as cool as possible, preferable with ice, and aerated on arnval

Conditions within the Laboratory
Dechlornated tap water 1s sutable for both the growth of the impets, and growth of the diatoms.
Limpets appear to grow and reproduce better in an aerated bucket system, although the channel design
submitted n Haigh and Davies-Coleman (1997) 1s satisfactory and would act as a means of holding
limpets until required by toxicology. The water within the contamers should be changed by 10%
volume daily to mamntain the nutrient levels at a satisfactory level, although calcium i the form of
dissolved calcium carbonate, and silica in the form of dissolved sodium silicate, should be added on a
weekly basis to mamtain the limpet shells, and the diatom frustules respectively Water quality 1s
mamntained to a large degree in the channels by the addition of plastic threads packed into the sumps
These act as very effective filters, particularly for nitrogen in the form of ammonia, plus excess
phosphates produced as excrement by the impets, and removed by the action of a bactena film which
develops on the plastic threads. River water can be added to increase nutnent levels occasionally, but nt
15 essential that a sudden drop of 1 i the pH does not occur, as this will cause the death of the

periphyton growing in the contawmers.

Diatoms appear to be the pnmary food source, with the ideal surface provided by the plastic sheeting in
the contamners, allowing easy grazing and growth of diatoms, however, substantial increases in growth
are found with the addition of Nutrafin®  The diatoms can be easily seeded from scrapings of rocks
where limpets are known to occur. Light conditions should be in the lower range (+ 100um/sec) for
optimal peniphyton growth, and under these conditions, unicellular diatoms are prominent, ideal for

grazing by the impets

Field and laboratory investigations revealed the necessity for, and the suitability of, flat unglazed
ceramic tiles as a refuge for egg laying, and as an ideal surface for the growth of periphyton. These can
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be easily removed from the channels and cleaned, should the layer of algae grow unsurtable species
(such as filamentous algae) Similarly, water temperature is considered the most cnitical factor
determuning growth and onset and mtensity of the breeding season, temperatures of approxamately 20°C
and high densities (400/m* equivalent) give maximum production for the cultunng of the hmpets

Life history
Through natural population studies, egg laying penods were shown to extend pnmanly dunng the
spring and early summer months, although capsules are laid all year round Mortalties of hatchlings
appear to be high, both in the laboratory (approximately 20%) and under natural condrtions (difficult to
determune but Iterature indicates it 1s greater than 20%) To reach the maxamum size of 7mm shell
length (The longevity of a limpet) 1s predicted to be up to two years, although the majonty do not seem
to live longer than one year. However, as shown in other species studied in detail m Europe and North
Amenca, there 1s considerable individual and interpopulation vanabilty, mamnly due to the different
growth rates attamed, determuined by local conditions

The actual growth rates of limpets under vanous conditions are now known, with approximate
mortalities As aging techniques do not exist for the Ancylidae, and there are no growth rings to count,
analysis of growth 1s very difficult, relying on tnals with known aged impets  Although baskets
designed to hold the limpets gave some answers as to growth rates, changing nver conditions
continually cause difficulties i any long-term tnal  Winter condtions prevailing around Grahamstown
seem to discourage any limpet growth, and thus these conditions should be avoided in himpet culture

Burnupia 1s hermaphroditic and has the ability to self-ferilise Approxunately 10 to 20 egg capsules are
laid by each indivadual over its entire hifespan, 1 to 13 eggs are laid per capsules, although most
frequently S, in a gelatinous capsule with a thick extra (quatemary) layer for protection. They take 14 to
18 days to hatch, although there 1s vanability shown within each capsule, with a small percentage non-
viable Fecundity can be increased by the addition of Nutrafin®, as the high quality food results in an

extended lifespan and laying penod, leading to in significantly higher numbers of eggs laid

Toxicology trials
@' values, calculated from the FISAT programme and based on one years' data from two sites, mdicate
that there 1s little difference between the two populations in terms of growth. Simularly Principal
Component Analysis and Discnimmant Analysis (STATGRAPHICS) also show that limpets from the
three populations sampled (namely in the Bloukrans and Botha Rivers close to Grahamstown) for shell
length, wadth and height, would make ideal sources of himpets for toxicity tnals, should laboratory
cultures not be used. They cannot be separated easily on the basis of their morphometric measurements
which are the mamn critena presently used for species identification, it is therefore presumed they are one
species
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35 EARLY COLONIZATION OF BARE SURFACES BY EPILITHIC DIATOMS
AND THE IMPACT OF GRAZING GASTROPODS ON THE ASSEMBLAGE IN
ARTIFICIAL FRESHWATER STREAMS

Botany Honours Project completed by Mananne Balarn, June 1996 under supervision of Prof R Lubke
and Mrs. H Dawvies-Coleman

Introduction

Periphyton provides a nich food source for most invertebrate grazers associated in high abundances with
freshwater macrophytes (Bronmark 1989) and snails are a promment feature of this fauna Theiwr grazing
activities may be expected to strongly influence the dynamucs of the peniphyton system

Histonically, the study of potential interactions between periphytes (macrophytes, epiphytes) and
mvertebrates, such as freshwater limpets, has applied a reductionistic approach, separately nvestigating
such aspects as food choice, grazing effects or host-specificity of microalgae Recently a more holistic view
has been apphed to the study of interactions in freshwater macrophyte habrtats This has spawned most
hypotheses that take into consideration both the direct effects and the more indirect interactions taking place
in the system (Bronmark 1989, MacLulich 1986)

Invertebrate/periphyton interactions
Freshwater mpets are generally considered herbivores. Their main feeding method 1s scraping the
algae/detritus/bactena complex from the substrate with their radulae which have rows of chitinous teeth
Although studies on freshwater limpet ecology are many, comparatively little 1s known of the actual diets of
most species, even the most common ones (Bronmark 1989)

Studies of most species have revealed that the mamn part of snails diets consists of detritus (50-90% of the
volume), algae (< 25%) and living macrophytes and amimal remams constituted a neghigible part of the diet
(< 1%). Calow (1970) reported that the gut contents indicated that snails are indiscrumunate browsers on the
penphyton unless the algae were patchily distnbuted

Indicator species - Burnupia stenochorias

In ecotoxicological work use 1s made of freshwater molluscs as indicator species to monitor pollution levels in
natural streams As few local indicator species are readily available in sufficient numbers to carry out
standardised toxicity tests n streams i South Afnica, the Institute for Water Research, Rhodes University
(Grahamstown), i1s developing a method to culture the limpet, Burnupia stenochorias. This indicator species
could provide an adequate and constant supply This study, conducted in collaboration with Heather Davies-
Coleman of the Institute for Water Research, nvestigates suitable conditions for the growth of algae as a food
source for B stenochorias
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To date, the food preferences of the impet, Burnupia stenochorias, are unknown, but it 1s thought that nt
grazes on filamentous algae, diatoms and possibly fung:, lichens and bactena Hunter (1953) reports that
analysis of the gut content of certain impet species of the family Ancylhdae indicated a mucroherbivorous
habit. As Burmupia stenochorias 1s closely related to Ancylus fluviarilis (Family Ancyhdae), 1t is presumed
that B. stenochorias grazes on the same peniphyton assemblages

B mooiensis has been found to have the same radular structure as A fluvianilis (Oberholzer 1963). It is
thought that B stenochorias will be a general feeder with a preference for diatoms, like A fluvianiis, and
will feed in the same way

Periphytic community changes
The most obwvious effect of herbivory 1s the removal of biomass which may or may not affect the standing crop
Much of the Iiterature refers to the effect that A. fluvianlis and other limpets have on the penphyton stream algal
assemblages (Calow 1974, Lambert: 1984, Bronmark 1989, DeNicola er al 1990)

Manipulations of snail densities i the laboratory stream channels have shown that snails reduce the standing
crop (Sumner and Mcintire 1982, Steinman e al 1987a, Lamberti er /. 1987) However, not all studies show
a negative effect of grazing on the standing crop (Kedhe and Wilhm 1972, cited m Bronmark 1989)

Grazing may also change the species composition of the penphytic community. A general pattem seems to
be that the large overstorey species, such as the stalked diatoms and filamentous species, are more
susceptible to grazing and are reduced in abundance at high grazing pressures, whereas the tughtly adherent
species increase i relative abundance (Gregory 1973, cited in Bronmark 1989) These findings are
supported by the studies of Stemnman ¢ @/ (1987a) and Lowe and Hunter (1988). They found that the small
prostrate diatoms (e g Cocconeis and Achnanthes) increase when the penphyton i1s grazed Sumner and
Mclintire (1982) found a sigmficant reduction m the proportion of large diatoms and the subsequent increase
n the relative abundance of small, adherent diatoms They suggest that this was due to either a higher growth
rate of smaller diatoms or a greater vulnerability of larger diatoms to ingestion and dislodgement duning
grazing

Successional patterns
Grazing may also affect the successional pattemn of penphyton. Succession n penphytic communities

sually proceeds from a monolayer community of bactena to small, adnate diatoms, such as Achnanthes and
Cocconeis Then a more structurally complex community with stalked diatoms and short, filamentous algae
take over and as a final stage a community dominated by long, filamentous algae (Stemnman er al. 1987a).

Succession in laboratory streams

In natural streams, two types of succession are observed (HT. Odum 1956) (1) Longitudmnal upstream-
downstream succession, and (2) the short term response of a stream section to vanations m import and to
seasonal changes in such physical factors as light, temperature and current velocity
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Studses of ecological succession i laboratory streams have been concentrated almost exclusively on short
term succession Seasonal changes in import and local physico-chemical conditions produce a pronounced
response in the structure and metabolism of any given stream section If these conditions remain constant,
the stream will come to a steady state, relative to the conditions (Guillard and Kilham 1977)

Most studies in succession mvestigated the sequence of colomzation of freshwater periphyton on perspex
or glass and natural substrates Belanger and Cardinal (1977) observed development of microfloral
populations on glass shides

Laboratory streams
The early laboratory streams were closed systems (e g Odum and Hoskin 1957) where the same water
was recirculated over the community. More realistic lotic communities were developed later, often by
diverting natural stream flow mnto a holding tank and thence through the laboratory streams (e g. Mclntire
1966a) In this way, water chenstry, temperature, turbidity, organic load, and other factors vary with the
natural stream The investigator controls hight mtensity, photopenod and current velocity In a closed
system, such as was used m this study, careful monntoring of water chemustry and nutnents 1s required

Aim
The aim of this study 1s to mvestigate the early successional trends of the penphytic community and
plant-herbivore interactions in artificial, recirculating streams in the laboratory.

Key objectives

1 To determmne the successional pattem of penphyton on bare substrata

2. Identification of the diatoms present in the artificial, recirculating stream on the surface of clear,
plastic sheeting

3 To determine whether over an extended penod the laboratory conditions are surtable for diatom
growth, and therefore also hmpets

4 To determine the effect of grazing pressure, resulting from high limpet density, on the primary
production and abundance of diatoms, and the community structure

Methods

Experimental design
Expenments were conducted i laboratory streams consisting of six U-shaped PVC channels, each 0 25m
wide and 2m long Water was supplied and recirculated by a submersible aquanum pump, placed in a
100L plastic storage tank. This tank contamned a biofilter of plastic strips

Water was replaced at 0 13L s’ which resulted in a total recirculation in two hours. Irradiance was
supplied by four Biolux (75 W) lamps that provided a photon flux density between 20 - 60 umol m™ s
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measured with a handheld PAR metre at the water surface at top, middle and end of the stream A normal
daily photopeniod was employed A double layer of clear plastic, sealed m strips, 3cm apart, was used to line
the streams and served as substrate for periphyton colonization and units for samplng

To noculate the streams the biofilm was scraped from the rocks at twelve different positions m the natural
stream (Bloukrans River) The scrapmgs were homogenised and brought to a volume of 6 OL with nver
water. A 1 OL subsample of the algal suspension was added to each laboratory stream Algae were allowed
to become established in the streams without impets for 14 days This penod was sufficient for obvious
establishment of algae but was before the exponential growth phase of algae that could prevent the grazer
mfluence on those assemblages The expeniment was shortened from 65 to 37 days due to excessive ramfall
and flooding of the Bloukrans River at the proposed sampling time, which prevented collection of impets
and surtable water for the artificial streams

Two treatments were imposed on the six channels, giving three replicate streams per treatment

1 Limpets and recirculated flow through biofilter,

2 Recirculated flow without impets through biofilter.

Initially unfiltered Bloukrans River water was used to fill the channels Subsequently a muxture of 50% nver
water and 50% dechlormated tap water was used to top up the system to account for evaporation.

As diatoms have a very low phosphate and/or nitrate requirement the only nutnient ennchment used was
sodium silicate salt (NaS10,) at a concentration of 0.2 ImgL ", which was added once a month Temperature
throughout the experiment was ambient. The limpet treatment consisted of adding Burnupia stenochorias to
the three streams at a density of 400 which approximated natural densities as found i the Bloukrans River
(H Dawvies-Coleman, pers. comm.) The other three streams contamed no hmpets, but microflora may have
been present. The experiment lasted 37 days, which included moculation and colonization penod (14 days)
and grazing peniod (23 days)

Sampling strategy and analytical methods
Periphyton
Algal assemblages were sampled on day 14 just before limpets were introduced and on day 37. Chlorophyll-a
was sampled on days 17 and 36, waterchemistry was measured on days 17 and 28, taxonomic structure and
physiognomy were examined on days 14 and 37,

Chilorophyli-a

Five sets of random samples (lem® each) were collected from each stream on each sampling date for
determunation of chlorophyll-a. The cold extraction technique, as descnbed by Holm-Hansen and Rieman
(1978), was used. The samples were placed in 10mL Of 100% methanol, were kept in darkness and refrigerated
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for 6 - 12 hours Absorption readings were taken at 665nm and 750nm usmg a Shimadzu UV-1201 ukraviolet
spectrophotometer Chlorophyll-a concentrations (.gem ) were calculated from
Axxx139 ugem®
d=V
Where A = (absorbance at 665nm) - (absorbance at 750nm)
V = area of inmtial sample (4cm*)d = cell path length (Scm)
13 9 = constant v = volume of solvent m ml

Water chemistry

Physico-chemical conditions (temperature, pH, total dissolved salts (TDS)) in each stream were monitored
monthly A Checkmate CCA475627 kit was used for pH measurements Nutnent concentrations of
ammonium, nitrate, nitrite and phosphate were monntored spectrophotometncally using a Spectroquant 118
photometer Water samples were taken from each stream, chilled and analysed within three hours.
Ammonium was analysed by the mdophenol blue method, nitrate by reacting samples with nitrospectral in
concentrated H.SO, to produce a dark red-coloured nitro compound, nitrite by reacting samples with
sulphanilic acid and N-1-naphthylethylenediamine dihydrochlonde to produce a magenta azo dye (Gness’
Reaction), and phosphate was measured by the phosphomolybdenum blue (PMB) method (Merck Manual
Photometer SQ118). Levels of detection, or measunng ranges, were determuned by the dilution (nver) water
used for each expenment.

Taxonomic structure
Natural stream
Samples of epilithic diatoms for cell counts and wdentification were collected from the natural stream,
Bloukrans River, on the farm “Rockwood™, in Manley Flats. The biofilm was scraped off the rocks, taken
randomly from eight different sites and depth zones (15-60cm depth) Scrapings of 4cm’ of the cover
matenal from different stone aspects were removed with a scalpel and were stored in 10cm’ distilled water
with three drops Lugol's fixative (Saraceni and Ruggui 1969) for enumeration and identification.

For the quantitative analysis of species composition, the diatom frustules were first cleaned by boiling i
concentrated HNO,. After this acid preparation of the diatoms, using the method descnbed by Archibald
(1981), the number of siliceous frustules, that were remaming, were counted and identified The prepared
samples (10mL) were placed into a counting chamber, allowed to settle for at least two hours, and counted
with a Nikon MS mverted microscope at x450 magnification (Utermai.l 1958) Duning this procedure,
diatoms were identified to genus level and, were possible, to species level. An algal unit was an individual
cell or valve, if the taxon was a unicellular form, or an individual cell of a filament if 1t was a filamentous or
colonial form A maxamum of 500 cells was counted in each sample The proportion of the diatom taxa mn
each sample was used to estimate the abundances of these taxa i the corresponding count of 500 algal units.
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The final concentrations of cells were calculated as follows:

Na N, N: x 2500
- - - - - G
2 f 4cm’
Where N. = Total counts of valves
N, = Total number of cells
f = Total number of fields
N . Number of cells per field

2500 = Total number of fields per chamber
dem’ = Area sampled
Cell concentration cm*

o
I

Artificial streams

Randomly located samples (5 x 3 mm°®) were taken from each stream, one from the top, one from the muddle
and one from the bottom of the stream and prepared for the scanning electron mucroscope (SEM)
examination. The samples were fixed directly on the pieces of plastic m 2 5% Gluteraldehyde solution for 12
hours, washed for S mmutes in a buffer solution of NaCacodylate (pH £ 7%), dehydrated i a senes of
alcohol (30, 50, 70, 80, 90 and 100%), placed i 1,1,1,3.3 3 Hexamethyldisilazan (C H, NSi,) solution and
allowed to air-dry The air-dned samples were glued onto brass stubs and sputter coated for one munute with
a thin layer of Au i the Biorad Polaron Equipment coating unit at 194 g cc ' film thickness. Each plastic
strip was scanned 30 or more times with a JEOL JSM-840 electron microscope at a fixed magnification of
x500 (single field of view = 0. 04 mm°) The cells were counted and identified to genus level and, where
possible, to species level. All SEM work was conducted at an accelerated voltage of 12KV at magnifications
up to x20 000. Settlement surfaces were exammed before and after grazing by the hmpets, Burnupia
stenochorias. To obtam micrographs for later use and identification, photographs were taken of the
communities and specific mdividual cells using Agfa Agfapan Professional film (film type AP x 100).

Staristical analysis
The computer software package PRIMER (Plymouth Routines m Multivanate Ecological Research) was
used to analyse the data. This program was developed for ecological studies of community structure and
mterpretation of data on abundance and/or biomass Treatment effects on biomass accumulation were
exammed with 3 2-way analysis of vanance (Clarke and Warwick 1994). Diversity was calculated and
graphically presented using Shannon-Wiener's Diversity Index. This mdex is not biased by rare or abundant
species and 15, therefore, useful for describing diatom assemblages dominated by a few species (Begon et al
1990) Tests for differences between the two groups of samples (grazed and ungrazed) were computed from
Bray-Curtis similarities for vV transformed species abundances and represented graphically in a dendrogram
and ordination graphs. All above tests were carned out using the PRIMER program routines
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Results

Diatom flora

Diatoms sampled from the Bloukrans River were

members of the Order Pennales (classification

according to the system of Hustedt, 1930, cited

Wemer 1977), and were represented by species of
Actmanthes, Amphora, Cocconets f,'..-:):l('i_'.m; ma

Navicula (the most common diatom)

S2vrosieema
Nitzschia, Surirella and Symedra The Order
Centrales were represented by the genera

yelorella, Melosira and Thalassiostra (Refer 1o
Table 3.5 | for a complete hst of identified species
and Appendix 3 S 1 for SEMs) Most of the genera
found n the natural stream were represented in the
artificial Three taxa absent, 1¢

stream were

Gyrosigma, Melosira and Synedra

After fourteen days, the settiement surfaces in the
artificial streams were dominated by colonies of
bactena (< 18 colones, 0. 0dmm “)(Fig 3 5 1)and
patches of thin mycelial filaments of soil bactena,
possibly filamentous Acrinomyeeres (Brock and

Madigan 1988)

[he low-growing, prostrate diatoms Cocconels

scutellum and Achnanthes lanceolata, winch were

the domumnant species in all streams, surrounded the

colomes of bactena (Figure 3 52) The diatom

distnbution was heterogencous and patchy, and

different diatom assemblages were apparent in the

sanw stream

After thirty-s

even days successional changes had

taken place The dommant species i stream

numbers |. 2 and 6 was Ac/manithes

Kpxeoialad. in

stream 4 (o domnant

OIS SN uPer WwWas

(Figure 3 53), followed by Amphora pediculus

(Figure 35 4)

Figure 3.5 1 Fourteen days after mnoculation
colonies of bactena dominated the streams

.

20N l
.

Y

Figure 3 52 After 14 days a monolayer of adnate
diatoms Acimanthes & ix surround the

( occomn

patches of bactena

The stalked, overstorey diatoms, which were mitially

rare, became more numerous  In stream number 3

patch of an umdent:fied algae , possibly a blue-green,
became apparent, interspersed with many pedunculate
diatoms (Figure 355) Ths

may constitute a

successional change




The relative density of the adnate diatom
Cocconels scutellum mereased from 58 59% (range
0 19% 58.59%) at Tume | (14 days after

o

moculation) to 65 83% (range 2 0% - 65 83%,) at

N~

Time 2 (37 davs after moculation)

Simlarly  Achnanthes lanceolata showed a
maximum mncrease from 22 68% (range 8 009, -
2268%)at Tume | (T1)to 83 26% (range 0 21% -
83 26%) at Time 2 (T2) Gomphonema parvilus
a pedunculate diatom, increased from 4 40% (range
0 28%- 4 40%) at time 1 10 9 5% (range 0 09%

9 5%) at Tume 2. The mcreases, represented n a
histogram, could not be correlated to any particular
stream. The streams 4, 5 and 6, which were
subjected to grazers after fourteen davs of diatom
growth, showed no discerable effect due to the

limpets” presence (Fig 3 56)

When the samples taken from the top, muddle and
bottom of the streams were compared, usmg
abundance (actual total number of cells counted)

-

agam no pattern was distinguishable (Fig 3 5 7)
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Figure 3.5 4 Thirty days after colonisation the
density of the diatom assemblage increased
Patches were domuinated by Amphora pedicilus
interspersed with Gomphonema parvulus and
fungal myceha

Figure 3 5 3 SEM of a patch of dommant
Cocconeis scutellum in stream 4 with a few
pedunculate Gomphonema parvulus (white)
Some bactena visible below the diatoms

Figure 355 A patch of filamentous algae
interspersed with many stalked diatoms in stream 3
indicating a successional stage Note the
agglomeration of diatoms in the lower nght comer
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Fig 356  Histograms representing Relative Density (%) of the most domunant distom species in the artificial streams (1
- 6), before 14 days on top, and afler 14 days, bottom .

Chloraphyll-a
Although notonous for poor correlation with algal growth (Appleton pers com) the average biomass
accumulation as determined by the chlorophylla extractions indicated a high vanability in each stream
Stream number | (grazed), which showed an increase m the total number of cells from 4 12 (log of mean
total of cells cm™) at Tume 1 (T1) to 5.85 at Time 2 (T2), had a corresponding increase i chlorophyll-a from
0.0556ug.cm™at T to 0.7923.g cm™ at T2. In stream 2 (ungrazed, control), however, the increase in
number of cells (5 22 - 5 69) showed a decline in chlorophyll-a from 1 501 to 0.2224.g cm® Vanable
results were also obtained for the other streams (Table 3.5.2). The results could not be correlated to the
presence or absence of grazers, but seemed to correspond to the total number of cells present in each stream
(Fig 359)
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Water chemistry
The soluble nitrates, nitrites and ammonia concentrations remained below 1 0 mg L~ throughout the
experiment The orthophosphates (range 0 79 - 1 22 mg L ') ncreased sharply after 37 days to between 3 21
-3.54 mg L' in the streams (Table 3 5 3) pH ranged m the different streams from 7 7 - 8 4 at the begmning
of the expeniment to 6 7 - 7.7 after 28 days At the end of the expeniment the pH had increased ranging
between 7 65 - 8 3 with the greatest fluctuation shown in channel 1 (Fig 3.5 10) The temperature fluctuated
between 17 °C and 21 *C durning the course of the expenment, droppmng to 14 5 *C towards the end (Fig
35 10) The total dissolved salts (TDS) showed a steady mcrease, sharply nsing towards the end of the
expenment, which correlated with the overall ncreases in all the streams

Statistical analysis
The treatment effects on the biomass accumulation, using a2 two-way ANOVA mdicated no significam
difference between the grazed and the ungrazed streams (p < 0.5). No correlation between chlorophyll-a and
orthoposphates (r* < 0 5), total dissolved salts (r* < 0 3) and pH (r < 0 3) were detected using standard
regression analyses. Sumilarly, using the Shannon Diversity Index, no clear trends were apparent (Fig
315195

The tests for differences between the two groups of samples (grazed and ungrazed) computed from Bray-
Curus simulanties for species abundances indicated that at the 45% level 5 groups separated out, but no clear
differences were seen in the community composition (Figure 3.5 16). In the data analysed using ordnation
analysis, the control data (ungrazed streams) were clustered entirely to the left indicating a small difference
between the ungrazed group (control, before 14 days) and grazed/ungrazed group (after 14 days) (Fig.
3.5.17). The level of stress was hugh at 0 22, but still gives a potentially useful 2-dimentional picture. This
suggests that there 1s Intle difference between the streams and any difference present is as a result of the ume
within the expenment and not due to the effect of grazing
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Table 3.5 1. List of diatom taxa present m the natural stream, Bloukrans River, and the aruficial streams m
the laboratory

Diatoms in the river Diatoms in artifical streams
Order Pennales
Achnanthes spp Achnanthes exigua
A inflata
A lanceolata
Amphora spp Amphora copulata
Syn A owvalis
A hibyca
A owalis var affinis or ibyea
A pediculus
Cocconeis spp Cocconets placentula

(Cocconeis scutellum

Cocconets spp

Diatoma sp

Fragelaria sp
Gomphonema sp. CGomphonema parvulum (7)
Gyrosigma spp.
Navicula spp Navicula gregaria Donkn

N minima (7)
N pupula Kutzing
Nitzschia spp Nitzschia acuminata (7) Tryblionellae group
N debilis (Amott) Grunow
N Lanceolatae group
N Tryblionellae group

Surirella sp

Symedra sp. Swnedra sp

Order Centrales

Cyciorelia meneghmmana Cyciotelia meneghmmana
Melosira sp.

Thalassiosira sp. Thalassiosira sp
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Table 352 Results of spectro-analysis of chlorophyll-a samples taken at 665nm and 750nm_ ch refers to
channel number and results are compared to methanol 99 8% punty Figures with * represent the values
converted to ug cm”

Date Wavelength | Methanol chl ch2 ¢hi3 ch4 ch$ ch6
190¢
194 665nm 000% 0004 0.10% Q005 0046 0 04 0004
00556 *1.501 ‘0125 06194 0 H6T2 0 05%
750nm 000l 0001 om 0004 0003 0004 0004
00139 013 0.0%% 00278 00645 0.5
L 66 5am 000 0087 00l oo 0004 oo 0004
0. 1923 02224 0.1y 00 01807 0 0%%
750nem 000l 0001 0o 0008 0004 0 0 00
0.013 *0.1251 *0.0694 0055 0 0x¥
126 06 Sam 000l 0002 0 0 0 00%) 0
00278 0. 7089
TS0nm 0 0 0011 O 0 0 o
01829
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Table 3 53 Chemucal analyses of water “ch” refers 1o channel number Amounts are in mg L-'
Date Chemucal <c¢hl ch2 ch3 ch4 ch$ ché
17/3 NO, <0.1 <01 <01 <01 <01 <01

NH, 0 0 0 0 0 002
NO, 006 003 003 005 003 002
ortho-PO, 079 099 1 103 109 1.22
19/4 NO, <0.17 <018 062 <014 <0.03 087
NH, 0 0 0 0 004 0
NO, 002 006 004 004 010 0.05
ortho-FO, >3 >3 >3 >3 >3 >3
304 NO, 0.37 <0.2 038 0.83 085 1.53
NH, <001 <001 0 <00 003 003
NO, 0 0 0 0 0 0
ortho-PO, 354 373 3.21 421 isd R X)
29/5 NO, <0.02 03 042 012 019 047
NH, 0 <001 0 <001 004 001
NO, <001 <001 <001 002 <0.0] 002
ortho-PO, 008 028 114 374 0.10 114
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Figure 3 S 8 Scatterplot of chlorophyll-a accumulation 14 days after moculation of artificial streams(top)
Chlorophyll-a accumulation after 37 days, at the end of the expenment ( bottom) The “g" indicates
“grazed” streams.
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Discussion

Periphyton
The heterogeneous distnbution of epilithic algal assemblages in the streams may be partly the resukt of
hydrological differences created when water flows over a ruffled substrate such as found n the aruuficial
streams  DeNicola and Mclintire (1990) reported simular results For mstance Amphora species seem to
favour areas of decreased water velocity aggregating in greater densities in the depressions where the two
plastic sheets were sealed together, and among the tangled filaments of chan-fornung diatoms (Fig 3 5 8
and 3 5 22)

Succession and taxonomy
Results of earher SEM studies have suggested that penphyton in artificial stream assemblages follow a
predictable senes of seral stages after colonization, resulting in a successional sequence that 1s analogous to
pattemns in terrestnal ecosystems (Korte and Blinn, 1983, cited in Steinman and Mclintire, 1986). The
hypothesis corresponding to these studies suggests a sequence of stages consisting of (1)an orgamic matnx
and bactena (2) relatively small adnate diatoms with a low vertical profile (3) short vertically-onentated
diatoms (often stalked) and (4) green filamentous algae

In the present study, SEM indicated that many bactenal colomes were present during early colonization
(stage 1) Bactenal presence 1s well documented in past studies and further analyses seem well warranted
(e g epifluorescence microscopy) to assess the quantity of bactena in laboratory streams

The mode by which the diatoms were attached to the substrate fell nto two categonies

1) Adnate, 1.¢ the cells were closely appressed to the substrate as in Cocconers and Achnanthes and
were not colonial.

i) Pedunculate, 1 ¢. the cells were attached to the substrate by pads or stalks, e g Gomphonema and
some Nitzschia species.

The adnate forms are rarely colomal and single cells are held onto the substrate with mucilagenous fibnls
as shown in the SEM of Cocconeis placentula (Fig 3.5 18). Many diatoms form colonies and are linked
together in different ways Cells may be held together by interlocking siliceous spines (Staurosira
construens) (Fig. 3.5.19) In this way short chamns are formed Linkages between cells are also produced by
diatoms forming mucilagenous pads Adhesion is thought to be mediated by a polysacchande matenal
(Round 1990) The cells are connected at the poles and colomes thus formed are starhike (Nizzschia sp )
(Fig. 3.5.20). Others, e g Diatoma sp are connected over the whole of the single valve face (Fig 3 5.20).
Gomphonema parvuium produces mucilagenous stalks, which anse from areas of special pores at one or
either pole (Round 1990) The stalks are frequently unequal in length (Fig. 3 5.21 a, b and ¢) The
development of the pedunculate forms on the surface transformed the structure of the community from two-
dimensional to three-dimensional. Within the microscopic “forest” produced, some species could be seen to
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be canopy-formers, e g long-stalked species of Gomphonema, whereas others formed the “shrub™ and
“field"” layers (Cocconeis and Achnanthes spp.)

The epilithic community, which 1s very similar to epiphytic communaty, 1s distinct from other diatom
assemblages, ¢ g episammuc or epipelic communities, but they are never pure as other algae are
intermungled (Fig. 3.5 10) such as blue-green algae Together, the diatoms produce copious amounts of
mucilage i which other non-attached algae hive including several diatom species, e g Amphora pediculus,
usually a motile species, which seem to attach themselves to the larger iatoma species (Fig 3 5 20)

Artificial substrata

Many workers have expenmented with a vanety of artificial substrates on which peniphyton assemblages
can develop for quanttative and qualitative studies But none refer to clear plastic sheeting In the review of
Cattanea and Amureault (1992), 1t 1s reported that polyethylene plastic sheets have become very popular as
it proved to be nontoxic (Dver ¢r @/ 1962, Blankley 1973) A good agreement between biomass and
taxoenomic composition of the diatom assemblages (82%) was seen in compansons between natural
epilithon and artificial substrata It was noted that the representation of blue-green algae on artificial
substrata was very low mitially (47% and 38% respectively), but improved after 60 days of colonization
(67% and 40%) A simular increase in growth of filamentous blue-green algae was taking place in the
aruficial streams used n this study after 37 days (Fig 3.5 10) Wetzel, however, wamed in 1983 that
aruficial substata are too artificial resulting in a possible distortion of natural periphyton

Water chemistry

The abundant growth of blue-green algae 1s considered dependant on low N P availabilty in water It has
also been reported that relative high P concentrations are required for them to become abundant (Stemman
etal 199]) Assessing the cause of the increased growth of the undesirable, blue-green algae in the
artificial streams 1s difficult, as the intial NP concentrations were low However an increase in biomass
may occure without and increase in recorded phosphate levels, because of a very high tumover of
phosphates Elevated orthophosphate concentrations were recorded over time, but the nitrate
concentrations remamed low throughout. A distinct, visual change took place in the grazed and ungrazed
channels over ime The water i the grazed channels tumed yellowish and a thicker dark brown mat of
penphyton became apparent on the substrate Lesser growth and no colour change of the water was noted
in the ungrazed channels Further mvestigations as to the causes of these changes have not been carned out
due to time constramts

Light requirements

Light ntensity must be sufficient to allow diatoms to grow If it 1s too hugh, filamentous algae will
dominate. Many fluorescent tubes can be used for irradiance i culture studies where artificial light 1s
employed “Growlux™ tubes are favoured by horticultunsts, but Drew (1983) (cited in Lobban and
Harrison, 1994), reports that in work on algae “daylight™ tubes are best, because they have a spectral
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distnibution close to that of natural light at a few metre depths i clear coastal waters Diatoms irradiance
requirements are reported to be very low Marme diatoms can reach a maximum rate of photosynthesis
when light intensity 1s less than 5% full sunhght, and they can mamntain a net production at less than 1%
(Taylor 1964, cted m E P. Odum 1971). The very slow mcrease in algal biomass m the grazed or ungrazed
channels may be due to the low irradiance (photon flux density 20 - 60 umol m~ s') expenenced m the
laboratory. Lambert ¢ o/ (1989) report that growth sumulation was provided by a shift from low to
mtermediate irradiance (20 - 100mol m™~ s') which resulted i a significant increase n biomass plus an
increased herbivore growth rate

Effect of grazers on periphyton
The grazed streams were stocked with 400 limpets per stream which 1s equivalent to 330 limpets per m’
Limpet densities were not mamtamned throughout the expenment, and mortality accounted for circa 50% of
the population over the duration. No reproduction by the snails was observed It 1s therefore not surpnsing
that the grazers effect was mimimal and could not be established with certamty It 1s known that the
morphological features of algae influence grazing Stemnman er a/ (1992) reported that studies with snails
(Elimia) showed that gelatinous and unbranched filamentous forms were avoided The unbranched
Fragilaria was found to be susceptible to grazing, which may be due to its nutntive quality Gomphonema
and other stalked diatoms, which provide vertical extentions from the substrate, also were susceptible
Those organisms which have a true “prostrate” growth form, usually not higher than a few micrometers
high, are not grazed if they are next to the substrate, but once these orgamisms begin to accumulate and
form clumps, extending to 0 .50 m in height, the snails’ radulae are able to harvest those cells (Steinman er
al 1992) The nitial dommance shift from Achnanthes lanceolata to Cocconets scutellum and C
placentula observed m the beginning of the expeniment when the grazer density was still high, may possibly
be due to food preference electivity of the mpets

Conclusion

The duration of this study, unfortunately, had to be limited and analysis of a third set of samples was
impossible due to time constrants  Further analyses would have given a better msight into the seral stages
taking place in the streams duning succession as only the beginning of a possible shift to dommnance by
blue-green algae was observed Low irradiation and nutnent concentrations may have caused the slow
ncrease in penphyton biomass, and 37 days gave too little time to see full successional changes

The reason for the high mortality expenenced i the limpet community Burnupia stenochorias could not be
established Those impets that survived were growing well, however, showing an increase in length The
lack of any significant effect of grazers on the penphyton assemblages was presumable caused by the high
mortality rate and the resulting low density of the limpets, but this could not be established with certainty.
The role of diatoms as a food source in these limpets deserves further attention and it 1s recommended that
the gut contents be analysed in future studies
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Figure 3.5 11 a) Scatterplot of Shannon's Diversity of the species in two treatments. (b) Diatom count of
grazed and ungrazed streams. Dendrogram for hierarchical clustenng using group-average linking of Bray-
Curtis similanties matnix. Abundance data are vV - transformed
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Figure 3512 Multi-Dimentional Scaling (MDS) of species abundances from the 6 streams (grazed and
ungrazed/control) (Stress = 0 22)

130



APPENDIX Mustrating diatoms found during this Project
Scanning Electron Micrographs of the diatoms observed on samples cut out of the plastic lining in the

aruficial streams
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CHAPTER 4
INVESTIGATIONS OF THE MAYFLY
ADENOPHLEBIA AURICULATA (EATON), 1871

4.1 INTRODUCTION

We have identified genera from the famuly Leptophlebudae as mayflies which may be surtable
ecotoscology test subjects smce members of this farmly are widespread and fawrly large in size, robust
and easy to identify. According to Johnson er ai (1993) the most useful life hustory mdicators of
environmental stress are survival, and alterations to growth and reproduction. This emphasises that
nformation about the life history growth, reproduction and responses of the mayfly to laboratory
condmions 15 essential as a baselme aganst which to judge results from toxicological experiments
Buikema & Benfield (1979) reviewed a hundred publications on toxicology and found that 50% used
no life history information m the analysis of the results. Buikema and Benfield (1979) discussed the
importance of using both life cycle and life history information in designing and assessing toxicity tests
For many reasons, different life stages, such as immatures and gravid females, have been found to be
more sensitive to toxicants. Reproductive impairment and moultng frequency are good measures of
stress. Therefore, if the selected test species 1s to become a successful laboratory amumal, its responses
to test conditions should be accurately interpretable agamst adequate ‘natural” life history information.
To fulfil some of these requirements, the field population should be studied for at least a year if not
longer. Adenophiebia auriculata is the species we decided to focus our attention on. Collection records
from the Albany Museum m Grahamstown shows the known distribution of this speces to follow the
Drakensberg escarpment, to the Amatola range in the eastern Cape and extending to the southern Cape
(Everntt 1996) In the Palmuet River in the eastemn Cape, 4 awriculaia 1s an abundant component of
the aquatic macronvertebrate fauna, and has potential as an important pollution indicator species as it
15 farrly wadespread and inhabits upper reaches of nvers and streams Detailed information on 1ts
response to laboratory conditions as well as knowledge of its population distnbution, seasonality and
habrtat preference 1s needed to determune whether A. auriculata will be a surtable subject for laboratory
culture for ecotoxacologscal te:ting

The previously completed expenmental work on A auriculata yrelded mformation on the responses of

the mayfly to:

a) Habntat vanables such as hydraulic conditions and substrate type. An essential prerequisite was
found to be a solid substrate and that, although the species 1s found in nffles and runs, the
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survival rate m static aerated water 1s better than m expenmental channels This concurs
with observations n the field that A auriculata s seldom captured i the full current but
tends to be found under stones on the edges of runs where detritus collects (See section

423)

b) Diet and temperature vanables In this mvestigation it was found that the natural diet of decaying
leaves and penphyton could be successfully supplemented by the addmtion of TETRAMIN,
a commercial fish food, and provide optimal conditions for growth provided that good
water quality was mamtamned The mstantaneous growth rate observed are detailed in

Tabled 11

Table 4 1 1 Growth rates (mm/day) pre sub-adult nymphs calculated from all experiments m channels

and bubblepots in the laboratory

REP. CHAPTER AVE INSTANT GROWTH TEMPERATURE HYDRAULIC
EXPERIMENT NO RATE MMDAY CONDITIONS & DIET
Nsassed QOLYD 023 19-22°C Flowng, penphvton
K/545522 00140 042 17-22%C Static, leaves, TETRAMIN
K/545525 0005 15C Static, leaves

0.009 20

0015 25°C
RANGE 0.005-0.04 15-25°C
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4.2 THE AUTECOLOGY OF THE MAYFLY ADENOPHLEBIA AURICULATA
(EATON) (EPHEMEROPTERA, LEPTOPHLEBIIDAE).

4.2.1. LIFE HISTORY IN A SUBTROPICAL STREAM IN SOUTHERN AFRICA.

Introduction

The order Ephemeroptera dates from Carboniferous and Permian times and today their highest diversity
is i lotic habitats where they are an important component of the ecosystem. They consume organic
matter such as leaves and fine particulate organic matter as well as algae, and this energy in then made
available 1o predators in the system (King ¢r.a/ 1987 a & b) These processes are essential in the upper
reaches of nvers where the majority of energy in the system 1s imported from outside in the form of
leaves and detritus

Mayflies are unique among the msects in that they have two winged adult stages, the subimago and the
imago There 1s much debate as to whether this 1s a pnmitive or denved state (Edmunds & McCafferty
1988) The presence of long dark wingbuds on nymphs usually indicates immunent emergence Males
which have large double eyes can be easily distinguished from females, which tend to be larger In
leptophlebuds the pharate subimago crawls a few centimetres out of the water usually onto a rock or up
vegetation and moults into the subimago The subumago may then fly or walk a short distance to cover
before resting Subimagoes are generally not strong fliers and seldom fly far After 24-48 hours the
subimago moults into an imago which differs from the subimago in that the dark opaque wings with a
fringe of fine cilia become clear and reflective and the cerci and forelegs are longer. The only function
of adult mayflies 1s reproduction and the adults have no functional digestive system Hence, adult
mayflies seldom survive for more than one week and usually die due to desiccation (Edmunds 1972)
The general breeding behaviour of mayflies mvolves the males forming a swarm, and any female flying
through the swarm 1s usually mated with immediately (Needham & Traver 1972, Brittain 1982,
Edmunds & McCafferty 1988)

Environmental Influences
Investigations into the environmental factors which govemn the hife cycle of stream macro-invertebrates
are numerous and mayflies in particular, have received much attention in recent years. The total
development time 1s governed by external factors such as temperature, available food and photo penod,
which all influence the expression of the genotype, of which temperature may be the most important
(Sweeney 1978 & 1984) Investigations have revealed similar traits i large numbers species from
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sumular biomes (Wiggins, 1977, Chifford, 1982, Newbold eral. 1994, Jackson & Sweeney, 1995) while
differences m life history are also found between occupants of the same biome (Sweeney & Vannote,
1981, Jacob: & Benke, 1991, Sweeney er a/. 1995) Thus leads one to the conclusion that the genotype
will determune the life history style how the species apportions the available energy between growth
and reproduction is often determined by local conditions

To determune the life history, hife cycle and population dynamucs, a population should be sampled
repeatedly at erther one site or at several sites in different chmatic regimes  The correlation of
environmental cues (photic = (day length and moon phases), thermal = (water temperature and degree-
day) and partial pressure with emergence penodicity requires a data set which cover more than one year
to ensure rephication of seasonal vanations Only 1if sumular responses occur over a number of seasons,
can conclusions be drawn about the effect of climate on the hfe history . Experimental growth rates

can be used, with caution, to calculate possible generation periods.

Sweeney (1978), investigating the metabolism of Isonvchia bicolor showed that there i1s little metabolic
compensation or acchmation to thermal fluctuations within this species and that summer and winter
generations will exhibit the same metabolic rate and response to thermal changes It was found that
respiration rates of both winter and summer nymphs were the same when measured at 15 °C. Simular
responses were recorded from gastropods by Berg er al (1958) & Calow (1975). It 1s therefore not
surpnsing that several studies (Wise, 1980, Giberson & Rosenberg, 1994, Sweeney ¢f al, 1995,
Pritchard & Zloty, 1994) have revealed that intra-specific voltmsm may be affected by the thermal
regime of the environment  This results in a umi or semi-voltme life cycle gradually becoming bi-voltine
as the thermal regime of the environment increases Furthermore it has become clear that as the ambient
temperature of an aquatic system increases with a concomitant decrease in seasonal fluctuation, the hfe
history styles of the assemblages of invertebrate inhabrtants tend toward multivoltinism (Jackson &
Sweeney 1995, Jacob: & Benke 199]) Under these circumstances the development speeds up with
Increases i temperature

However, adult size and fecundity, which are positively correlated (Anderson & Cummins i379), and
developmental period can be adversely affected by temperatures outside the optimal range for a given
species. Sweeney & Vanotte (1978) hypothesized that this 1s due to a disequilibrium between larval
growth rate and the timing of metamorphoses caused by a shift in the energy partitioning.
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Aims

1) To determune the seasonal population densities, habitat preferences, hife history style
(unvbmultivoltine) and the peak emergence penods of A auriculata i the Palmiet nver

2) To attempt to correlate the rate of growth determmed expenmentally for A auriculata nymphs and
from the natural population using a computer analyses program in order to estimate the
hife cycle

Materials and Methods
Study site and field data

1) The study site is a stretch about 0 8km upstream of the confluence of the Berg and Palmiet nvers at
the national road and comprises a senes of nffles, runs and pools (Wadeson 1994) (Figure
42 3 1) Dunng a prelminary study i 1993 a stretch of about 0 § km consisting of 2
nffles, 2 runs and a pool 1s sampled at monthly intervals from February to September In
1994.96 the stretch, which was sampled weekly, 1s the run where the highest densities of
A auriculata were recorded throughout the year in 1993, Dunng the weekly field samples,
the specimens which were collected, were measured as described below and immediately
returned to the upstream area of the study site in order to minimize the impact of the
mvestigation Animals which were captured and retumed to the laboratory were collected
downstream from the study site Water temperature, conductivity and pH were taken
weekly and averaged for each quarter (Table 4 2 1 1) and the water level of the stream was
also noted Daily maximum and munimum air temperature as well as ramfall 1s recorded
automatically and was used to calculate degree days (DD) for the area using the formula
DD = mean T-To ) where To = 10°C, chosen from the literature as the temperature below
which no development may take place DD was summed for weekly penods to comcide
with the sampling strategy

Table 4 2 1 | Average water quality information from the Palmiet River 19941904

YEAR SUMMER ALTUMN WINTER SPRING

Condtie pH TDS T pH TS T pH TDS < pH TS <
1904 55 08 4 245 72 a4 21 60 86 176 70 n 172

1946 60 735 201 70 a3 194 80 86 121 70 90 X
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Sampling Method and Measuring Techniques.

2) Collecting was by handnet with 80.m mesh which was downstream from a rock which was hifted

and washed mto the net. The contents were placed in a § litre bucket contamnmng stream
water At the site the nymphs were sorted in a shallow tray and measured For the
denvation of quantitative data, the collection method was for the same collector to collect
for a standard ume penod These samples were preserved and returned to the laboratory
The sub-tmagmal shucks, cbserved on rocks at the edges of the stream, were counted each
week, as were adults, either resting on the edges of the stream, drowned, or caught in
spider webs or emergent traps

3) The dorsal head-widths (HW) across the widest points at the eyes were measured in the laboratory

4) Analysis

using a calibrated microscope eyepiece at 250 times magmification or on a calhibrated 'V’
on graph paper The head widths show a closer correlation to the instar than does body
length which can vary considerably, as discussed below n section 4 3 Durning the weekly
sampling of 1994-05 the head-widths (n=50) were measured in the field The smaliest
nymphs below 0 8mm are more difficult to capture, and the largest sizes are comparatively
scarce. The two groups were purposefully sought, while the other sizes were collected
randomly. During 1996 the entire sample was measured and collections were only done at
fortnightly intervals. Once measured the mnsects were placed i a holding bucket to prevent
re-sampling and were released into the same site once the sample was complete The
smallest individuals (<0 4mm HW) were never captured alive, which leads to an
underestimation of the proportion of hatchling nymphs in the population as well as
difficulty n estimating hatching peniod and the duration of the earhest part of the post
embryonic peniod

The samples collected were grouped i two types of size classes To ascertain the
population dynamucs the first division was rather coarse, those below 0 9mm HW were
grouped and represent the recrunts from the hatchlings of the previous laymg The sizes
hetween 1 0 and 1 6 mm HW were considerad the standing stock of the population. The
sizes above | 6mm, which have wingbuds visible to the naked eye, represent the sub-adult
maturation phase. The mean size and standard deviation of this group and of the entire
sample was calculated For the purpose of ascertaming the population growth rate the size
classes were smaller, being 0 4mm apart. This grouping was used with the program

FiISAT in an attempt to determune growth rate and lifespan in the population (see Chapter
322).
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Results
Temporal variation in population.

The head width (HW) of Adenophlebia auriculata ranges from 0 04mm to 2 Tmm, which was the
largest sub-adult female ever recorded from the Palmiet Figure 4 2 1 1displays the mean size of the
population for the entire samphing penod. The most stnking feature 1s the degree of simularty between
samples, between seasons and between years The mean size of the samples collected was between 0.7
and | 7 with a grand mean of | 2mm A mean head width of less than 1mm was only recorded for five
samples The smallest mean size recorded was in Apnl 1995, (0 70=0 386mm) a sample collected after
a period of adult emergences A drop in the mean recorded size generally follows adult emergence and
can be ascnbed to both the large adults leaving and the hatchling nymphs beginning to appear m the
collections. The mean size of the nymphs in the summer and autumn of 1994-95 followed a trend of
dechning mean size after the early spring flight due to this occurrence. Towards the end of summer the
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Figure 4 2 1 | The mean head width @( -STD) of weekly sample of nymphs of 4 auriculata for a two
and a half year penod, together with the numbers of emerged adults (A) observed duning the weekly
collections n the Palmuet River, overlaid with weekly aenal cumulative DD(-l-).

increases agam (weeks 48-60) then declines. The same trend was agamn observed i the 1995-1996
from weeks 84 to 108 The effect of the summer hatchlings entering the population can be seen in late
autumn before week 24, 72, and 120 when mean size of successive samples show a decline. A large
group of small nymphs were measured before week 72 The largest mean sizes are recorded at the
beginning end of summer (Just before week 60 and 96).
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The principal reason for the consistency in mean
besd width 231997 size can be found n the composmion of the
R population throughout the year Figure 4212

depicts the composition of a sample of 812 nymphs
collected from the Palouet River, preserved and

1416

77777 _ v measured under a binocular microscope This gives
Illl i D an accurate reflection of the population structure at
10 2 e ee—rt ) 60 Seem the height of summer and also shows which

proportion of the sample are true hatchlings (the
clear shice) As can be seen about 50% of the
sample compnses the muddle range of sizes. If this
Figure 4. 2.1.2 Proporton of the population which s . e .
found 1n cach size class at the end of the summer pre chan s compared to Figure 41213 the

emergence The small pie gives an indication of the fine similarity of the ulation composition 1s
divisions in each class. Thus sample was preserved and y Pop

measured under magnification immediately obvious. A notable feature of the
population profile for 1994 1s the standing stock of

nuddle size nymphs (1 - 1 6 mm HW ) the cross hatched shice forms the upper end of this group) which 1s
usually about 50% of the sample except for brief peniods The numbers of recrusts in the samples
fluctuate considerably but it 1s clear from Figure 4.2 1 3 that recrutment continues throughout the year
Another feature worthy of note 1s the consistent presence of sub-mature nymphs the shce immediately
above the crosshatched segment Right through winter (16/6/94 t01/9/94) this proportion remains present
and consistently compnsing more than 50% of the sample The hatchlings make a significant appearance
mn summer 27/10/94  To show the consistency of the type of population composition across years Figure
4.2 1 4 was compiled from samples from similar ime penods from all three years duning which
mvestigation took place If one considers the single sample from 1997 (Figure 4 2 | 2) as well, it seems
that Figure 4 2 1 3 gives an accurate picture of the population profile for A auriculata nymphs in the
Palmuet River

The dynamucs of the size class from 1 6 to 2 4mm HW was investigated by separating this group from the
smaller nymphs which meant that the mean size was unaffected by the recrutment of hatchlings (Figure
42 15) Inthe period before emerging, these nymphs, which we term sub-adults, metamorphose,
developing wingbuds, testes and ovanes | he nymphs of this size ciass were present wi all but a fow woeks
during the year (Figure 42 12 and Figure 4 2.1.3) In Figure 4 2 1 5, the emerged adults are indicated by
arrows above the mean size of the sub-adult nymphs of that week, which are displayed i conjunction with
the weekly degree days. What becomes apparent is that there are extended penods of emergence dunng
which the mean size of this group remains above 1. 75mm, while duning winter it drops below that. Eighty
three percent of the samples from the winter/spnng period
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8/5/94 16/5/98 8/5/96
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Figure 4 2.1 4 Proportions of each size-class in late autumn at the time of the autumn
emergence, in three years The consistency of proportion across the years 1s the major
feature The clear wedge represents the smallest size class 0 2-0 4mm HW

(31/5-4/10) had mean HW <] 75mm , while in the preceding summer/autumn (2/3-31/5) and
spring/summer penod followmng (11/10-24/1) only 16% to 33% of the subadult samples were <1 7Smmean
HW (Figure 4 2 1 5) The last two samples before the spring emergence both have a mean size of 1 75mm
which may be an indication of the immunent spring emergence The considerable drop in mean size
following the spring flight 1s clearly as a result of a batch of large adults leaving the population. Dunng
summer the mean size of the nymphs do not appear to have any effect on the emergence rate The small
mean size of the overwintening sub-adult could be as a result of both the emergence of the remainder of the
large mature nymphs i spring and the retarded growth rates during the winter penod when the maximum
weekly temperature recorded in the nver seldom exceeds 20°C

From Figure 4.2.1.1 and Figure 4.2 1.5 1t is clear that there are extended penods of emergence during the
year but that at tumes more adults were seen than at others, which ndicate that there are penods of untense
ovipositing. A. auriculata adults usually live for no more than four days This would indicate that
emergence aught to be closely synchronized. Duning the peniods of high levels of emergence this could be
so but during those penods when fewer adults emerge mating opportunities may be more chancy. The
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penods of mtense emergence occur i early spring when the overwintenng mature nymphs emerge (before
woeks 48 and 96) m summer and late autumn. The summer emergence of 1994, started at a low level No
adults were observed in October for a few weeks Then the number of emergences gradually increased until
a large number were observed duning February just before week 60. As the summer progresses, flights
became less frequent with a hiatus occurrng mn antnmn during Ann! and sarly Moy The sumunc

emergence mn 1995/6 started earher and was more regular for a longer and the peak occurred earher than
1994 at around weeks 99-100 ( November to January)
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Figure 4 2 1 5 The mean+STD of the sub-adult nymphs in the Palmiet River from March 1905 1o
May 1996 The arrows indicate flights which are coded for number. The cumulative DD for the area
dunng the same penod is depicted on the lower chant

In 1994 (Figure 4 2 1 1) autumn emergences occurred in late Apnl early May (weeks16-18), when about
30 adults and final instar shucks were observed In the pie charts dated 24/3/94 to 8/5/04 of Figure 4 2.1 3
the large proportion of subadults bear further testimony to the possibility of flights. Duning 1995 this
penod was closely monitored The samples from weeks 69 to 72 collected from the 2/5 to the 31/5/1995
ndicate a similar pattern for 1995 Duning the autumn of 1996 (weeks 108 to120) flights showed a similar
pattem to 1995 and the autumn hiatus was pushed nto early winter the last flight taking place after week
120 in early June (Figure 4 2 2, Figure 4 2.1 5)

The spring emergence which occurred in weeks 35-37 and S adults and 22 final mstar shucks were
observed The relatively short period of this emergence 1s most likely an artifact as there was a rainstorm
the following week which could have washed the shucks off the rocks. This deduction i1s supported by the
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fact that the number of sub-adult were still hugh in the nymphal population despite the large emergences the
preceding weeks The spring of 1995 bears this out as emergences were recorded for the whole of October
and November (weeks 92-100).

Durning winter and early spring (weeks 24-36 and 74-86) no shucks were recorded although the sub-adults
were present (Figure 4 2.1.3, pie 28/7 to 18/8/94) The early spring emergence expected between week 84
and 86 did not happen and the first shucks were counted i early October (week 90) The biggest
differences between autumn 1995 and 1996 ( weeks 60-72 and 108-120) 1s the extended penod of
emergences i 1996 when the autumn hiatus was half of that in 1905

We feel that this can be directly attnibuted to the greater heat mput of 1996 The heat summation in total
DD for that year was about 2800 while for the previous year nt was 2500 (Figure 4 2 1 6b) Although the
observation of adults in the field 1s not quantitative nor totally accurate (it can be masked by the nver
flooding and washing shucks off the rocks and drowning sub-imagoes, as well as observer failure) we feel
that it gives as reliable mdication of emergence penodicity.

A auriculata has a complex hife history m the Palmiet River which is rather difficult to interpret
Successful interpretation depended on discovering if the species 1s multivoltine or univoltine To establish
this, the life span of one cohort A auriculata needs to be determined. We have attempted to accomplish
this by three different methods: a) Deductively by attempting to establish the heat summation between
major emergence penods b)By using growth rates obtained experimentally ¢) By using a computer
program, FISAT developed for the purpose of analyzing overlapping cohorts in fish

Beside available food, daily temperature input nto the area and the climatic region has a major nfluence
on the emergence penodicity of poikilothermous. Therefore we give two charts which show the thermal
conditions of the Eastem Cape dunng the study period Figure 4 2.1 6 a) shows the temperature recorded
in the Palmuet River by a max/mun thermometer for a penod of a year and the aenal temperature were
recorded at a weather station 20km from the nver One or two of the recording appear anomalous such as
the 24°C max nver temperature at about week 77 or the 15°C recorded the following week when there 1s
no apparent aenal correspondence

Cohort analysis.
In Chapter 3 we give a detailed description and discussion on the vanous methods and techniques which are
available to assess cohort growth and to distinguish multiple cohorts. Length frequency distnbution
analyses is most commonly used Separating overlapping cohorts remain problematic, despite the
mathematical model developed to deal with such populations In A auriculata the problem is further
complicated by the continual recruttment of hatchlings throughout the winter from the eggs laid during the
autumnal flights. The extended emergence penods give further ndications that in the Eastern Cape,
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Figure 4 2 1 6 a) Weekly maxamum and mmimum water and aenal temperatures for the Palmuet
River and nts geographical area b) Cumulative DD for each vear from 1993 to 1996 was summed

from the coldest midwinter day each year

recrustment to the population of this mayfly is continuous. When Figure4 21 3 and Figure 42 1 4 are
exammed agamn 1t becomes clear just how closely the cohorts overlap. The population can undergo
differential growth rates depending on the ambient temperature and quality of available food as can be seen
from Table 4 1.1 This can result n the overwintenng standing stock expenencing growth retardation to
some degree which will extend the life span for these cohorts relative to those which hatch from the spring
spawning So the question about length of the life cycle remam difficult to resolve, for although 1t is now
known when the mating penods are, we have not yet been able to accurately predict the penod between
hatching and when the 0 4mm HW nymphs appear in the samples. We also have no idea wether autumn
eggs hatch or wether they remam in diapause and hatch near or simultaneously with the spring eggs.
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In Figure 4 2 1 6 the observed adults are plotted aganst the cumulative DD As no emergence were
recorded for the winter period we feel safe to assume that no eggs were laid from mud June to end of August
(weeks 24-34 and 74-86) The autumn emergence at weeks 12-24 and 70-74 was used as suttable starting
pomt from which to calculate possible generation penods. The start and end of the winter penod where
there are large numbers of flights was used as an estimated cut off pont.  That bemng so, t appears that
2200-2500 DD may be the requisite amount of energy for A auriculara to complete nts life cycle. If 2000
DD were sufficient then emergence would have had to take place m week 84 which 1s midwinter The
largest number of surtable termmation pomnts occurs where the recorded emergences comcide with 2500 DD
mn Figure 4 2 1 7 In terms of ume, the generation penod can be anything between 48 and 50 weeks So
why was there not an emergence in week 84”7 It can be that the 1994 spring generation delayed their
emergence due to a cold early spring n 1995 From Figure 4 2. 2. 1t can be seen that the early spnng i
1995 was mdeed cooler for an extended penod Compare the weekly DD profile between weeks 31-39 and
79-87m Table 42 12 The * indicate those weeks which were cooler n1995 The total thermal mput for
that peniod was also less

Table 4 2 1 2 Companson the cumulative weekly Degree Day in like weeks i early spnng in 1994 and 1995

WEEK 1994 DD DD WEEK 1995
31 17 19 79
32 15 23 81
33 21 12* 82
34 45 40 83
35 60 38* 84
36 39 38 85
37 46 Y { g 86
38 48 3l 87
39 32 total 323 49 total 277 88

However a further calculation from observed data can be made to corroborate this evidence The laboratory
growth data obtaned previously (Table 4 1 1) indicated that instantaneous growth rates ranging from 0014
to 0.045mm/day could be expected, depending on both temperature and food quality The highest growth
rates were obtained at a steady ambient temperature of 25 °C and on a diet supplemented with
TETRAMIN. These conditions are both abnormal and these high growth rates can therefor be ignored for
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the purpose of calculating lifespan and growth in the field under natural condtions  Nymphs needed
between 10 and 14 weeks to grow from 0 6mm HW to matunty at2 4mm HW at 20 °C under laboratory
condrtions at ambient fluctuating temperatures

From the egg fertilization expeniment in 1994 it was established that the eggs hatch in 17 to 20 days (2-3
weeks) at average ambient temperature of 20°C  If the mnstantaneous growth rates obtamned expenmentally
are extrapolated to weekly growth and the divided by the possible HW achieved by males and females
respectively, the possible generation penods vary from 12 to 38 weeks (Table 4 2 1 3) Add the two to
three weeks for hatching to take place and the generation penod then ranges from 14 to 40 weeks If this
penod 1s apphed to Figure 4 2 1.7 the thermal input needed to complete the hife cycle 1s reduced to 1800 to
2000 DD This seems perfectly feasible, as no flights would then concide with the winter penod
Unfortunately 1t 1s not possible to get an accurate DD calculation for laboratory conditions as the

temperature was not measured daily
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Figure 4 2.1 7 Emergences observed at the Palmiet river plotted with the cumulative DD summation
calculated from each emergence peniod The winter penod 1s around weeks 24 and 84 and these penods
were used as starting point for esimating the generation penod.
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Table 4 2 1 3 Generation umes calculated from laboratory-obtamed growth rates.

Instantancous growth rate  weekly growth rate weeks 10 achicve | 8Smm  weeks 10 achieve 2 4mm
HW HW

0.009 0063 2857 81

0014 0098 18 36 245

002 014 12 85 1714

The discrepancy in the life cycle between males and females can be partially explamned if Figure 4 2 1 815
exammed As sub-adults mature, the relationship between head-width and length, head-width and wingbud
length changes, and the measurement of HW as indicator of size should be viewed with caution

Regressions of these body proportions were plotted with head- wadth as the independent vanable, separately
for males and females. What 1s clear from these regressions is that males are shorter and with smaller heads
than females and that wingbud developmem escalate after | Smm head-width 1s reached However this does
not mdicate if the males of the cohort will emerge five to ten weeks earlier than the females or if the male
growth 1s slower than that of the females It has been observed by De Bisthoven (section 4 3) and previously
by us, that males do emerge earlier than females m the laboratory

Further corroboration for the hife cycle was the sought by using the program FISAT For the principles
underlymng the methods employed by FISAT of Gayanilo er.al (1995) see Chapter 3.2 The samples for
every two week were combined, placed in 0 2mm size classes but had to be separated into two sequential
sets as the data set was too large for the program to handle (Figure 4 2.1.9) Only one calculation for the
procedure 1s shown here  Modal Class Progression Analyses vielded no statistically acceptable results for
the data set. The ELEFAN program to estimate growth by tracing growth curves through a time sequence
population sample was then used In Figure 4 2 1 9 both the seasonalised and non seasonalised curves are
shown The amplitude C=1 allows for zero growth dunng the winter peniod  The results from the best fit Rn
values indicate that the mayfly has an annual hife cycle, at a growth rates of x 0045 mm/day
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Figure 4.2 1 8 Regressions of body length and wingbud length against HW as the independent vanable
The regressions were fitted to the 4 order A Males B Females The smaller size recorded for the

younger females 1s most probably an artefact as in small males the differential eye development would
not be distmguishable
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Discussion

Sampling method
In designing a field sampling protocol the dilemma 15 to choose a sampling procedure which wall yreld the
most comprehensive and representative nsight into the dynamics of the hife history The problem areas as
far as this nvestigation 1s concerned were an extended emergence penod and a short lived adult phase
poorly documented behaviour and an apparent overlap i size classes We concur with Malicky (1989)
when he questions the validity of using the captured aenal phases of aquatic insect to deduce quantitative
measures such as secondary production To counter this problem, the presence or absence of the adult and
subimaginal shucks in the surrounds of the stream was used as an indication of emergence However an
absence of the shucks could not be taken as an indication that no emergence activity was taking place as
ran and nsing nver levels could wash the shucks off the rocks As the mvestigation proceeded the pre-adult
nymphs were more carefully scrutimzed and documented

Cues for population changes
Studies have shown that flooding 1n unstable nvers, changes in water temperature and pH, pollution and
food availability are amongst the factors that affect survival and distnbution of other !eptophlebnd mayflies
(Colhier & Winterboumn, 1990, Dudgeon, 1989, 1900, Graesser, 1988, Hall ¢7 o/, 1988, Jowett er al, 1991,
King ¢r al, 1988, Scrigmeour ef al, 1988, Scrigmeour and Winterbourn, 1989, Scnimgeour, 1991) Durning
the penod of nvestigation several flooding penods occurred when the niver level rose dramatically and
sampling was somewhat difficult These data have not yet been combined to ascertain comcidence Figures
422and Figure 4 2 | 4 appear to show comcidence between nsing acnal temperature and flights when
the ambient temperature has either been falling, such as at the end of summer, or has been low for an
extended penod of time, such as during winter A peak of temperature at week 36 comcided with a flight. At
week 72 after a short hiatus, the nse i ambient temperature resulted in a large flight and agamn at week 89-
90 However emergence does continue after the temperature has dropped such as at week 75

Temporal population dynamics and emergence periodicity
Brittamn (1976) has shown that ancther leptophlebnd, Leprophlebia vespertina, i the northem hemusphere,
has an adult emergences n late autumn and early winter However it has become increasingly clear that the
voltimism of aquatic msects in temperate areas are quite different from those in sub-tropical areas This s
largely due to the fact that temperature seems to be the major controlling factor influencing emergence
penodicity as previous studies have shown (Bnittamn, 1976 1982, Sweeney er o/, 1978, Newbold er al 1994,
Giberson & Rosenberg, 1994)
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From the first nvestigation duning 1993 nt was possible to deduce the nature of the population structure
and to predict possible adult emergence penods for A auriculata m spring and autumn. This complemented
the findings of Sweeney (1978) who showed that Isomvchia bicolor winter generations underwent a fairly
synchronous emergence in the first ten days of spnng in response to higher water temperatures n
Pennsylvama That the emergence i spring 1s fairly synchronous, 1s imphed by the appearance of large
numbers of late mstars m August (Weeks 35-37 and 88-96) (Figures 4 2 4 & 5 ) and the appearance of
large numbers of shucks i the stream In the subsequent extended and intensive sampling 1t became clear
that the emergence of A auriculata, 1s not confined to spring and autumn, but that extended and the major
flight penod s occur m summer (in some years starting i October, mn other years mn November) through to
late summer The weekly sampling regime revealed that small numbers of nymphs emerge repeatedly, but
that large numbers will emerge in a more synchronized fashion i spring , late summer and autumn (weeks
24,36,58,72 98-102) According to Needham & Traver (1972) thus trend of a few general emergence
penods with a few 1solated emergences throughout the year 1s fairly widespread in the more common
species of mayflies Contrary to the finding of Wise (1980), the mean size of the final instar nymphs dunng
the spnng emergence was not greater than the mean size of the nymphs emerging m summer or autumn
The samples have a shghtly larger mean size

Conclusions

The life history of the mayfly 1s charactenzed by repeated emergences throughout the year except from
mid-winter to early spring. This life hustory style 1s often charactenstic of highly changeable environments
as well as a chimate which 1s not strongly seasonal The Eastern Cape 1s a typical environment of this type
For long penods of the year the weekly DD summation can fluctuate wadely and 1s very unpredictable The
seasons are not totally distinct and although the wanters are cold, the duration 1s quite short. The fact that
emergences occur between these major events makes the analysis of the captured samples to determuine the
life cycle extremely complex. The life cycle 1s most probably annual or semu-annual in that t may fall a few
weeks short of 52. The energy budget required the nymph to complete this life cycle 1s between 1800 and
2000 DD A final answer about the life cycle will only be available once a field reanng expeniment has
been done.
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4.2.2 POPULATION SIZE DISTRIBUTION OF THE NYMPHS OF ADENOPHILEBIA
AURICULATA IN TWO EASTERN PROVINCE RIVERS, AND THE APPLICATION OF
THE BIOTOPE CONCEPT TO ECOLOGICAL STUDIES.

Bnan Hunt Honours project Zoology (1997) under the supervision of EH Haigh

Introduction

Many environmental factors nteract to affect the habitat distnibution of lotic benthic macro invertebrates
These include abiotic factors such as substratum type (Moss er al, 1987), substratum stability (Cobb er @/,
1902), current velocity (Egghshaw, 1967), pH and temperature (Vannote and Sweeney, 1980) and hight
(Brittain, 1982) Biotic factors include predation (Collier, 1994), competition (Lancaster ¢r o/, 1988) and
food supply (Wilson, 1975)

Numerous studies have indicated that nymphal size 1s an important factor in determining the distnbution of
animals amongst biotopes (Cummuns, 1964, Hall er a/ , 1980, Holomuzk: and Messier, 1993, Lancastar
and Hildrew, 1993) This 1s a direct result of differential interactions between nymphs of different sizes and
the above mentioned environmental factors. Interactions that have been investigated imclude predation
(Lancastar and Hildrew, 1993), competition (Hildebrand, 1974) and differential resource utihisation
(Palmer, 1991) Life history charactenstics also play an important role in determuning nymphal distnbution.
For example, the presence of small nymphal Paraleprophlebia sp n nffles have been attnbuted to adults
laymng their eggs in this biotope (Needham, er al 1935) In the case of Adenophlebia auriculara the
occurrence of large nymphs in slackwater has been linked to their requirement for emergence structures
providing them with access to the terrestnal environment (Haigh and Davies-Coleman, 1997, Collier,
1994) A study conduced by Hunt (1996) indicated that the distnbution of A awriculara 1s affected by the
size of the nymphs and one of the principal aims of this project was to investigate this further

The scale on which a study 1s conducted has important implications for the vanables recognised as affecting
the system under study (Mmnshall, 1988) To be of use in ecological studies habitat units must be of a scale
relevant to the ammals of interest However as Pringle er a/ (1988) stated,

“Patchiness within streams at scales percerved and/or exploited by stream organisms 1s a reality that has
often been ignored™ (p 504)

A Interature search reveals the biotope concept has been used extensively in ecological studies Thus is due to
the ntuitive knowledge that biotope charactenstics affect the distnbution of macro invertebrate assemblages
n streams (Palmer e al | 1991) However, a review by Wadeson (1994) showed that biotopes are usually
subjectively defined, and where the same termmology has been used there 1s a considerable lack of
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consistency, with dufferent terms applied to the same features and the same term applied to different
features

One system widely used in South Afnca 1s the system which is referred to as the ecological biotope concept,
descnibed in (Table 1) Rowntree and Wadeson (1996) have developed a new biotope classification based on
stream hydraulics - the hydraulic biotope concept The charactensation of hydraulic biotopes 1s based on
the assumption that “Surface flow charactenstics can be used to distinguish habrtat classes which are
relatively distinctive in terms of both near bed and mean flow conditions™ , (Rowntree and Wadeson, 1996,
p 281)

In Table 2 the hydraulic bictopes are defined in terms of physical charactenstics and flow types As yet the
ecological significance of hydraulic biotopes 15 unproven (Rowntree and Wadeson, 1996) However, stream
hydraulics are believed 10 be one of the fundamental abiotic factors m determining the distnbution of lotic
mnvertebrates (Statzner ef a/ | 1988) and collective expenence indicates that they will indeed be ecologically
relevant (Rowntree and Wadeson, 1996) This study will investigate the sigmificance of the hydraulic
biotope to A. auricuiata, and compare 1t to the presently used ecological biotope classification.

Aims

I To determune the size distnbution of A. anriculara nymphs amongst lotic biotopes

2. To determuine whether flow rate and substrate type affect the size distnbution of nymphs

3 To investigate the effect of nver scale on size distribution

4 To nvestigate the application of the biotope concept to anumal distribution, with particular
reference to the hydraulic biotope concept
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Materials And Methods

Study sites
The Palmuet River (26°26'E 33°22°S) 1s an upper tnbutary of a coastal nver, the Bushmans River, and
anses about 70 kilometres from the coast The sample sites were situated approximately 14 kilometres
south west of Grahamstown at an altstude of 526 metres (Figure 4 2 2 1) The nver has charactenstics of a
perennial mountam stream with clear water and a turbulent flow. It 1s never more than 2 5 metres wide and
1s unimpacted by impoundment in the area of the study sites

The Buffalo River 1s a steep coastal nver system charactenstic of those draining the eastem escarpment of
South Afnca (Figure 4 2.2 1) From nts headwaters in the Amatola Mountans, at an altitude of 1300
metres, it flows in a southerly direction for 125 km before discharging into the Indian Ocean at East
London The sample sites for this study were situated in the upper reaches of the nver where 1t 1s between 4
and 6 metres wide Here it 1s described as a “steep mountam or foothills type boulder or cobble stream”
(Rowntree and Wadeson, 1996) It flows through indigenous vellowwood forest, 1s unimpacted by
impoundment and has a perenmal flow
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Sampling
Three sampling sites which encompassed all six ecological biotopes (Table 4.2.3 1) were selected m each
river Two representative samples were made from each ecological biotope at each sampling site using an
80 mucro metre handnet, vielding 36 samples per sampling penod Each niver was sampled on three
occasions at six-week-mntervals (March, Apnl and June 1997)

Table 4 2 2 1 Table of the ecological biotopes sampled and their descriptions

ECOLOGICAL BIOTOPES DESCRIPTIONS OF ECOLOGICAL BIOTOPES

Stones-mn-current (SIC) The presence of gravels, cobbles or boulders in any body of water n
which flow velocity 1s strong enough to prevent the settlement of fine
sediment or detritus

Stones-out-of-current (SOC) The presence of gravels, cobbles or boulders in any body of water in

which flow velocity 1s low enough to allow the settlement of fine
sediment or detritus

Margmal vegetation (MV) Emergent vegetation ansing from anywhere within the stream, and
occurring at any current velocity

Leaf-packs-incurrent (LPIC) | Leaf packs occurnng at any current velocity high enough to prevent
the settlement of fine sediment or detritus. Often occur n snags

created by a fallen branch
Leaf-packs-out-of-current Leaf packs occurnng at any current velocity low enough to allow the
(LPOC) settlement of fine sediment or detritus
Sandy bottoms (SB) Charactensed by fine substrates, either silt or sand, which are

allowed to settle because of low current velocities This biotope 15
usually associated with pools

For each sample the following abiotic vanables were measured and recorded

I Hydraulic biotope (Table 4 2 2.2). The hydraulic biotope rapid occurred i the Buffalo River but no A
auriculata nymphs were recorded from 1t so it 1s excluded from the analysis

2 Flow rate (average measured over a 30-second penod), was recorded Scm above the substratum, for each
biotope in each sample with a Marsh-McBimey model 2000 portable electromagnetic water
flow metre

3. Depth

158



4 Substrate type (Table 4 22 3)
5. Temperature

6 pH

7. TDS

Table 4 2 2 2 The hydraulic biotopes with general descnption and flow type (sensu Rowntree and Wadeson,
1906).

HYDRAULIC | GENERAL DESCRIPTION FLOW TYPE

BIOTOPE

la Rapd occur over fixed substrate such as bolder and undulating or breaking
bedrock standing waves

1. Ruffle occur over coarse alluvial substrate from gravel to | undulating or breaking
cobble, relative deb roughness high standing waves

2 Run occur over any substrate except silt, relative nppled flow
roughness low

3 Chute occur in boulder and bedrock channels where flow | Smooth boundary turbulent
1s funnelled between macro bed elements, exhibit flow exhibiting flow
flow acceleration acceleration

3 Ghde occur over any substrate as long as the depth 1s Clearly percepuible flow
sufficient to minimize relative roughness without any surface

disturbance

4 Slackwater | hydraulically detached from the mamn flow but barely perceptible flow
within the main channel, occur over any substrate

5. Backwater area physically separated from the mamn channel, barely perceptible flow
connected to it at downstream end. Occur over any
substrate.

6 Pool direct hydraulic contact with upstream and barely perceptible flow
downstream water, occur over any substrate

All samples were preserved in 10% Formaldehyde in the field Samples were sorted in the lab and all the A
auriculata nymphs removed and transferred to 90% ethanol Nymphs greater than 0.5 mm head wadth were
removed without the help of magmification. Nymphs smaller than this were extracted under a dissecting
microscope after being brought to the surface by flotation in a saturated magnesium sulphate solution_ It
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was not possible to identify the hatchlng 4 auriculata nymphs below 0 3 mm head width in the Buffalo
River as other leptophlebnd mayflies, with which they can be confused, occur here

Head width, to the nearest hundredth of a micrometer, was determuned by micrometer evepiece and 1s used
as a measure of nymph size The head width 1s a more conservative measure of size than body length which
tends to vary at sexual maturity, and between sexes (Haigh, see section 4 2 2 & personal communication)
Once measurements had been completed the nymphs were placed m size classes (Table 4 2 2 4)

Table 4 2 2 3. List of substrate types and particle size (mm)

Substrate type Substrate particle size
1. Sikt <0125 mm

2 Sand 0125-005 mm

3 Gravel 05-20mm

4 Small cobble 64-128 mm

S Large cobble 128-250 mm

6 Small boulder 250-500 mm

7 Medium boulder 5001000 mm

8 Large boulder 10004000 mm

0

Vegetation

Table 4 2 2 4 Size classes used for the categoncal analysis of A auriculata nymphal distnbution

Size class categones

Size class (mm)

1 Hatchlings

2 Small nymphs

3 Medium nymphs

4 Sub-mature nymphs and mature males

5 Mature males and females

0.1 mm-05 mm
05 mm -1 mm
I mm-15mm
1.5 mm - 2 mm

2mm-25mm

Data analysis

Inmially a separate analysis was conducted on the March, Apnl and June samples However, not all
biotopes were sampled in each month and in some nstances the samples from biotopes were too small to be
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used m the analysis The data sets for the three months were therefore pooled to increase the sample size
and to mclude all biotopes so that nymph distnibution patterns could be compared between the two nvers
Adenophlebia auriculata has an asynchronous hfe history (Haigh, personal communication) which 1s
consistent with the life history pattern usually shown by ammals i unpredictable environments which most
South African nvers are (O'Keeffe, 1995) A simular pattemn 1s shown by the New Zealand Leptophlebudae
of the genus Deleandium (Death. 1995) Consequently the seasonal vanation in size distnbution should be
mmmal, particularly as sampling was only conducted over a four month penod

ANOVA was used to test the relationship between mean head width and ecological and hydraulic biotopes
in the Palmuet and Buffalo nvers ANOVA was also used to investigate the relationship between mean head
width and substrate

To obtamn greater clanty of the distnbution patterns, size class frequency distnbutions were plotted for the
two biotope classifications tested, for current velocity and substrate These were obtamed by determuning
the percentage of the total number of nymphs per size class, for each of these vanables The following
formula was used
% = [ (N 7/ (N)] x 100
Where N, 15 the total number of nymphs from a single size class
N. 15 the total number of nymphs i a size class

Contingency tables were used to analyse the distnbution of size classes amongst current velocities Current
velocities recorded were pooled into 0.1 m/s intervals The samples in reach nver were polled for the
analysis. Standardised residuals were calculated from observed and expected frequencies  For the purpose
of this study standardised residuals of > 2 00 and > -2 00 were considered greater than and lower than the

expected frequencies respectively.
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Results

Size distribution
Ecological brotopes: Mean head width
Figure 4 2 2 2 illustrates the mean head width and standard error for all the nymphs i the ecological
biotopes mn the Palmiet and Buffalo River

In the Palmiet River the smallest mean nymph size was recorded i sandy bottoms, and these nymphs were
significantly smaller (p<0 01) than m any other bictope The mean nymph size in stones-in-current was
significantly larger than n sandy bottoms but significantly smaller than nymphs i any other biotope In
leaf-packs-out-of-current the mean size of the nymphs were significantly larger than those in sandy bottoms
and stones-in-current but significantly smaller than those in leaf-packs-in-current, margmal vegetation and
stones-out-of-current There was no significant difference in mean nymph size between leaf-packs-in-
current, margmal vegetation and stones-out-of-current.

In the Buffalo River nymphs with the smallest mean size was recorded i stones-in-current. Nymphs i leaf-
packs-in current were significantly larger (p<0 01) than those in stones-in-current. There was no significant
difference in mean nymph size between stones-out-of-current, margmnal vegetation or leaf-packs-out-of-
current No nymphs were recorded from sandy bottoms However it must be noted that we were unable to
identify the hatchling nymphs below 0 3 mm head width in the Buffalo River, as they were indistinguishable
from those of other members of the famuly. In the Palmuet River these smaller hatchling nymphs made up a
large part of the sandy bottom sample
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Figure 4 2 2 2 Mean headwidth in mm with standard error of the A auriculata nymphs recorded m
the various ecological biotopes in the Palmuet (P) and Buffalo (B) Rivers Significant differences are
indicated by letter (p<0.01). Biotope codes are described in Table 42 2 1
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Size class frequency distribution

Figures 4 22 3 and 4 2.2 4. illustrate the percentage of the total number of nymphs, in each size class, found
in each ecological biotope for the Palmuet and the Buffalo Rivers. In the following and subsequent discussion

of size frequency a high percemage of nymphs will be considered as > 20 % and a low percentage as < 20
%

All s1ze classes were found in all ecological biotopes but in different proportions In stones-in-current (SIC)
mn the Palmuet River a low percentage of nymphs m all size classes occurred, except i size class 2 (28 %)
From size class 2 to size class S there was a pattern of decreasing percentage of nymphs with increasing size
class in this bictope  This pattem 1s very distinct in the Buffalo River The reverse of this occurs in stones-
out -ofcurrent (SOC), with larger percentages of the larger size classes In the Palmuet (24 %o to 27 % of the
total number of nymphs per size class m all size classes except the smallest and in the Buffalo the percentage
of nymphs increased with increasing size from class 2 to S The highest percentage of nymphs n this
biotope was recorded m size class S (50 %)

In marginal vegetation (MV) n the Palmiet River there were a relatively low percentage of nymphs i size
classes | and 2 However, from size class 2 to S there was a pattern of increased percentage with increasing
s1ze class (S % to 39 %) In the Buffalo River a similar distnbution pattern is seen with the highest
percentage of nymphs to be found was m size class S (28 %)

In the Palmet River in leaf-packs-in-current (LPIC) size class 4 was relatively well represented (20%), as
were size classes 2 and 5 (17 %), while in leaf-packs-out-of-current (LPOC) all size classes were relatively

well represented (17 % to 25 %)

All size classes were poorly represented i leaf-packs-in-current and leaf-packs-out-of-current n the
Buffalo River

In the Palmuet River on sandy bottoms (SB) a relatively high percentage of size class | nymphs (32 %)
occurred but there were few nymphs from size classes 2to S
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Figure 4 2 2 3 Percentage of the total number of nymphs found i each size class, recorded in each
eclogical biotope in the Palmiet River The biotopes are descnbed in Table 42 2 1.
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Hwdraulic biotopes. Average head width

Figure 4 2 2 5 illustrates the results of a multivanate analysis of the relationship between head width and
hydraulic biotope

In the Palmuet River the smallest nymphs were found in chutes and the largest in ghides and backwaters
There was no significant difference (p<0 01) in the mean size of nymphs found i nffles, pools, runs, and
slackwater The nymphs from nffles were significantly different from those i chutes (larger) and the
mean size of nymphs found in ghdes and backwater were significantly larger than those m rffles and
pools The nymphs from runs, ghdes, backwater and slackwater were not sigmificantly different
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Figure 4 2 2. 5 Mean headwidth and standard error of the nymphs of A auriculata recorded in the
hydraulic bictopes in the Palmuet (P) and Buffalo (B) Rivers The significant differences are
indicated by letters (p<001).

In the Buffalo River, nymph of the smallest mean size was recorded i nffles and the largest mean size m
backwater. There was no significant (p<0.01) difference between the mean nymphal sizes recorded from
nffles and ghdes, runs and chutes, or slackwater and backwater However the nymphs found i nffles
were significantly different from those in runs and chutes but not found in ghdes The nymphs from
slackwaters, backwaters and pools were sigmificantly larger than those from any of the other biotopes and
those from backwaters were significantly different from those in pools
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Size class frequency distribunion

From Figure 4 2 2 6, which illustrates the percentage of the total number of nymphs, in each size class, n
the Palmuet River, it 1s clear theat the smallest percentage of nymphs were recorded i chutes and a low
percentage of nymphs in nffles, runs and backwaters In nffles 20 % of class 2 nymphs were found The
distnbution pattemn in ghdes and backwaters 1s mcreasing percentage of nymphs with increasng size class
(5% m size class | to 15 % n size class 4 in backwater and 1] % m class | to 25 % 1n class 5 in ghdes)
The largest portion of nymphs, i all size classes, were found mn slackwaters and pools (17% - 44 %)
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Figure 4.2.2 6. Percentage of the total nymphs in each size class, found in each hydraulic biotope in
the Palmuet nver

Figure 4 2 2 7 illustrates the distnbution pattem of nymphs n the hydraulic biotope recorded in the
Buffalo River Chutes, backwaters and ghdes had the lowest portion of nymphs In nffles and runs a

relatively high percentage of nymphs in size classes 1, 2 and 3 were recorded, with smaller portion of the
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larger size classes Pools and slackwaters showed a strong increase m the percentage of nymphs with
mcreasng size class, class $ having the largest representation, 67 % mn slackwaters. Nymphs of all size

classes were found m pools
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Comparison of biotope concepts

S

2 i R 5

Siwze class

Backwater
100

2 K 4 S
Suze class

.ﬂ +

il
;

Pool

a0 +
20 4
0

2 3 - S

Size class

A range of hydraulic biotopes were recorded for each ecological biotope and vice versa (Table 4 22 5.a
and b). In stones-in-current the hydraulic biotopes recorded ncluded niffle, run and chute. Leaf-packs-m-
current corresponded with the fast flowing biotopes nffle, run, ghde and chute Stones-out-of-current and
leaf-packs-out-of-current only corresponded with the slow and no flow biotopes slackwater, backwater
and pool Margmnal vegetation corresponded with these same slow flow areas as well as glides Sandy

bottoms corresponded with pools and with ghdes
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Table 4 2 2 S a The hydraulic biotopes corresponding with the ecological biotopes i the Palmiet River

| HYDRAULIC BIOTOPES

ECOLOGICAL BIOTOPES | March Apnil June
I Stones-in-current 1' run, chute nffle, run nffle
2 Stones-out-of-current : slackwater, slackwater, slackwater,
| backwater backwater backwater
3 Margmal vegetation {ghde slackwater, ghde pool
pool
4 Leaf-packs-in-current I nffle, run, ghde ghde ghde
S Leaf-packs-out-of-current : slackwater, slackwater, pool
l backwater, pool
6. Sandy bottoms | pool pool, ghde pool

-

Table 4 2 2 5 b The hydraulic biotopes corresponding with the ecological biotopes i the Buffalo River

\
HYDRAULIC BIOTOPES

ECOLOGICAL BIOTOPES | March Apnl June

I Stones-in-current k- nffle, run nffle, run nffle

2 Stones-out-of-current slackwater, pool slackwater, pool  slackwater, pool
3 Margnal vegetation l slackwater, pool slackwater, pool  pool

4. Leaf-packs-m-current | Tun, chute nffle, chute, ghde nffle, ghde

5. Leaf-packs-out-of-current : ghde. slackwater, slackwater, pool  slackwater, pool

| backwater, pool
Comparison between rivers

Figure 4 2 2 2 displays the results of a multivanate analysis of head width and ecological biotope for the
Palmiet and Buffalo nivers.

The mean nymph size recorded in sandy bottoms was significantly smaller than that in any other biotope.

There was no significant difference between the nymphal sizes recorded from stones-in-current, leaf-
packs-in-current and stones-out-of current in the two nivers In both marginal vegetation and leaf-packs-
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out-of-current in the Palmiet River the mean nymph size was significantly smaller than those i the
marginal vegetation of the Buffalo River

Figure 4 2 2 S illustrates the results of a multivanate analysis of head wadth and hydraulic biotope for the
Palmset and Buffalo nvers

In the Palmuet nver the smallest mean nymph size occurred in chutes and was significantly smaller than
the mean nymph size recorded in chutes m the Buffalo River There was no sigmificant difference m mean
nymph size between niffles and runs in the two nivers. Ghdes had a significantly larger mean nymph size
n the Palmiet Ryver than in the Buffalo River while the nymphs from slackwater, backwater and pool
were significantly smaller in the Palmuet niver than those recorded from the corresponding biotopes in the
Buffalo River

Variables affecting size class distribution

Substrate
Figure 4 2 2 8 illustrates the results of a multivanate analysis of substrate and head wadth in the Palmuet
and Buffalo Rivers

In the Palmuet River the smallest mean nymph size was recorded n sit. Sand, small cobble and small
boulder recorded significantly (p<0 01) larger mean nymph sizes than siit but significantly smaller mean
nymph sizes than large cobble and vegetation There was no significant difference in mean nymph size
between large cobble and vegetation

In the Buffalo River the smallest mean nymph size was found in sand and the largest mean nymph size

was recorded in vegetation There was no significant difference in mean nymph size between any of the
substrates.
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Figure 4.2 2 8 Multivanate analyses of the mean headwidth with standard error of the nymphs recorded
on substrates m the Palnuet and Buffalo Rivers Significant differences are indicated by different letters
(p<001)

Substrates 1=Sikt, 2=Gravel, 3=Gravel, 4=Small cobble, 5=Large cobble, 6=Small boulder,
7=Margmnal vegetation

Figure 4 2 2 9 illustrates distribution pattem of nymphs according to the percentage of the total number
of nymphs, in each size class, occurnng on each substrate type, for both the Palmiet and the Buffalo
Rivers

Apart from size class | nymphs i the Palmiet nver, a low percentage of all size classes of nymph was
recorded in silt in both the nvers However it must be remembered that the smallest nymphs were only
identified from the Palmuet River samples This fact 15 reflected m the proportion of nymphs found in
sand where less than 20% of all size classes in the Palmuet River, and only a few class 3 nymphs m the
Buffalo River, was found

In both nvers very few nymphs were recorded from small cobbles but a high percentage of nymphs i all
size classes were found i larger cobble and small boulders
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In margmal vegetation a sumular distnbution pattern were found m both the Palmuet and the Buffalo
Rivers, the percentage representation of size classes mcreasmg with ncreasing size class, size classes 4
and 5 bemng best representad

Current velocity

The standardised residuals obtamed using contingency table analysis of size class distnbution and current
velocty for the Palmuet River 1s given i Table 4 2.2 6 In all size classes a greater than expected
frequency was found i the current velocities 0 m/s, 0.1 mvs and 0.2 m/s. A lower than expected frequency
of size classes 1, 3, 4 and S was found i most current velocities > 0.5 m's The frequency of size class 2
nymphs was nerther greater than or less than expected m current velocities >0 3 m/'s

Table 4 22 6 Standardised residuals obtained usmg contmgency table analysis of size class distnbution
and current velocrty for the Palmuet River Light shading indicates standardised residuals that are greater
than expected and dark shading mdicates standardised residuals that are less than expected

Size class:
Current 1 2 3 B s
velocity
0 231 1.55 368 496 1 88
01 2133 1431 3389 4573 17.38
02 1274 855
03 0.72 048
04 057 038
05 -1.78 -1.19
06 0 57 0 38
07 -1.78
08 043 029
09 -1.15 077
1 -1.45
12 -1 68
X'=22621
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Table 4.2 2 7 illustrates the standardised residuals obtamned using contingency table analysis of size class
distnbution and current velocity for the Buffalo River where a lower than expected frequency of size class
1 nymphs was found at 0 | m/'s However, the frequency of size class | nymphs was nesther greater than
or less than expected in any other current velocity. A greater than expected frequency of size class 2, 3, 4
and 5 nymphs was found in the current velocmies 0 m/'s and 0 | m/s For these same size classes a lower
than expected frequency was found in the current velocities 0 3 m/'s and 0 8 m/'s

Table 42 2 7 Standardised residuals obtained using contingency table analysis of size class distnbution
and current velocity for the Buffalo River. Light shading indicates standardised residuals that are greater
than expected and dark shading indicates standardised residuals that are less than expected

Size class:

Current 1 2 3 Rl s

velocity

0 -1 09 436 3.25 142 43

01 2 1557 18.76 1581 15.1

02 007 03 -0 36 -0.31 -0.29

03 053 _ 4

04 026 104 1.26 1.06 101

0s 016 -0 65 078 -0 66 063

06 026 -104 -1.26 -0 06 -1.01

07 04 -1 61 -1 94 -1 63 -1.56

08 053 cy-1s; ol ;
X*=3304]

Figure 4.2 2 10 illustrates the percentage of nymphs in each size class recorded for each current velocity
recorded i the Palmuet River. All size class occurred at relatively high percentages m the lower current
velocities 0 m/s and 0 1 m/s. Relatively high percentage of nymphs i size classes 1, 2, 4 and S occurred
at 0.2 m/s and a hugh percentage of size class S nymphs occurred at 0.3 m/s All size classes occurred at
low percentages at current velocities greater than 0 4 m/s but the lowest percentage of class 5 nymphs
was recorded at these higher current velocities
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In the Buffalo River (Figure 4 2 2 11) the highest percentage of nymphs of size class | was found at 0 3
m's, 0.4 m/s and 0.6 mv's, high percentages of class 2 nymphs were found at 0.1 m/s, 0 4 m/s and 0 5 nvs
and the size classes 3, 4 and 5 nymphs were the most abundant (> 50%) at 0.1 m/s, and O mvs (18% - -
25%).
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Figure 422 10 The percentage of nymphs mn each size class occcurnng mn each current velocity recorded

in the Palmuet River.
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175



Substrate and current velocity characteristics of ecological and hydraulic biotopes:
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Figure 42212 illustrates the mean
current velocties and modal substrate
type recorded for ecological biotopes in
the Buffalo and Palmiet Rivers
respectively  All the ecological biotopes
show a strong correspondence between
current velocity and substrate, which 1s
similar m both the Buffalo River and
Palmuet River Stones-mn-current recorded
the highest average current velocty m
both nivers. In the Palmiet River the
average current velocity mn this biotope
was approxumately 0 2 m/s hugher than in
the Buffalo River Leaf-packs-mn-current
m the Palmaet had a relatively low current
velocity n companson with the Buffalo
River. Stones-out-of-current, leaf-packs-
out-of-current and sandy bottoms were

~ always associated with low or no current

Figure 4.2.2.12 Mean current velocity and modal substrate type in
ecological biotopes in the Palmiet and Buffalo Rivers

flows. Stones-in-current, leaf-packs-in-
current and stones-out-of-current were

associated with the substrates large cobble and small boulders  Leaf-packs-out-of-current and sandy bottoms
were always associated with silt and sand No values are shown for sandy bottoms in the Buffalo River as
for reasons mentioned already

Figure 4 2 2 13 illustrates the mean current velocities and modal substrate sizes associated with the hydraulic
biotopes in the Buffalo and Palmuet Rivers respectively Both nvers have a similar pattem of current flow
The hydraulic biotopes pool, slackwater and backwater are all associated with no or very slow flow. The
hydraulic biotopes nffle, run, chute and glide are all charactensed by higher flows The average current
velocity in run and chute are higher in the Palmuet than the Buffalo River Glides in the Buffalo River have
a higher average current velocity than those i the Palmiet River, the former being 0 37 m/s and the latter
bemng 022 m/s.
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The substrate charactenstics of the ecological
and hydrauhc biotopes in the two nivers are
very sumilar (Figures 422 12and 422 13)
Riffles, runs, chutes, ghdes and slackwater
were associated with the substrates large
cobble and small boulder Backwater w the
Buffalo River were associated with silt while
mn the Palmuet River t was associated large
cobble and small boulder Pools m the
Buffalo River have a high modal substrate
size of 7 due to its association with vegetation
and large cobble and small boulder In the
Palmiet River pools are associated with silt

The water chemustry of the nvers did not
differ wadely in terms of TDS and pH n any
of the samples (Table 4 2 2 8) Temperature
did differ with the Buffalo River bemng colder
on average than the Palmiet River. The effect
of temperature on distnibution was not
studied.
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Figure 4.2 2.13 Mean current velocity and modal substrate
types in the hydraulic biotopes in the Palmiet and Buffalo

Rivers

I=nflles 2=run 3=chute 4=ghdes

S=slackwater 6 =backwater 7 -pnu‘

Table4 2 2 8 TDS, pH and temperature recorded i the Palmuet and Buffalo Rivers in the March, Apnl and

June samples
Palmiet River Buffalo River
March Apnl June March Apnl June
TDS (mg1) 835 878 853 822 732
pH 74 7 7.1 736 6.52 68
Temp. *C 21 203 135 17 15 o8
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Discussion
Size distribution

It was only possible to identify the smallest nymphs mn size class | (between 0 05 mm and 0 3 mm head
width) from the Palmiet River and not from the Buffalo River Consequently the samples from the Palmiet
River give the most accurate reflection of the distribution patterns of entire size class | nymphal group,
ncluding hatchlings

The hatchlings are found mn all biotopes, mdependent of classification (Figures 4223, 4224, 4226
and 4 2 2 7) This could be construed as evidence of the adults being random spawners (not laying eggs in
any particular biotope), contrary to the case with many other mayflies (Lehmkuhl and Anderson, 1972,
Britain, 1982, Colher, 1994), and/or the eggs’ hatchlings being distnbuted by current The high
percentage of hatchlings m deposrtional areas such as sandy bottoms (EB) and pools/slackwater (HB)
indicates that current plays an important role in determuning their distnbution. These two hydraulic
biotopes include the ecological biotopes sandy bottoms, margmnal vegetation and leaf-packs-out-of-current
(Table 4 2 2 5) n which the current is slow or absent The low percentage of hatchlings in backwaters 1s
ndicative of this biotope bemng detached from the man body of the nver (Table 4 2 2 2), and consequently
receiving little mput The distnbution of size class 1 nymphs amongst biotopes with high current
velocities, indicate their telerance of higher current conditions, a charactenstic which disappears with
increasing size (Figure 4 2.2 2 | stones-in-current).

In the Buffalo River the smallest nymphs (0 05-0 3 mm) were not identifiable and so the size class |
nymphs are a larger average size (in the range 0 3 mm - 0 5 mm) than those in the Palmiet River. The fact
that the small nymphs were not identifiable may be the reason why no nymphs were recorded from sandy
bottoms i the Buffalo This may also account for the fact that the highest percentage of size class |
nymphs in the Buffalo River was found in stones-in-current (Figure 4 2 2 4)

In both the Buffalo River and the Palrmet River 3 relatively high percentage of sizc class 2 nymphs occur
n stones-n-current. This may be indicative of size class | nymphs already in this biotope remaining there,
as well as recrutment from other biotopes The decline in the percentage of size classes 3, 4 and S nymphs
occurnng in stones-in-current corresponds with the increase in the percentage representation of these size
classes m the ecological bictopes stones-out-of-current and marginal vegetation (Figures 4 2.2 3 and

4 2 2 4), and the hydraulic biotopes slackwater and pool (Figures 4 226 and 4.2 2 7). This is further
supported by the large mean nymph size recorded in these biotopes (Figures 4222 and 422 5).
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Therefore, with increasing size, nymphs m high current velocities move into biotopes associated with slow
Or No currents.

The size distribution pattern of nymphs gives some indication of the life history of A awriculata Intially
the distnbution of nymphs 1s random, as indicated by the occurrence of hatchlings m all biotopes
Subsequently the nymphs are redistnbuted through dnfting or active migration (Ladle and Ladle, 1902) 1t
1s important at this pont to reahse the stream 1s a mosaic of a number of biotopes, all of which are
interlinked in a dynamic fashion and n a continual state of flux (Pringle ez al, 1988). Transport from one
biotope to another 1s ether via active or passive locomotion  Passive locomotion by dnftng m the current
seems the most hikely common mode of locomotion for the smaller size classes. The biotopes with current
are thus a vital link between different areas of slow, or no current. The relatively high percentage of size
class 2 nymphs n fast currents indicates that the passive redistribution process occurs predommantly
amongst the small nymphs A high propensity to dnft m small nymphs has been observed in numerous
aquatic mvertebrates (Waters, 1972). Once the nymphs have reached areas of slow current there 1s active
locomotion through swimmung or walking to the optimal areas, e g within the ecological biotopes stones-
out-of-current and margmal vegetation (Figures 4 2.2 3 and 4 2.2 4), occurnng in the hydraulic biotopes
slackwater and pool (Figures 4 2.2 6 and 4 2 2 7). Not all nymphs necessanly go through a redistnbution
process. The high percentage of nymphs in all size classes in the ecological biotope stories-out-of-current
and the hydraulic biotope slackwater and pools indicates that many nymphs reach these biotopes early in
their life history and could subsequently remam there

Based on percentage representation, the optimum biotopes appear to be the ecological biotopes stones-out-
of-current and marginal vegetation, which correspond to the hydraulic biotopes slackwater and pool These
biotopes all have slow currents and larger substrates m common (Figure 4 2.2 12 and 4 2.2.13).

The question of which factors affect distnbution begs an answer.

Factors affecting distribution
The possible factors affecting distnbution include:
- Current velocity
o Substrate
. Detritus and position of biotope in the stream

Current velocity

The current velocity has a twofold effect on the biotope occupation of A auriculata nymphs. The first
effect wall be through the transport of eggs and nymphs through dnft as already discussed and the second
effect will be by the degree of current tolerance displayed by the species. The transport function has
already been discussed above so in this section we will concentrate on the tolerance of the species.
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A auriculata appears to have lowered tolerance of high current with mcrease m size Class | to 3 nymphs
were frequently found at velocmties above 0.3m/s but nymphs from class 4-5 occur seldom (Figure 42 2 10
and 422 11). Overall, in the hugher current velocities the representation of nymphs 1s lower than expected
(Table 4 2 2 6 and Table 4 2 2 7), mdicating that high current velocity or some factor associated with
high current velocity 1s sub-optimal for A auriculata

The distnbution of size class S nymphs differ in the Buffalo River and the Palmuet River in that in the
Buffalo River size class S nymphs occur at relatively high frequencies at the current velocities 0 m/s and
0.1 mvs while in the Palmaet River they occur at hugh frequencies at higher velocmties of between 0 | m's
to 0 3 m/s This 1s due to the occurrence of margmnal vegetation which occur m ghdes, an hydraulic
biotope which recorded a mean current velocity of 0 38 m/s (Figure 4.2.2.13) In the Buffalo River the
margmal vegetation sampled was confined to slackwater and pools (Tabled 2 2 5 b) This may indicate  «
that substrate type and size plays an important role in determuning population distnbution. Margmal
vegetation in ghides provides an interesting case i that there are large nymphs in an area of relatively high
current velocity. It must be recognised that the strength of the current, which was measured alongside the
vegetation, would be negated within t Thus, the current velocity measured for this biotope 1s not
necessanly what the nymphs are expenencing

The substrates large cobble and small boulder are found over the full range of current velocrties measured
(Figures 422 12 and 4.2 2 13) and are occupied by a large percentage of nymphs from all size classes.
When these substrates are divided into regions of high and low flow (this 1s done by examuning the
ecological and hydraulic biotopes in which these substrates occur) it 1s found that where they comcide with
high flow (¢ g Stones-in-current) they are donmunated by small size classes and where they comcide with
low flow (¢ g Stones-out-of-current) they are dominated by large size classes Current velocity, or some
vanable associated with current velocity, 1s thus more important than substrate i determuning the
distnbution of nymphs  An important factor, resulting from current velocity 1s detritus distnbution
Detritus 1s concentrated in depositional zones, and hence slow current zones have a higher detrital content,
of all types, than high current zones Stones-in-current and stones-out-of-current thus not only differ in
current flow but also in the amount and type of associated detrrtus

The effect of detritus can be removed by examining the size class distnbution n the ecological batope
leaf-packs-in-current in the Buffalo and Palnuet nvers In the Palmiet River nymphs of a large mean size
were found in this biotope while in the Buffalo River a small mean nymph size was found Leaf-packs-in-
current differs between the two nvers in terms of current velocity with the Buffalo River recording an
mean current velocity approximately 0 2 m/s faster than that in the Palmiet River In this instance
substrate size (Figure 4 2 2 12) and detritus content are the same, and so current velocity must be seen as
the most important factor in determining the distnbution of the nymphs.
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The role that current velocity plays in determuning biotope occupation thus appears to be influenced by the
type ans size of substrate and detritus m any particular biotope.

Substrate

A high percent of the total nvmphs i all size classes were found n the substrates large cobble and small
boulders in both nvers (Figure 4 2 2 9) Large substrates are thus optimal for all nymphal size classes
These substrates occur in a range of biotopes and consequently have a range of associated conditions
(Fiygures 42212 and 4.2 2 13) When the associated size classes and biotopes are considered 1t 1s
apparent that the nymphal size distnbution among these substrates varies according to the associated
conditions. For example, large substrates occur in both stones-in-current and stones-out-of-current and the
size distnbution pattems i these biotopes are murror images of each other (Figures 4223 and 42 24)
The biggest difference between these two biotopes is current velocity, a factor which has already been
shown to have a strong effect on size distnbution

Vegetation shows a distinct pattemn, in both nivers, of increased percentage of the total nymphs with
ncreasing size class (Figures 4 22 3 and 4.2 2 4). Unlike the substrates large cobbles and small
boulders, low percentages of small nymphs occur on vegetation. This indicates that vegetation 1s a
substrate in which conditions are surtable for later mstars This 1s supported by the high percentage of size
class S nymphs on this substrate as well as the large mean nymph size recorded i the ecological biotope

marginal vegetation (Figure 4.2.22)

Detritus and position in the stream

Detritus s an important factor in determming the distrnibution of A auricuiata as this animal 1s a
detrtivore (Palmer, 199])

The different biotopes show large differences in the amount and type of detnitus that occur within them.
Stones-in-current contains predomunantly fine detritus (Haigh, personal communication, personal
observation) Stones-out-of-current on the other hand has a large amount of detritus and a larger average
detritus particle size (personal observation). Palmer (199]) found that the gut content of small A.
auriculata compnsed only fine detritus, whereas the foreguts of larger nymphs contammed more matenial, a
larger average particle size and a wader vanety of food types. It has been suggested that this dietary
change 1s a causative factor in determining the distnbution of A auriculata nymphs (Hunt, 1996).
However, it would seem more probable that this dietary shift 1s more a reflection of increasing mouthpart
size making the nymphs physically capable to make use of a more vaned diet.
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The biotopes leaf-packs-in-current and leaf-packs-out-of-current both have high detritus contents and a
large average detritus particle size However, they have a low percentage of the total nymphs m all size
classes, in relation to stones-out-of-current and margmnal vegetation In these bictopes detritus practically
constitutes the substrate and so cannot be the limiting factor. The effect of detritus quality cannot be taken
mto account as 1t was not measured for this study However, Drake (1984) indicated that detrital partcle
size may have an important affect on the distnbution of aquatic mvertebrates The biotope leaf-packs-mn-
current 1s associated with a high average current velocity, an important factor in determuning the small
mean nymph size in thus biotope  Leaf-packs-out-of-current, however, have a high detritus content and low
current velocities yet still recorded a medium mean nymph size i both nvers. An important difference
between leaf-packs-out-of-current, marginal vegetation and stones-out-of-current 1s that margmnal
vegetation and stones-out-of-current are found on stream margins Adenophlebia auriculata nymphs need
an emergence structure for the transttion from the aquatic to the terrestrial environment (Haigh and
Dawvies-Coleman, 1997, personal observation) and so large animals become concentrated in these biotopes
This remterates what has been observed by Brittan (1982), Hall er a/ (1980), Holomuzk: and Messier
(1993) and Collier (1994) who found that during the final stages of nymphal life there 15 a movement mto,
and concentration m, the shallower areas of nvers Emergence structures include emergent vegetation and
rock, as well as the nver bank nself These are all found i margmal habrtats which incorporates the
ecological bictopes stones-out-of-current and marginal vegetation and the hydraulic bictopes slackwater,
backwater and pools

Comparison between the rivers

The size distnbution pattemn of nymphs in ecological biotopes was similar in the two nvers (Figure
422 2) The only differences were that margmal vegetation and leaf-packs-out-of-current i the Buffalo
River had a sigmificantly larger mean nymph size than the corresponding biotopes in the Palrmiet River
However, both of these biotopes recorded high mean nymph sizes in the respective nvers

In terms of the hydraulic biotopes the same pattem of small nymphs i fast current and large nymphs in
slow currents is shown m both nvers (Figure 4.2 2 5) However, the mean nymph sizes recorded in the
same hydraulic biotope differed significantly between the nvers In the Palmiet River chutes recorded a
significantly smaller mean nymph size than chutes i the Buffalo River However, chutes in the Palmet
River recorded a mean current velocity approximately 0 2 m/s faster than chutes in the Buffalo River and
smaller nymph sizes have already been shown to occur at higher current velocities In the case of ghdes
and pools the differences between the two nivers may be attnibuted to different substrates being sampled
and are explained by the analysis of the associated ecological biotopes. The large mean size of the nymphs
in ghdes i the Palmuet 1s due to the presence of marginal vegetation in this biotope. The low mean nymph
size in pools in the Palmiet River is due to this hydraulic biotope mcluding the ecological bictope sandy
bottoms in which small nymphs predominate. The hydraulic biotopes slackwater and backwater recorded
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In terms of the hydraulic biotopes the same pattern of small nymphs m fast current and large nymphs
slow currents 1s shown m both nivers (Figure 422 .5). However, the mean nymph sizes recorded in the
same hydraulic biotope differed significantly between the nvers. In the Palmuet River chutes recorded a
significantly smaller mean nymph size than chutes m the Buffalo River. However, chutes i the Palmet
River recorded a mean current velocity approximately 0 2 m/s faster than chutes i the Buffalo River and
smaller nymph sizes have already been shown to occur at higher current velocities In the case of ghdes
and pools the differences between the two nvers may be attnibuted to different substrates being sampled
and are explaned by the analysis of the associated ecological biotopes The large mean size of the nymphs
n ghdes in the Palmiet 1s due to the presence of margnal vegetation i this bictope. The low mean nymph
size in pools 1n the Palmuet River is due to this hydraulic bictope mcluding the ecological biotope sandy
bottoms in which small nymphs predommate The hydraulic biotopes slackwater and backwater recorded
large mean nymph sizes n the respective nivers, but the mean nymph size in these biotopes in the Buffalo
River were significantly larger than those in the corresponding biotopes in the Palmet River.

The size distnbution pattern of nymphs between biotopes 1s similar in the two nvers. Where differences do
occur they may be attnbuted to different physical conditions bemng associated with the same biotopes. The
general similanty in the size distnbution of nymphs between nvers indicates that the nature of the
biotopes, and their associated physical vanables, are generally consistent. This 1s important as consistency
across rivers 1s vital for the companson of research, and the application of research to different nver
systems

A significant feature of Figure 4.2.2.9 is that although the size distnbution patterns between biotope were
simular the mean nymph size recorded in depositional biotopes in the Buffalo River were sigmificantly
larger than those i the Palmiet River in a number of cases

Summary of the size distribution of A. auriculata

The size distnbution of A auriculata nymphs differs significantly between ecological biotopes as well as
between hydraulic biotopes sampled This distnbution pattern reflects the life history of the animal and 15
consistent between the two nivers indicating that niver scale does not effect size distnbution.

The optimal habitat for A. auriculata. m all size classes, but particularly size classes 4 and S, appears to
combine a number of vaniables, none of which are mutually exclusive. These include slow currents, large
substrate sizes, margmal vegetation and high detritus content. Similar preferences were found for the
mayfly Paraleptophlebia guttata (Leptophlebndae) by Holomuzki and Messier (1993). An important
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Lancastar and Hildrew (1993) and Dudgeon (1993) cite predation as a major factor mfluencing local
densities of mvertebrates. Teague er al (1985) discuss how size selective behaviour by predators
contributes to the prevalence of smaller grazing caddisfly larvae in shallower, faster water  This, however,
does not explan why the highest percentage of small A auriculara nymphs occur m fast currents  Another
factor 1s inter- and intraspecific competrtion for food and space which may lead to smaller larvae being
excluded from preferred biotopes by larger larvae (Collier, 1994, Buffagm et al, 1995) Once agam, this
cannot explam the high percentage of small nymphs n the same biotopes as large nymphs Furthermore, it
has been observed that where disturbance 1s frequent or intense the importance of biotic interactions can be
reduced (Femunella and Resh, 1990, Resh er a/ 1988, Poff and Ward, 1989)

Size related shifts in aquatic invertebrate distnbution may reflect changing oxygen requirements (Collier,
1994) As individuals grow they develop larger surface area to volume ratios, decreasing the efficiency of
diffusion in supplying sufficient oxygen to meet the amimals requirements Larger nymphs are thus found
in areas of high current velocity which promote oxygen transfers This pattern of large nymphs in high
current velocities 1s found m some mayflies such as Deleandium species (Collier, 1994) However, A
awriculata shows the opposite pattern, with large nymphs being concentrated in slow currents Oxygen
therefore does not seem to be an important factor in determuming the distnbution of these maythes within
the stream

Comparison of the two Biotope Concepts

The range of hydrauhic biotopes recorded per ecological biotope, and vice versa, mdicates that the two
biotope classifications are based on very different critena The hydraulic biotopes major determunant is the
nature of the surface flow or disturbance They thus give a good indication of current velocity and flow
type They give an indication of the underlying substrate and slope of the stream (Table 42 2 2), as this
determunes flow charactenstics However, no substrate type 1s specific to any one hydraulic biotope All
hydraulic biotopes are potentially associated with numerous substrate types Substrate predictions can
therefore not be made categoncally based on the biotope names Furthermore, they give no indication of
ecologically relevant mformation such as detritus content and the presence of marginal vegetation

Ecological biotopes (Table 4.2 2.1), on the other hand, give an indication of substratum type, current
velocity (although not with the clanty of the hydraulic biotopes), detritus content, and to some extent the
position mn the nver eg. margmal, pool, nffle etc

When the distnbution of A auriculata 1s examined purely in terms of hydraulic biotopes a different
impression 15 obtamned from that when considering only the ecological biotopes. Hydraulics now become
the most important factor affecting distnbution, in terms of both the velocity and the nature of the flow. In
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most cases the hydraulic biotopes nffle, chutes and run are associated with small average head wadths The
hydraulic biotopes ghde, slackwater, backwater and pool are donunated by aumals of large average head
width One can therefore say that these amimals favour areas of low or no current velocity

The division 1n size class distnibution between areas of slow flow and areas of fast flow may be due to the
secondary effects of substrate composition and detritus deposmion Slow currents are indicative of
depositional areas and hence should be associated with high detritus content, a factor favouring
inhabrtation by A auriculata nymphs However, this is by no means a safe assumption  Since the flow in
these nvers fluctuates quite dramatically, low current velocity areas could be areas that were nffle in the
recent past and contam little i the form of deposited organic matter. The amount of deposited matenal
depends on the age of the biotope  Ancther factor is that some ecological biotopes, such as sandy bottoms,
do not have a high detritus content despite being charactensed by slow or no current. Furthermore,
hydraulic biotopes give no idea of the type of detritus Hydraulics was not the fundamental determmnant of
A aurnculata size distnbution, although certainly an indirect cause through its influence on other abiotic
factors such as substrate type and detrital distnbution. By not giving msight into many ecologically
relevant vanables the hydraulic biotopes had a low resolving power in terms of the size distnbution of A
auriculara nymphs. The hydraulic biotopes therefore need to be augmented with other habrtat data. Thus
can be done by

. breaking them down into their constituent ecological biotopes This gives greater nsight mto
the substrate charactenstics and detnitus comtent, two important factors in the distnbution of
this mayfly species

. using measured current velocity, substrate and detnitus charactenstics

The explanatory power of the ecological biotope 1s illustrated by examining the size distnibution patterns in
the hydraulic biotopes n terms of their corresponding ecological biotopes. For example, ghdes recorded a
large mean nymph size in the Palmiet River and a low mean nymph size in the Buffalo River (Figure

422 5) The difference between the two nivers was that in the Palmuet River ghdes correlated with both
marginal vegetation and leaf-packs-in-current while in the Buffalo River glides only corresponded with
leaf-packs-m-current

Value of the hydraulic biotope concept

Ecological sampling strategies need to be relevant to animals being studied and practical for the biologist.
As such, biotopes are useful ecological units. However, the mconsistency of biotope classifications, as
highlighted by Wadeson (1994), prevents the companson of data from different studies and consequently
hinders the development of stream ecology. What 1s required is a standardisation of habrtat units. The
hydraulic bictope concept would be useful m this regard because the biotope definitions are simple and
unambiguous. The hydraulic biotope could be seen as a fundamental habitat unit, and abiotic (substrate
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type, size, current velocity etc ) and biotic data buik upon 1t. The hydraulic biotope concept demonstrates
the heterogenerty/complexity of stream flow As such 1t 1s likely to be particularly relevant to the
population distnbution of current, and flow-type dependant invertebrates such as Simuludae

Traditionally, aquatic ecologists have designated nffles, pools and runs as relatively homogenous unts of
study (Pringle er a/, 1988) Sampling in these “biotopes” takes place over relatively large areas which may
include several hydraulic as well as ecological biotopes  Studies therefore lose resolution, possibly to the
extent that the scale of sampling exceeds the range relevant to the study amimal However, even within the
biotopes used for the purpose of this study, which consider small habitat units, there was considerable
nconsistency m associated vanables including substrate, current velocity and water depth The function of
the ecological and hydraulic biotope concepts should therefore be that of a descriptive tool, used to
demarcate ecologically relevant habitat units. As such they can play an important role i nver
management. However, in order to determune the factors effecting the distnbution of invertebrates it 1s
necessary to make precise measurements of abiotic and biotic vanables

River management, insect life histories and the biotope concept.

In South Afnca, sigmificant gaps in the ecological understanding of nver ecosystem processes and the
absence of target species has led to the focus on habitat mamntenance rather than species management
(O'Keeffe, 1995) The basis of habtat conservation as a tool is the assumption that species nchness
follows from habrtat nchness, subject to limits imposed by chemical water quality (Harper and Ferguson,
1992) But what 1s meant by habitat units that are to be preserved” Of pnime importance is that these
include habrtats that are recognised by animals that use the stream. As already indicated, the larger spatial
scales generally used, included a range of bictopes By conserving biotopes, either hydraulic or ecological,
one 1s preserving a range of habrat types that are relevant to the amimal

By classifying the size distnbution of this species of mayfly it becomes apparent that 1t i1s not sufficient to
just consider specific habrtats or biotopes in ecological studies. Adenophlebia auriculata uses a suite of
biotopes, both ecological and hydraulic, in order to complete its life cycle. It would appear important for
nver management that the hife history of animals is fully understood so that those features of the
environment that are pertinent to the organism can be mamntamned If an organism requires a number of
different biotopes for its persistence then conservation of a subset of these will have the same affect as
conserving none. This 1s recognised by Harper and Ferguson (1992) The distnbution of a species among
habntats should be viewed very carefully The presence of species A in habitat X may be dependant on
habitat Y (Harper and Ferguson, 1992) The stream must be viewed as a mosaic that 1s dynamic in nature.
Ecosystem functioning and insect life cycles require that all biotopes be maintained for their life cycle to
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be completed Instream flow requirements (IFR's) should consider this particularly since lotic macro
mvertebrates play a vital role in nutnent cycling, and hence ecosystem functioning,

Recommendations.

In order to accurately assess the distnbution pattern of stream nvertebrates the sampling programme
should consider the entire stream cross section as a dynamic mosaic. In this way a three-dimensional
picture of distnbution can be established. However, 1t 1s not sufficient to record only the associated
conditions at a pomt_ It 1s important to be able to place a pomnt sample in the context of the entire stream
Recording both the hydraulic and ecological biotope with every point sampled performs this function
Although biotopes are distinct areas, they form a continuum with the areas above, below and along side
them

For ecological studies the following sampling strategy 1s suggested:

Sampling should be conducted along a transect, running across the stream, which should be set at intervals
that enable extrapolation of conditions between transects The number of transects 1s determuned by the
nature and extent of the study and to provide sufficient replicates for statistical analyses For example, if
one were mvestigating the distrnibution pattermns of a particular species, a reach ncorporating all of the
biotopes would be sufficient, as this should mclude the full range of conditions available to the amimal.
Points will be sampled at mtervals along the transect. At each pont the relevant abiotic vanables should
be sampled, the biotope n which the sample 1s made recorded, as well as detritus In this way a clear
picture of the vanables effecting the distnbution of an animal/ or population can be established

Conclusions

| The nymphal size A auricuiata influences the distnbution amongst biotopes The mntial distnbution 1s
random, with hatchlings occurnng throughout the stream Subsequently there s a
redistribution to the optimal ecological biotopes stones-out-of-current and marginal
vegetation, corresponding with the hydraulic biotopes slackwater, backwater and pool. This
redistnbution occurs prnimanily in the small nymphs and 1s either active or passive Passive
locomotion makes use of current flow and explains the transient occupation of high current
biotopes by small size class nymphs

2. The optimal conditions for A auriculata nymphs appear to be slow currents, large substrate size and
vegetation, and large quantities of detritus. An important feature for the large nymphs (pre-
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emergent) is that they have surtable structures for emergence This 1s provided 1n margmal
areas by vegetation, rocks and the bank nself

3 The scale of the nver does not affect the distnbution pattern of the nymphs  The size distnbution pattem
of nymphs between biotopes 1s sumilar in the two nvers Where differences do occur they
may be attnbuted to different physical conditions beng associated with the same biotopes

4 The different bictope concepts are based on different critena and as such give different insights mto the
factors affecting the size class distnbution pattems of A. auriculata Although considening
useful ecological units the abiotic and biotic conditions associated with them show a great
deal of vanation The function of ecological and hydraulic biotopes should therefore be
limsted to that of a descnptive tool



4.3 LABORATORY CULTURE METHODS FOR A AURICULATA

4.3.1. INTRODUCTION

At present most animals used in laboratory expenments are collected from a nver in the vicinity of the
laboratory This 1s not only time consuming and labour mtensive, but may lead to over sampling in the
field Hence, an artificial breeding program in the laboratory would be invaluable with regard to saving
time and conserving field populations  This program would also provide a stock of ammals of known
background and in time, may reduce the degree of vanation in the captive population

Artificial fert:hization of the eggs of Ephemeroptera has been reported by several authors as part of a
program of mnvestigating growth rates and life histones. Sweeney (1978) reports combining the sperm and
eggs of Isonychia bicolor directly on a glass shde without any other solution, leaving the mixture together
for S minutes and then washing the eggs mto a contamner of filtered stream water. Giberson & Rosenberg
(1992 ) on the other hand stnpped the eges from female sub imagoes nto Yeagar's solution and then
macerated the terminal segments of the males and placed these with the eggs for 10 minutes. They also
reported that the fertilized eggs of Hexagenia limbata could be stored at 8*C for extended penods and will
nevertheless develop normally when retumed to higher temperatures.

In the famuly Leptophlebudae, female imagos lay eggs in sutable habitats by descending to the water and
releasing a few eggs at a time when the tip of their abdomen 1s dipped into the water (Needham & Traver
1972, Bnttan 1982). The eggs are covered with fine spring-like hairs which uncoil on contact with water
and become adhesive (Needham & Traver 1972). The eggs presumably adhere to the first solid object that
they come nto contact with The time taken for the eggs to hatch is strongly nfluenced by temperature
Most mayfly eggs may hatch in two to three weeks but those laid in cold streams (<10°C) may diapause
over winter (Needham & Traver 1972, Wise, 1980 and Brittain, 1982) The effect of temperature on
hatching also appears to be linked to the natural environmental regime of the species

Suter & Bishop (1989) incubated eggs of Atalophlebia australis, Nousia inconspicua, N fuscula &
Baens soror from South Australia under constant temperature conditions in the laboratory (Range
4-24°C). Embryonic development of N. inconspicua occurred at all temperatures, but hatching did not
occur below 12°C for A australis, below 15°C for N. inconspicua or below 5°C for N fuscula & B.
soror. Photo period length had no effect on the incubation period The hatch rate of eggs of Potamanthus
Jormosus which was 34-53% over a temperature range of 15 - 30°C, dropped abruptly below 15°C to
almost zero at 13°C (Watanabe 1992) Brttan & Campbell (1991) ncubated the eggs of
Coloburiscoides. sp. m the laboratory at constant temperatures in 5°C mtervals between 5°C and 30°C.
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Hatching success was high (> 80%) at temperatures between 10°C and 25°C. No eggs hatched ether at
5°C or 30°C. Artificially fertilized eggs had low (< 10%) hatching success Beside temperature, the pH of
the water in which the species evolved must be considered when developing methods of artificial
ncubation Rowe er a/ (1988) reared Leprophiebia cupida, Habrophlebia wibrans. Stenonema femoratum
& Baens flavistriga at different pH levels (4 0, 4 5, 5 0, and 6 S) m the laboratory and the proportion of
eggs undergomg eclosion did not vary with pH Hatching rate was affected at the three lower pH values
for H vibrans. & B flavistriga but was unaffected in the other three species which occur in low pH
waters. Punzo & Thompson (1990) investigated the combmned effects of pH and temperature on hatching
and hatchling survival of Caenis diminuta & C. hilaris and found high mortality at pH 3 S over a
temperature range of 10-30°C with best hatching and survival success at 20°C over a pH range of
40.72

Review of previous experiments
In previous expeniments similar methods of collection and treatment of the pre-adult nymphs to those
descnibed below, were used A vanety of ways in which to fertilize the eggs were also tned these included

a) Pinning a male and removing the head and then attempting artificial copulation with a female by holding
their genitaha together. This method has proved successful with mosquitoes (WHO Report
1975). This dud not work

b) Dissecting the eggs out of a female in insect Ringers, Yeager's solution and a mixture of msect Ringers
and Yeager's solution immediately dissecting out the seminal vesicles of the male and mixing
the sperm and eggs Both sperm and eggs were examined microscopically to check viability

¢) Dissecting a male i insect Ringers and then sumulating a female to release its eggs onto the sperm by
removing its head and dipping the tip of its abdomen i the Ringers above the sperm

d) Fertuihzation was also attempted between,
1 a male imago and a female subimago,
1 between a male subimago and a female imago and
. between male and female subimagoes to determine whether the subimagoes contaned

wiable eggs or sperm

Eggs were then left in the sperm/Ringers mux for 5, 10, 15, 20 and 30min before being transferred onto
ground glass shdes in stream water to determme the minimum time that the eggs and sperm should be
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mixed to yield a sufficiently hugh fertihzation rate  The most successful method involved dissecting the
semmal vesicles out of a male imago m a fresh solution of freshly prepared msect Ringers

During the previous series of expenments development was poor i the first few tnals but full development
was eventually achieved The length of time that the sperm and eggs were in contact influenced the
proportion of fertilized eggs with approximately S0% fertilized after Smun, 70% fertilized after 10mn,
80% fertilized after 15min and 85% fertilized after 20 and 30mun_ It was also found that subimagoes did
contain viable sperm or eggs and fertilization rates were no different when male and female imagoes, a
male imago and a female subimago, a male subimago and a female imago and male and female
subimagoes were used for the fertilization expeniment  As was found by Giberson (pers comm ) the hatch
rate of artificially fertihized eggs was less than 15%. Al three successful expenments involved a male
imago and a female imago The first and second successful expeniments yielded a hatch rate of 5% to 6%
but when the female was induced to release her eggs, a hatch rate of approximately 15% occurred The
eges hatched between 16 and 22 days at 25°C, at 19°C none hatched but many appeared to still be
developing at the termimation of the tnal

The penvitelline space formed in approxamately 24 hours. After five days a small embryo was visible and
the body had differentiated by the tenth day. After 14 days the embryo had developed an eye patch,
antennae and legs and by day 17 hatching began and took place through a longitudinal slit orientated near
one pole of the egg The first mstar nymphs were approximately 0 35mm long and had pentagonal shaped
heads, no filamentous gills, simple tars: and three equally sized ocelli. The hatchlings fed by brushing the
bottom of the petn dishes. Gills began to develop i the later mnstars and these nstars were more active

The second senes of expenments dunng which the eggs were incubated in shallow petn dishes was more
successful Algal growth was suppressed by covenng the petni dishes with a semi-transparent lid, thus
reducing the light mtensity In her successful expenments with a different species of mayfly, Giberson
(pers. comm ) used Yeager's solution. Yeager's solution, however, tnggered the adhesive hairs'
prematurely and resulted i the eggs not adhening when placed in water. Thereafter, a fresh insect Ringers
solution and a combmnation of the two were used and both proved successful The reasons for the high
fertilization rate and low hatch rates are not clear and can only be determined with further
expenmentation. Many eggs could have succumbed to bactena or other microorganisms so it may be
necessary to use filtered stream water Further, 25°C may have been too high and the eggs may have been
oxygen depnived. A possible method for this would be to fertilize a large number of eggs as descnibed
above and ‘seed' them onto a fine mesh screen in still water. Once the eggs adhere, which takes a few
minutes, a current can be directed over the screen to ventilate the eggs
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4.3.2 OPTIMISATION OF PREVIOUS METHODS AND DEVELOPMENT OF MASS
REARING TECHNIQUES.
Report by Dr L Janssens de Bisthoven & EH Haigh.

The aim of the project 1s to realize a standing stock of several hundreds of mdividuals of muddle-sized age
(head wadth | 0 - | 5 mm) mayflies bred in the laboratory Two alematives to achieve this wall be
explored, namely the induction of reproduction in a CE room (m vitro) and secondly artificial insenmunation
(Al) These are complementary mvestigations: in order to achieve reproduction, a large number adults
have to be available for swarming, mating and oviposition. Some of these adults can be used for artificial
msemunation tnals. Hatching success and hatchling survival in the in vivo tnal can be used as a control for

the same parameters i the m vitro tnal

Main questions in vitro reproduction

(1) How to achieve synchronised emergence of males and females”

(2) How to mnduce mating”

(3) How to mduce oviposition”

(4) How to handle the eggs and subsequently the rearing of hatchlings”

(5) How to produce more than a hundred individuals a week on a continuous basis”

Artficial fertibisation

(1) Dissection of male and female gonads
(2) Medium Runger, Yeager or combination
(3) Temperature and tumung

Subsidiary questions Do they lay eggs individually or in batches” Do they swarm before mating”? Do they

mate while swarming or on the ground or vegetation” Does the oviposition occur under water, on the water
or on substrate at the edge of the water” Is there a density-dependent terrtonal behaviour of the nymphs”?
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Growth and Mortality Under Two Food Conditions of Adenophlebia Auriculata

Introduction

The reproduction and laboratory reanng 1s under continuing mvestigation as part of the project. The
mitial success that we had with the artificial fertihisation of eggs n 1994 now had to be attempted on a
large scale and standard methods established A method for reanng hatchlmgs had o be developed

From previous expenence we know that large numbers of sub-adult nymphs should be kept m captivity to
ensure that sufficient numbers of males and females to effect fertilisation should emerge at the same time
The first step was therefore to collect large numbers of late instar nymphs and rear them through the final
stages before emergence, and to attempt fertilisation using these adults

Materials And Methods
Table 4 2 2 1 Design of expeniment, Mayflies were collected from the Palnuet nver on 23 May 1995

Bubble pots no det day | Ongin
Nymphs

ABC, 20 detritus ad lib 35575 Palmuet River

D.EF, 20 Tetramin ad b 35608 Palmuet River

Nyvmphs were kept under fluctuating laboratory condrtions of daily esumated 15°C and 23°C, and
fluctuating photo period  Thus 1s of importance for the nymphs of tanks D, E, F which remained there for
S4 days with detritus as food, pnor to the expenment  Per bubblepot (inner diameter 17 cm): one litre
Palmiet water strained through 85 micron mesh detritus from the Palmiet River was pre-dned Aeration
with Pasteur pipette through nylon netting covering the pot  The substrate m A, B, C was plastic netting
coverng 4/S of the bottom surface and one SxScm tile on top of it but after 26 days this was replaced with
a larger stone which acted as natural emergence structure. D, E, F: one stone per bubblepot  All stones
were higher than the water level

Measurements of each nymph were of length L without procerci and head wadth HW (0 1 mm)
Measurements were made under binocular microscope on plastified mm-paper, graded up to 0 1 mm for
the head widths by means of crossed lines method

Measunng schedule A, B, C, day 1, 12, 26, 55,81 D,E,F day 1, 22 52

Nymphs were manipulated with a wet pant brush

Food and Palmuet River water was added weekly
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Subsequent to this expeniment a sample of nymphs (n => 500) was collected from the Palmuet niver,
preserved and measured under binocular microscope The regression between HW and L was calculated
for this sample.

Homogeneity of replicates
Table 4 3 2 2 Differences n L and W tested with Kruskal-Wallis among A, B and C and among D, E, F
at cach measurement day  Only the significant dufferences (p<0 05) are given

Tanks Day Vanate H P

A BC 1 W H(2, 60)=8 41 002
A BC i L H(2, 60)=6 45 004
A B C 26 ke H(2, 49)=6 7% 003
A.BC 55 L H(2, 24)=90 08 0007

The nymphs in tank B caused the significant differences as at day !, B contamed two very small nymphs
with HW=0 4.0 5 mm (size classes), and two larger outhers with HW=1 5-1 6 mm There i1s one smaller
nymph with L=9-10 mm, and two larger outhers with L=21-22 mm At day 26, B contamned 7 nymphs
which grew more slowly, with L=12-14 mm At day 55, B contamed 4 nymphs which were larger, with
L=22-23 mm These outlying nymphs may be seen in Fig 3 3 2 1, below

Emergence cage
The presence of pre-adults and adults was monitored daily They were transferred to an aerated glass
aquanum containing a large stone, topped by a one metre high cage, consisting of an unpamnted wooden
frame covered by white mosqurto netting, in order to nduce mating and oviposition  Two dry Phragmytes
stems the height of the cage were placed inside and rolled up green plastic netting and a large stone to
facilitate emergence and mating However mating and oviposition was never observed

Results

Growth and development
Linear regressions were constructed between length and head wadth for the nymphs in the reanng
contamers and for a large sample collected from the same nver The regressions give the range and the
ratio of both vanates at a certain time or size. In that respect they contain mformation about the
development of the nymphs, since head width 1s related to the stage of moult (Figure 4 3 2 1, Table
43 23) Note that 'day 1’ refers to the first day of the expeniment and not the age of the nymphs, neither 1s
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it the same date as the nymphs reared in respectively detritus and TETRAMIN were collected at different
penods  Although both expenmental populations probably belong to the same Palmuet generation of the

begmning of autumn, the TETRAMIN population had one and a half months to develop i the laboratory
pnor to the expeniment  This gave that population an advantage at the onset of the expeniment

Because the width of the head capsule is widely used and recognised as a conservauve measure of
development, but not condrtion, its relationship with both body length and wingbud development is of
interest Figure 4 3 2.1 and Figure 4 3 2 2 both show the relation hip between HW and L In the smaller
sizes the r values show a closer correlation between the two measures than the larger sizes where r
values decrease below 50%

Table 4 3 2 3 Linear regression between HW and body length of A auriculata i the growth expenment

Food day r SE F df p mt SE t P r
Detritus 1 082 0.12 2733 158 0 057 097 S8 0 091
12 077 0.14 1932 157 0 £25 o {2 01 088
26 063 018 8205 147 0 <1 017 40137 07 08
55 0.59 0.13 1151 122 0 092 0.28 334 0 0.59
TETRA 1 069 016 1327 IS8 0 0 013 ) 27 0x 083
MIN
22 031 0.17 2149 145 0 0 8% 026 339 0 057
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Figure 4 3 2 | Linear regressions between body length and head width of A auriculata nymphs on
the diets detritus and TETRAMIN, at different days Each regression contamns nymphs of tanks
A B.&C. The different graphs represent the same nymphs which survived at that time of

measurement

m=male f=female, n=no wingbuds, b=well developed wingbuds, s=small wingbuds, bb=dark brown
before pre-adult Not enough nymphs survived to day 8 1(detritus) & S2(TETRAMIN))
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Figure 4 322 Regression (4" order) between head width and body length, for natural population of
mymphs of A aurtculata from the Palmuet nver.

Males: Small class 0 5-1 Smm, r* "0 688, b=25 3768 (order 4) Medium size, 1 5-1 6mm, r'=0.8180 b~ -
0.744086. Mature nymphs 1.6-22 £=0.11 b= -10 67331 Hatchlings. r'= 0 70332, b= -39 2211
Females Small 0 5-1 2mm. r* =0.7772; b=-1.7280, Medium 1 4-2 Omm . r'~0 655 b=-10 6252 and
matures at 2-2 Smm, r=0 3915, b=-8.18723 (or r 03936 order10)
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Lmnear regressions were calculated between time and head width and body length i each replicate of both
food conditions  The slopes of the regressions are the growth rates for the respective vanates (Table
4324 and Figure 4 3 2 3) There 1s a sigmficant tume effect for head wadth in detritus (ANOVA

F=68 4, p=0) m TETRAMIN (F=68 4, p=0) and length i detrtus (F~26 4 p=~0) and TETRAMIN

(F=83 0, p=0) Post hoc Tukey tests for unequal N show (p<0.05) significant differences m the growth
rate on the detritus diet for head wadth and length between days 12, 26 and 55 but not between day 12 and
26 on  TETRAMIN for wadth and length between day | and 22
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Figure 4323 Head width (A) and length (B) of 4 auriculata in function of ime (mean=SD) for
the TETRAMIN and the detritus conditions  The third data pont of the TETRAMIN senes
represents only one nymph, since all other nymphs erther died or emerged at that ime The length
graphs are linearly fitted The regression equations were calculated on the ongmnal data
TETRAMIN L=16.7+0 27Day, R*=0 59, r=0 77, p<0.05, Detritus  L=14 7-0 09Day, R*=0 35,
r=0.60, p<0 05

Table 43 2 4 Growth rates (mean+SD) for length and wadth i detritus and TETRAMIN

Food Vanate N mean (mm day ') STD

Detritus Length 3 0091, 0025
TETRAMIN Length 3 0283, 0063
Detritus Width 3 0014, 00012
TETRAMIN Width 3 00264 0 0062
1-tests ab =575, p=0 005 cd r=-4 35, p=001
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The addition of TETRAMIN to the diet has a doubling effect on the head width growth rate and a
tnpling effect on the length growth rate (Table 43 2 4)

Emergence. sex ratio. development of wingbuds. mortality
In each replicate of both food conditions (A, B, C and D, E, F) the percentages of emergence, males and
females, amimals with wingbuds and mortality were calculated

No differences in the proportion of males were found amongst the different days and food conditions
(Table 4 3 2 5), repeated measures ANOVA on Arcsin(x" ) transformed percentages)

Table 4 3 2 5 Proportion of males (mean = SD)

Day Food % males
|  TETRAMIN 48 340 4
2 42346 6
26 Detritus 51098
5% 463216 1

No differences in development were found amongst the days and food groups (repeated measures
ANOVA on Arcsin(x” *) transformed percentages, (r-test for dependent samples on Arcsin(x’’)
transformed percentages) or between males and females What was noted was the preponderance of males
with larger wingbuds. The tendency for males to emerge earher than females, which was observed
previously in the laboratory, was confirmed on the TETRAMIN diet (Fig 432 4) This observation
needs further quantitative confirmation  The mortality curves in function of time were sumilar i both
food condtions (Fig 4 32 5)
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Figure 4 3 2 4 Cumulative number of emerged animals n both food conditions in function of tme
No emergence was noted m the tanks A and C (detntus) Maximum number of animals per tank 1s
20 m=male, f~female

Figure 4 3 2 5 Montalrty percentages (N=3, mean+SD) in both food conditions i function of time
The data were corrected for emergence

Conclusions

The range of L and W and their ratio in the TETRAMIN population at day 1 1s very sumalar to the same
parameters in the Detritus population at day 26 (Fig ure 4 3 2 1) Therefore, we may conclude that the
TETRAMIN population at day | was n a stage of development equal to the detritus population at day
26  In other words, although both populations onginate from the same field generation, the TETRAMIN
population gained approxamately 25 days of development during its 52 days i the lab. (food: detritus)
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prior to the expenment, compared to the Detritus population. This could most probably be ascribed to the
elevated temperature in the laboratory relative to the nver

As attested by the diminishing slopes of the L-W regressions, the L-W dependence and the predictability
of W from L decrease with time (Table 4 3 2 3, Figure 4 3.2 2 - decreasing r') The width does not
increase lmearly with time, but levels off to about 2 mm, while the length increases linearly until
emergence (Fig 4.3.2.3). This 1s most hikely an effect of the maturation of the gonads, as females
especially, effectively become bags of eggs toward the end of the final instar, while the eyes of males
become proportionally large In the regressions performed on field collected nymphs the changes in the
values for the different size classes give an indication of the changes in body proportion with age

During the expenment, the TETRAMIN population grew faster than the detritus population, 2 umes
faster for the wadth and 3 tumes faster for the length (Table 4 3 2 4). Ths 1s based on linear curve fit and
15 thus a rather conservative estimate

The sex ratio was about 1 at the onset of the expenment. The proportion of males decreased a little (not
significant), because of male emergence in the TETRAMIN population  There was definitely a
development inhibition in the detritus population (Fig 4 3 2 3) compared with the TETRAMIN
population High within-group vanances prevented significant differences Emergence occurred in the
TETRAMIN population for about 60% of the amimals while the other 40% died after S0 days At that
stage, the mortality was similar i the detritus population. However, the surviving ammals failed to
mature and eventually died within 30 days (Figure 4 3 2 §) We suspect an inadequate quality and
quantity of detritus as the cause of the cessation of development and the mortality  In previous
expenments ( Haigh & Dawies-Coleman, 1997), decayed leaves had provided sufficient balanced nutnent
for successful emergence It was decided m future to keep late instar on a combination of leaves and
TETRAMIN to ensure good growth and egg quality.



Trials of Artificial Fertilisation and Estimate of Female Fecundity of Adenophlebia auriculata

Six trials were conducted to optimuze previously established methods of artficial ferihization and of
reanng the hatchlings A. auriculata nymphs on a large scale The mature nymphs and the imagoes
which were used in the tnals were collected from the Palmiet River in May and September 1996

Materials and methods for trials one to five.

The general procedure was to dissect the males and females i a surtable solution, erther Ringer’s or
Yeager's, and to allow the eggs and sperm to reman together for 5, 15, 30 or 45 munutes, after having
been agrtated with a glass pipette After the fertilisation time had elapsed the eggs were then transferred
by Pasteur pipette to 300 ml of Palmuet River water in triplicate plastic beakers The eggs were counted
to estimate the fecundity of the females Five expeniments were conducted each three replicates, A,B,C

Table 4 3 2 6 The layout for the artificial fertiisation expenment. (Tnal number, replicate, time)

Time S min 15 mun 30 mun 45 mun
Replicates in 1AS5-5A5 1A15-5A15 1A304A30 1A45
each experniment I1BS-5BS 1B15-5B15 1B30-5B30
1C5-5CS 1C15-5C1S 1C30-5C30
Results
Trial 1.

Dissection of |female subimago and | male adult in old Ringer’s solution in petni dish

Distribution of eggs: replicate, number of eggs

1AS; 120 1A15, 160 1A30, 180 1A40, 500
1BS, 150 1B15, 13§ 1B33, 170
1CS5, 155 1C1S, 108 1C30, 240

Day 2, The following contamers were monitored 1A40, 1BS, 1C15, 1A30
The eggs showed a shrunk appearance m the Ringer's, but inflated again once placed in the water Most
eggs were white but a few appeared opaque
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Day 4, Control Paramecium sp were observed in the containers and many eggs had died and
disintegrated The remaming eggs show a granular appearance with a fant darker
longrtudinal stripe in the maddle.

Day 6, 1A 15 dned out so distilled water and Palmiet water were added to all contaners

Day 8, In IAS only filamentous fung: were left, m IC15 1C30 a few brown granular eggs were left and
fung

Day 12, Water was added In 1A40 1B30, 1C30, 1A30, 1C15, 1BI1S, 1BS, 1CS, no eggs were left,
only brown sludge, a few Ohgochacta, Copepoda and green filamentous algae were
observed

Day 26, All eggs in IC30 and 1AS have disappeared

Trial 2

A new batch of Ringer's medium was made up from tablets 2 tablets + 250 ml distilled water (New
Ringer's) One pre-adult female and two adult males were dissected as before The eggs retaned their
shape i the new Ringer's The beakers with eggs in Palmuet water were now aerated via Pasteur

pipettes

Egg distnbution
2A%, 200 2A15. 110 2A30, 160 2A45, 300
2BS, 270 2B1S, 130 2B33; 120
2CS, 230 2C15. 110 2C30, 90

Day 2 2BS, eggs normal, granular with fine translucent membrane around which may be the
penvitelline space and an indication of fertihisation

Day S, Distilled and Palmiet water were added to all contamers In 2BS many eggs were observed to
have with a fine darker spot at one end and were less white than day | and very granular
Fewer fung were observed than i the first expenment In 2B15 the medial black stripe
was more obvious in some eggs but some eggs were brown and considered dead In 2A40
the appearance of the eggs was simlar to those i 2B15 but a smaller proportion was dead
( opaque or brown)

Day I8, In 2B5, 2A15 and 2B40 few eggs remamned while in all other replicate there were no eggs

Day 24, No eggs left

Trial 3

For this tnal Yeager's solution was used as medium. From one pre-adult female 30% of the eggs were
mixed with the sperm from two aduk males which had much more sperm than in those in expeniment 11
Smaller numbers of eggs were placed in the beakers which were aerated
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Egg distribution

3AS, 54 3A1S, 60 3A30, 65 3A40, 125

3BS, 62 3BIS, 150 3B30, 100 3B40, 105

3Cs, 80 3C1sS, 37 3C30, 57 3C40, 60
Trial 4

30% of the eggs from female in the above expeniment was blended with sperm of 2 new adult m (one
good, one bad) with some sperm n old Ringer's and only left for 15 minutes before bemng distnbuted
mnto the three replicates. Same shnnking of eggs as observed in tnal one

Egg distnbution

4AS, 73 4A45, 100
4BS, 130
4CS, 150

Trial §

The remainder of the eggs from female 3 was blended with sperm of | pre-adult male (very few
sperm)and | adult male in fresh Ringer's (medium quantity of sperm), left for 15 mmnutes and placed n
SAIS, 39 (not enough eggs left for multiple replicates)

Results of Trials 3.5
Day 14, 3A40 some eggs left
Day 20, No eggs left

Table 4 3 2 7 Estimate of female fecundity

Expenment No of eggs per female
1 2015
2 1720
3 1447

mean +- SD 2027+-647 §




Conclusions after trials one to five

The artificial fertihisation methods employed above could not produce hatchlings, smce all eggs died
within 25 days Either the eggs were not fertilised, or the fertilised eggs died because of an unsurtable
environment  Fresh medium should be made up - The old Ringer's was unsuitable, as nt caused
shrinking of the eggs (tnals | and 4) The new Ringer's and the Yeager's solutions did not alter the

shape of the eggs

From the visual observation of ontogeny of egg morphology it appears that hive fertilized eggs are
translucent white and a penwitelline space appears as a membrane The egg becomes more granular in
appearance and a fant longitudinal medial stripe appears with a faint dark distal spot. In tnal |
mortality was already >80% (estimate) at day 4 and only a few eggs remained in two tanks at day 12

Tnal 2 looked more promising, since mortality was still low at day S and at day 18, 3 beakers contamned
some eggs However, at day 24 and 26 respectively, both expeniments | and 2 showed 100% egg
mortaity brown granular eggs (dead) disintegrating in brown sludge

In Tnal 3, 4 and 5 at day 14, only the eggs in the Yeager's solution survived in only one tank (3A40)
The duration of mixing eggs in the respective media (5 min, 15 mun, 30 mun) did not seem to affect egg
survival, for example, 1C30 and IAS are the tanks with longest iving eggs, 2BS, 2A15, 2C40 Dueto
Palmuet water,a typical succession of undesirable organmisms appeared from day 4 onwards, ¢ g,
Paramecium, on day 8, fung: and on day 12, green algae, Copepoda and Oligochaeta Aeration of the
tanks considerably dimimished the growth of fung and algae

Fecundity considerable differences in fecundrty exist amongst males (visual qualtative observation of
sperm cloud) and amongst the females (count of eggs) Release of sperm or eggs by decaprtating the
(pre)adults did not work

Recommendations

Use smaller volume than standard Petn<dish to mix gametes Use female adults instead of pre-adults
Pre-filter all the Palmret water through 45 um-filter paper to averdseeding with undesirable organisms,
which probably also prey on the eggs Use larger volumes than 300 ml plastic beakers to keep the
fertilised eggs, because ( 1 ) the water evaporates too fast, (2) it 1s difficult to control the aeration, (3)
it 15 often 100 strong or too weak for such volume and (4) the weight of tubing and pipette 1s too heavy
for that kind of plastic beaker Aeration keeps the fung: i check, so it 1s necessary Glass beakers are
recommended Check regularly the water volume of the beakers Add only distilled water Try to
incubate the eggs on a fine layer of clean sand and a bit of detritus, instead of a bare beaker bottom
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Trial 6

Actmg on some of these recommendations, a more elaborate expenmental procedure was devised to
pursue the elusive success m ferilising mayfly eggs Mr. Simon Burton who was the previously
successful fertiliser of mayfly eggs was employed to assist in this attempt

Materials and Methods

Two new types of incubation apparatus were constructed Both were devised in an attempt to increase
the acration of water past the eggs without the danger of drying out

Flow through Chambers. (Figure 4.3 3 1) Based on the pnnciple that eggs are laid in the nver and that
the normal hatching condrtion 15 in flowing water, a flow through system was devised A
submersible “Micra” aquanum pump was connected to the ventral part of eight S00 ml
plastic jars via plastic tubing. The hds of the jars were modified by cutting out the central
part and glumng n fine mesh. Water was pumped into the jar and flowed out through the
mesh in the lids where the eggs were placed after ferulisation The jars and the pump were
placed in a 30 Intre glass aquanum, with a mixture of municipal and stramed nver water

Aerated chambers.  In a sumular fashion, eight 500ml jars modified as descnibed above were connected to
an air supply mnstead of an aquanum pump and placed i a 30 litre glass aquanum A small
air-stone was suspended in each jar.

Control. The third method was to place the eggs in petn-dishes which were kept i a larger contamner
These containers were monitored daily for the first 10 days and then weekly, while the flow
through and aerated contamers were monnored weekly

All the mcubators were placed i a Constant Environment Room at 20°C and 14hour photo-penod

The adults were collected from the field as sub-mature nymphs and kept in the laboratory until
emergence They were fed on decayed leaves collected from the site  Altogether, 37 adults were used n
the tnial one female to every two males when available The male was decaprtated, and the semmal
vesicles were removed by pulhng the claspers-from the body gently withdrawing the testes The sperm
was freed by teasing the testes apart i an oxcavated shide or watch glass i Sml freshly made Ringer's
solution The females were induced to release their eggs by grasping the wing-bases in one pair of forceps
while with a second pair the end of the abdomen was sharply twisted upward As the vent 1s on a
subterminal segment this forces the eggs out and into the sperm solution  The last few eggs were forced
out by gently compressing the abdomen against the side of the dish The eggs were left in the sperm
muxture for 10 minutes Three ground glass shides were placed in each incubator with stramed niver
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water, to act as adherence structure for the eggs The eggs were left for 20 munutes in the nver water for
the development of the adherence coils before being counted  Each fertihisation was dispensed in
approxamately equal proportions to all three methods  After day 3 the ferilisation rate was estimated by
counting sub-samples for cach of the petn dishes The incubation chambers were mspected every week
but the petn dishes every two days The fecundity of the females were ascertamed

Results
Although 30% fertihisation was achieved in most of the containers no hatching took place
After one week the Petn dishes were colomsed by many muro-organisms and algae as was observed in the

earher tnals

The incubators worked very well but they are quite cumbersome to open in order to check the progress
of the eggs Fecundity of the female used Range 960-2020 mean 1440 eggs/female

Conclusions

In vitro fertilisation of the eggs of these mayflies is possible but it does not seem to provide a satisfactory
method for bulk reanng of nymphs. The reported fertilisation rates from other workers are always low
and given the small size and difficulty in handling the eggs | would suggest that field collection of erther
gravid females or 0 4-0 6mm HW nymphs for reaning in the laboratory 1s a more cost effective and
failsafe method During the penod of this project attempts to collect adults by using a light trap were
unsuccessful
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Figure 4 3 2 6 Diagram of the two types of mcubation tanks developed for mayfly eggs The top
diagram 1s of the flow through type and the bottom diagram 1s of the aerated type a) glass aquanum
SOl b Transparent plastic incubation chambers with removable bottoms with fine gauze mserts  ¢)
plastic tubing d) submersible aquanum (Micra) pump e) airpump f) air stones in the incubation

chambers
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CHAPTER 5.
CONCLUSIONS

5.1 INTRODUCTION

With the need to nvestigate the means by which invertebrates and in particular the hmpet Burnupia
stenochonias and the mayfly Adenophlebia auriculata should be cultured in the laboratory, a senes of
questions arose as to the basic hfe history data, m particular longevity, fecundity together with mortality to
estimate production rate, and growth rates  Conditions necessary for the mamntenance of these
mvertebrates under laboratory conditions, mcluding light, water quality, food requirements and the
preduction of that food, all required investigation Literature surveys revealed that the Ancyhdae, the
famuly to which Burnupia belongs, had previously only been investigated in Europe, where condmions and
therefore life histones, will very likely be different to any local South African population A simular
stuation prevails for mayflies, but the Iiterature on this group 1s more comprehensive and several studies
on the life history of Australian mayflies have been published These are useful for companson as
Australian chmatic conditions are reasonably similar to those in southem Afnca Investigations, therefore,
had to start at a basic level The intial investigations were completed in the previous project in 1993-05
However, as the aims of the project indicate, further information was required for the culture of the limpets

n the laboratory

Although growth had aiready been mvestigated within certain conditions n the laboratory, with associated
fecundities, conditions were obviously not optimal It was also felt that t was necessary to complete the
field investigations to compare growth in the laboratory to that found under natural conditions, to
determune reproductive penodicity and to attempt to discover expected longevity Chapters 3 and 4 provide
substantial answers to these investigations Particularly emphasised within laboratory expeniments was the
chosce of, and the necessary production of, food Nutrafin, a fish food with high protein content and added
as a powder suspended mn some water, was found to significantly increase both growth and longewity of the
limpets, and consequently, fecundity  Simular expeniments have not been able to be done for the mayfly as
the method of reproduction 15 not only different but also less well understood



5.2 ACHIEVEMENT OF AIMS

The aims are italicised

1 1 To conduct experimental and field investigations on the selected test species which will support the
informanon already available:
Burnupia stenochorias  Freld and associated laboratory studies on the reproduction
Connmang laboratory studies on growth and feeding.
Adenophlebia auriculata Laboratory studies on artificial fertilization, and the rearing of
hatchlings

5.2.1 INVESTIGATION OF BURNUPIA STENOCHORIAS
Several problems peculiar to the limpet presented mtself and had to be addressed With the adverse effects
of handling on the growth of the limpets, extensive use was successfully made of plastic sheeting, in both
the streams and the aerated bucket system, as well as in the movement of limpets from one locality to
anather for the purposes of toxicology expeniments  The aerated buckets give the most ideal growth and
fecundity results of all the contaners mvestigated However, the limpets wall have to be conditioned to
running water durning some stage in their cultivation where they should be held until required, as they
should represent the natural populations of impets bemng tested for effects of toxicants in the toxicology
programme Plastic sheeting with limpets attached is an 1deal means of transferning the limpets from the
buckets to the streams presently used for their cultivation

Attempts to successfully cultivate Burnupia on a larger scale ncluded the refining of the use of the large
streams Plastic stnps packed nto the sumps acted as a successful means of maintaming water quality for
both the diatoms and the limpets, via the incidental growth of a layer of bactena on the plastic stnps acting
as a biofilter Nitrogen and phosphate levels remamn low under these circumstances. Visual surveillance
indicated the addition of calcium n the form of calcium carbonate mamntamned the strength of the impet
shells, a problem previously encountered Simularly, sodium silicate was added to the streams for the
growth of the diatoms The additional sodium and calcium did not appear to disrupt the balance between
calcium, sodium and magnesium which could have possibly affected the fecundity m particular The
growth of the penphyton. in particular the species of diatoms present over time, was monstored in the
streams Results have shown under the given conditions of light and dechlonnated tap water, with himpets
grazing and therefore affecting the penphyton storey and composition, that unicelluar and stalked diatoms
are successfully grown, with bactena and fungal spores acting as a further food source Photographs of the
species identified, taken with a Scanning Electron Microscope, are provided Both the literature survey
regarding those conditions considered necessary for the growth of the penphyton, and the vanation in

210



growth of periphyton seen by the project researchers under the condimions provided by the University, have
all been considered in the designs for the new laboratory

Compansons by vanous statistical means have revealed that using the morphometric measurements of
length, width and height, three local populations of Burnupia cannot be separated with ease. This 1s
encouragmng should 1t be decided in future that further genetic stock 1s necessary for the cultures
Similarly, it confirmed that should test individuals be directly taken from a natural population for
ecotoxicology tnals, all three measurements were necessary to identify the chronic effects of potential

toxicants on the hmpets

5.2.2 INVESTIGATION OF ADENOPHLEBIA AURICULATA
The life history of this mayfly is characterized by multiple emergences throughout the year except
for very short period s, the longest being for about 10 weeks during the winter penod. The
growth rate can be doubled in the laboratory on protein enniched food. It is possible to fertilize
the eggs artificially but it seems unlikely that successful hatching will be brought about as matter
of course  Given all this information, it seems most feasible that the small mavflies should be
brought in from the river at regular intervals and kept under standard laboratory conditions to
acchimate and grow to a standard size of 1 2-1 4 mm HW when they are to be used in toxicology
experiments The large mature nymphs with wing buds should be left in the nver to minimize the

danger of depleting stock.

The distribution of 4. auriculata amongst biotopes is strongly influenced by the size of the
nymphs The initial distnibution is random, with small nymphs present throughout the stream
Subsequently there is a redistribution to the optimal biotopes which have slow currents, large
substrate size and vegetation, and large quantities of detritus in common. An important feature
for the large nymphs (pre-emergent) is that they have suitable structures for emergence This is
provided in marginal areas by vegetation, rocks and the bank itself The scale of the river does
not affect the distnbution pattern of the nvmphs except when different current velocities occur in
the same biotopes from the different rivers

The ecological and hydraulic biotope concepts are based on different criteria and thus give
different insights into the factors affecting the size class distribution patterns of A. auriculata
The unambiguous nature of the hydraulic biotype descriptions lends support to the adoption as a

unifving classification system Although based on the nature of the surface flow and measurable it
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1s necessary to augment the classification with ecologically relevant information to achieve a true
reflection of the factors determining the distribution of the population

1 2 To test the experimemal techmques so developed at a larger production scale.
The achievement of this aim has been covered under Section 521, 522and 523

1 3 To investugate and design features and costing for a laboratory dedicated to the large-scale
production of the selected species. The suitability of various biological filtration systems
to ensure optimal water quality conditions and light conditions for the culture of both
the test species and selected diatom species (periphyton) as feed for the test species, will

be investigated.

5.2.3 BUILDING DESIGN
The plans for the building are presented in Chapter 2 and there has been extensive mvestigation of
equipment and costing to equip the building. The area which has not received sufficient attention 1s the
fund-raising activity. The fund-raising manager of the University has been unavailable for extended
penods | have always felt that an outside agency should be engaged to take this on and | am sull of the
opmion However, the Director of Marketing 1s opposed to this suggestion We shall attempt to resolve this

1ssue

The testing of water quality mamtenance was accomplished by using shredded plastic waste as biofilter m
the sump of each of the recirculating channels with great success Two of the channels have been running
uninterruptedly for twenty months

£.3 PRESENTATIONS AND PUBLICATIONS

Presentations

1 Haigh, EH and HD Dawies-Coleman, 1997 Presentations by both researchers on the
development of methods for laboratory culture of aguatic invertebrates. including the
success to date with Burnupia stenochorias and Adenophlebia auniculata. Zoology Dept,
University of Port Elizabeth

2) Dawies-Coleman, HD and EH Haigh, 1997 Life cycle and Growth of Two Natural
Populations of a South Afnican Ancvliid, Burnupia stenochorias Poster presentation by
HD Dawies-Coleman, North Amencan Benthological Society 45th Annual Meeting, San
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Marcos, Texas, USA
* also presented June 1997 at the SASAQS (South African Society for Aquatic
Scientists) Conference, Mtinzimi, Natal

3) Haigh, EH and HD Dawes-Coleman, 1997 Investigations mto the Reproductive Biology
of Burmupia stenochorias (Mollusca, Ancylidae). Paper presented by EH Hagh,
SASAQS Conference, Mtmnzm, Natal

q) HD Dawes-Coleman, EH Haigh and A Booth®, 1997 Growth Analyses of Natural and
Laboratory-Reared Populations of the Freshwater Limpet Burmupia stenochorias
(Ancyhdae), 1997 Paper presented by HD Dawies-Coleman, SASAQS Conference,
Munzini, Natal

" Dept Ichthyology and Fisheries Services, Rhodes Univ.

5) Haigh, EH and B Hunt, 1997 Population Distnbution of the Mayfly Adenophichia
auriculata in Two Eastern Cape Rivers Poster presented by B. Hunt (Zoology Hons),
SASAQS Conference, Mtinzim, Natal

6) HD Dawies-Coleman contnibuted to the paper to be presented by Prof K deKok,
Potchefstroom University, as part of a review of freshwater malacological work currently
bemg undertaken in South Afnca, September 1997 Afncan Medical Malacology

Conference, Harare

Papers

As this project (KS/755) wall be completed in December 1997, we submut a lhist of papers n preparation
These papers are to be submutted to vanous journals, both national and intemational, from November
1997 Their titles may change on final submussion to the chosen joumal

Burnupia stenochorias

1) The breeding biology and fecundity of Burnupia stenochorias (Pulmonata, Ancyhdae)

2) The embryology of Burnupia stenochorias. Melwill and Ponsonby (Mollusca, Pulmonata,
Ancyhdae)

3) Life cycle and growth of two natural populations of a South Afnican freshwater impet,
Burnupra stenochorias (Pulmonata, Ancylidae)

4 The effects of density and temperature on the growth rate and mortality of a freshwater
limpet, Burnupia stenochorias (Pulmonata, Ancyhdae)

5) The effects of diet on growth and mortality of Burnupia stenochorias (Mollusca,
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6)

7

8)

Pulmonata, Ancyhidae) in the laboratory
* co-authored with A Booth
The effects of contaner size on the growth and survivorship of Burnupia stenochorias
(Basommatophora, Ancylidae) when cultured in the laboratory.
Sexual development of Burnupia stenochorias, Melwill and Ponsonby (Mollusca,
Basommatophora, Ancylhidae)
Early colomsation of bare surfaces by epilithic diatoms in artsficial streams, and the
umpact of grazing limpets (Burnupia stenochorias, Ancyhdae) on the diatom assemblage
* co-authored with M Balann, 1908

Adenophlebia auriculata

9)

10)

I

The effect of different diets on the growth of Adenophiebia auriculata (Ephemeroptera,
Leptophlebudae) in the laboratory
The effect of temperature on nstar penod and mortality of Adenophlebia auriculata
(Ephemeroptera, Leptophlebudae).
Population distnbution of nymphs of Adenophlebia auriculara (Ephemeroptera,
Adenophlebia) in two Eastern Cape nivers.

* co-authored with Brian Hunt (Honours student, Zoology)

Life hustory of Adenophlebia auriculata (Ephemeroptera, Adenophlebia) m a small
Eastern Cape nver
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CHAPTER 6
FUTURE RESEARCH DIRECTIONS.

6.1 CAPTIVE BREEDING

It became clear during the course of the five years which this project has been in operation that the
establishment of a successful rearing programme depends largely on the selection of APPROPRIATE
species, and that until the selected species has undergone a senes of expenmental investigations their
sutability cannot be determmed Obwiously the ability to induce mating in captivity is the most important
feature for the success of a long term laboratory breeding programme Captive breeding although the first
important step, 1s only one aspect in the process of establishing a surtable laboratory species The
responses to toxicological testing of the selected species also requires investigation Tolerance ranges
should too broad or too narrow are equally unsurtable The ideal towards which we should be working wall
remamn a multi-species suite of nvenne organisms with a range of responses to a vanety of pollutants Now
that we have gained a reasonable understanding of the methods to rear freshwater invertebrates, the way 1s
clear to start a senes of short-term tests on as yet untned species In our opmion other groups, such as
Platyhelminthes or Thnchoptera have potential for captive breeding.

As far as the existing captive breeding programme 1s concerned, the failure of the mayfly embryos to
complete development after fertihsation, should mvestigated At the same time, an attempt should be made
to capture gravid females in the field and induce egg deposition in the laboratory for vanety of nverine
mvertebrates If this technique can be mastered then the captive reaning of nymphs will be accomplished
with case as reanng techmiques are now fairly well established

6.2 LIFE HISTORIES

The aims of this project did not allow the in depth investigation of the all the aspects of the life history of
the mayfly Questions which still require answers include

. What are the cues which govern emergence and mating”
. How 15 the instar penod controlled”
. What 1s the growth rate under natural condrtions”

Companson of life histones of both the impet and the mayfly species from a subtropical summer ramnfall
area and a southem winter rainfall area would throw valuable light on the reponses of these species to
changes in chmate and geographical region. This research would provide 2 MSc theses
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The establishment of the life history styles of other aquatic species will add to the current understanding of
South African nver ecology i terms of the ecological requirements of species resident in nvers in different

biogeographic regions This wall refine the nver management expertise being developed at present to a
degree where sustanable utilisation of the freshwater reserve will be guaranteed

6.3 TAXONOMY

The taxonomy of the genus Hurnupia 1s outdated and inadequately descnbed Consequently, we suggest

the followng

. a re-visit of all the collections made of Burmupia. particularly those held i the National
Freshwater Mollusc Collection, Poatchefstroom University of Chnistian Higher Education, at the
Albany Museum and at Rhodes University in Grahamstown and in the Pictermartzburg Natural
History Museum However, there are problems associated with the records of some of these
collections and the accessibility and condmtions of the specimens.

. an extensive collection be made from the places cited in species descriptions where possible, at
least country wide or within southern Afnca to provide full morphological descniptions and to
address the current problems in extant collections

. on the basis of these descniptions, a companson with the descriptions provided by Brown (1994),
with a reconciliation being made of the 14 descnibed species of Burnupia in southem Afnca alone
Voucher spectimens can be obtained from the British Natural History Museum

. employment of new genetic techniques to determune the sytematics of the group

6.4 DIETARY PREFERENCES.

A full investigation into the dietary preferences of B stenochorias 1s necessary, by analysis of gut
contents  This was suggested by Prof Round of Surrey Umiversity (pers com) to be sufficient matenal for
an MSc project

The addtion of Nutrafin or Tetramm fish food to the contamners where B stenochorias and A aurniculata 1s
cultured, n Controlled Environment Rooms, result in an increase in the growth rate At present we
presume the increased growth of the limpet to be due to increases i bactenal population, as the Nutrafin
supplies essential amuno acids to the bactena Bactenai counts both on the piasuc bags immng U pots, and
within the gut of the impets, would throw lhight on this matter, and support the above nvestigation The
reasons for the accelerated growth of the mayfly can be investigated by calonfic and component analysis of
the body as well as an assesment of the influence of the added anuno acids on the fecundity of the females
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