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Abstract

Water quality of the

this source into the adjacent surf-zone. Soluble reactive phosphorus con

ground water in the Alexandria dune field was monitored with the aim of estimating the amount of nutrient input from
tents of the ground water were not significantly different from that of

the adjacent sea water. Ammonia levels were about twice that of surf water while nitrate levels were about ten times higher than that of the
sea. On average, the ground water enters the surf-zone at a rate of 1 000 ¢ per running metre of beach. This results in a net flow of nitrogen
from the dune ground water to the surf-zone of 1 050 g N.a-! for each metre of beach. This makes the ground-water flow from the dune

aquifer an important source of nitrogen for surf-zone phytoplankton,

in that it replaces much of the nitrogen lost from the surf-zone

ecosystem. This link represents an interdependence between these two apparently distinct ecosystems.

Introduction

The Alexandria dune field is still relatively unaffected by inter-
ference from man. Many studies have been published which refer
to the nature of dune slack plant and animal communities (e.g. Van
der Laan, 1979; Ascaray, 1982; McLachlan ez al., 1982; Sykes and
Wilson, 1987); however, only recently has dune water been
recognised as a potential source of nutrients for the adjacent surf-
zone (McLachlan and Illenberger, 1985). These latter authors
reported a flow of dune water which was about 1 000 { per running
metre of beach per day. The water was shown to contain 1,9 mg
NO; -N.m™% 0,2 mg NH; -N.m~%; and 0,06 mg PO}~ -P.m3
but almost no NO; N. No indication was given regarding the
spatio-temporal variance of the nutrient contents. '

The ecology of the Sundays River beach surf-zone has received
much attention in recent years (Talbot et al., 1990 and references
contained therein). A question not yet answered, however, is what
the source of nutrients is that supports the high rates of phyto-
plankton productivity which have been measured in the surf-zone
(Campbell and Bate, 1988a). The importance of a constant influx
of nutrients will vary depending on the nature of the surf
ecosystem. For example, if the system is open with nutrients able
to escape to the open sea, then a constant influx is essential to
maintain a continued rate of new primary production. If the
system is closed, then nutrients would be recycled and the require-
ment for an inflow would depend more on the extent of any
leakage from the system. Talbot and Bate (1987) have indicated
that there is little loss of the major phytoplankton species, Anaulus
australis Drebes et Schulz from the surf-zone. These authors have
also shown a half residence time of approximately 3,6 h. With the
ground water entering the surf-zone just below the swash line, and
with the 4. australis cells being epipsammic at night (Talbot ez al.,
1990) any nutrient entering the system from the dunes would pro-
bably be efficiently absorbed rather than flushed out of the system.

The purpose of undertaking this study was to investigate the

potential for man-made damage to the surf and dune en-
vironments, should water be removed from the dunes. While the
overall study continues, we report here on the results of an in-
vestigation into changes in dune slack water nutrient concen-
trations.
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Materials and methods

The study area

The Alexandria dune field is situated within Algoa Bay in the
Eastern Cape and extends from the Sundays River mouth in the
west to Woody Cape in the east (Fig. 1). It includes a 40 km stretch
of coastline and covers an area of approximately 120 km?
Although there are four river valleys which end behind the high
slipface of the dune field, they seldom contain water on the surface
because the annual rainfall is between 400 and 600 mm.a~! from
west to east (Illenberger and Rust, 1988).

The dune slacks

Along the western 10 km of the seaward section of the Alexandria
dune field is a series of 40 wet interdune depressions known as
dune slacks. These slacks, described by Tinley (1985), form as
hollows between paralle!l longitudinal dunes which run almost
perpendicular to the coast for a distance of about 200 m
(McLachlan er al,, 1982) before giving way to wind-blown dunes.

Each slack is about 50 m wide but altogether they cover only
about 1% of the total dune field (Ascaray, 1982). The vegetation is
relatively sparse and is dominated by Sporobolus virginicus (L.)
Kunth, Gazania rigens (L.) Gaertn., Arctotheca populifolia (Berg.)
T. Norl. and Juncus krausii Hochst (McLachlan et al, 1982;
Young, 1987). Young (1987) showed that the vegetation at the
seaward end of the slacks receives much more salt than at the land-
ward end. Altogether the slacks receive more salt than the
bushpocket vegetation further into the dune field but less than the
foredune hummocks. Over a short distance of about 100 m over
the berm, the salinity in the ground water decreases from that of
sea water to just above zero.

Water wells

Wells were installed to a depth of approximately 1 m in one of
the slacks. A well was placed at the seaward and landward side of
the slack. The wells were lined with 110 mm diameter unper-
forated plastic pipe, which means that water entered them from
underneath only. They were kept covered to prevent sand from
blowing into the mouth of the pipe.
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A map of the study area showing the Alexandria dune field and the
region of slacks on the westward end
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The salinity of the sea and the ground water as determined on
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three days is presented in Fig. 2. The intertidal zone showed little % W‘éﬁf

difference from that of the sea which was around 34%,. In the

wells at the back of the slacks, the salinity was always less than 254
1%.. In the pipes planted in the front of the slacks, the salinity was 20
below 5%, indicating some influence of the sea water on the 15] »
ground water. : 0 =—a 6 Moy — Back
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The soluble reactive phosphorus content of the ground water 5 e 6 May — Intertidal
taken from both the front and back of the slacks showed little dif- O: o0 6 May — Seo

ference during any of the 24 h periods or between the 3 d on which
measurements were made (Fig. 3). The soluble reactive
phosphorus concentrations in the ground water were, on average,
slightly lower than in the sea (Fig. 4).

Ammonium concentrations in the ground water also showed no '
temporal or spatial pattern (Fig. 5) with values ranging between 10

?nd 80 pg NH -N.&° which is similar to that o.f the sed. On The salinity of the water in the wells in the front and back of the slack
average, however, the ground water had concentrations 1,3 times : . g .
) ; . as well as in the sea and intertidal interstitial water measured for 24 h
higher than that of the sea (Fig. 6). . -
. . on 3 different days
The nitrate content of the ground water in the slacks showed no

temporal pattern (Fig. 7). On the first day (23 April), the nitrate
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Ammonium concentrations in the ground water are slightly
higher than in the sea water, but the nitrate concentration are
much higher than that of the sea; on average 10 times higher.

Average for all Samples
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content of the water at the back of the slack was similar to thatat
the front of the slack. On the second day (30 April), the nitrate in 3
the water at the front of the slack was almost twice as high as that 5 507 T
at the back during the whole 24 h period. However, on the third <.~ —
day (6 May), the situation was reversed, with higher concentra- OL 40 / —
tions at the back of the slack. In contrast to the ammonium con- 50 Z ] Z
tents, there was a high mean concentration of nitrate in the ground '8;‘ 10 2 = %
. . . . . 0 < —
water (Fig. '8), with almost 10 times as much nitrate in the ground °5 = Z = Z
water than in the sea. Ao % % % %
, v 2] = =2 7 =
Discussion 2> — — — —
) — e ]
5 = = = =
. . . O 10+ ] % —— %
Because soluble reactive phosphate concentrations in ground % = /
water are lower, on average, than in the sea water, the ground I ] é e %
water flowing into the sea is no source of phosphate for surfzone 2 O ‘ T 1 T
organisms e Sea Intertidal Front Back
7!

/

Nitrate concentrations measured in the ground water did not show
a consistent relationship between front and back wells. It is possi-
ble that pulses of nitrate move towards the sea with aquifer flow.
However, research needs to be undertaken to determine the source

The average soluble reactive phosphorus concentration of the water in

the wells in the front and back of the slack as well as in the sea and in-

tertidal interstitial water measured for 24 h on 3 different days. The
wvertical bar indicates 1 standard error
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60W of the nitrate in the aquifer water before this phenomenon can be
explained.
The rate at which the aquifer water seeps into the surf-zone has
% 50 been estimated at 1 _m3.mf 1.d-! (McLachlan and Ilienberger,
'43 1985). At this rate of flow the nitrogen supply would be approx-
X~ - — imately 1 055 g N.m~-1a~1
qC) L 40+ % — The primary production of the surf ecosystem has been
oZ Z ? 1 estimated at 120 kg C per running meter of beach per year (Camp-
8 +| % % / bell and Bate, 1988a). Using the estimates calculated by Campbell
O 5 307 - % (1987) the nitrogen requirements of the surf phytoplankton would
g% Z Z % be 10,1 kg N.m~! a~!. Because the surf ecosystem is a closed
2o % % s system on the seaward side (Talbot and Bate, 1987) and an
c 20— - - % s . ¢
03 % % / ] estimated 11% of the primary producers are lost from the end o
c / % Z Z the ecosystem (Campbell and Bate, 1988b), the nitrogen leaving
e 0 Z Z / % the surf-zone would be 1 110 g N.m~!, This means that the nitro-
< % % Z Z gen entering the ecosystem from the dunes would make up most,
é Ké % % if not all, of the nitrogen requirements of surf phytoplankton.
0 - T T T i
i Back .
Sea Intertidal Front ack Gonclusions
Average for all Samples
The importance of these data is that where highly productive surf-
zone ecosystems have been identified, a thorough study of surf-
_ Figure 6 zone nutrient requirements should be undertaken before ground
The average ammonium concentration of the water in the wells in the water is utilised for human consumption or industrial use in that
front and back of the slack as well as in the sea and intertidal in- this water is a significant source of nutrients to the adjacent surf
terstitial water measured for 24 kb on 3 different days. The vertical bar ecosystem. The requirements of associated ecosystems for ground-
indicates 1 standard error water nutrients should be taken into account along the whole Cape
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south coast. There is a need for this requirement to be investigated
before the aquifers are tapped for the water which is becoming so
precious in South Africa. 3000+ T
c T %
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