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Abstract

To explain the life-history strategies of temporary-water fauna, one must be able to describe the temporary habitat.
It is necessary to know when it will be wet, how often this occurs, for what period each inundation lasts and
what variability there is in this pattern. For logistic reasons one cannot follow each inundation in a pan for the ten
years or more needed to establish a pattern. Based on the available inundation data for two seasons at Bain’s Vlei
Pan in a semi-arid part of South Africa, a model has been developed, using the rainfall pattern over ten years at
nearby Bloemfontein, to predict inundation. Over a ten-year period predicted inundations ranged up to 87 days as
a result of repeat-rain, with a mean period of 18.8 days, while a rain-episode of less than 20 mm was insufficient to
inundate the pans. There was an average of 5.8 inundations per season. Single inundations do not exceed 20 days
due to evaporation. When successive showers fall before periods of inundation are over, a specific extension of
inundation is predictable. The precise implications of the inundation pattern on organisms requires much analysis.
However, there are strong indications based on the growth, survival and pattern of egg-production among three
species (Anostracan — Branchipodopsis tridens, Conchostracan — Leptestheriella inermis, and Notostracan — Triops
granarius) from the pan and one species (Anostracan - Streptocephalus macrourus) from more permanent waters
nearby, that the pattern of inundation is selective of the community held by the pan.

ction .
Introductio Table 1. Rainfall (mm) per week over ten seasons at

. o . Bloemfontein. N is the number of weeks.
Pans are most common in semi-arid conditions (Le

Roux, 1978; Geldenhuys, 1982) where mean rainfall N Min Max Mean St.Er. St. Dev.
is low, evaporation rate is at least three times the mean YEAR8182 52 0 110 122 35 254
rainfall, and a large degree of unpredictability of rain- YEARS283 52 0 51 36 15 105
fall prevails. There is nevertheless a wide range of YEARS384 52 0 80 63 24 172
pan types (Le Roux, 1978; Goudie & Thomas, 1985), YEAR8485 52 0 60 60 2.1 15.3
varying in size (area and maximum depth), salinity and YEAR8586 520 93 59 26  19.1
chemical composition, and in inundation regime. YEAR8687 520 93 7.1 3.1 22.6
Due to the temporary nature of inundation, distance YEARS788 52 0 437 242 93 674
of pans from laboratories and apparent unpredictabil- YEARB389 52 0 72 133 28 205
ity of inundation very little precise information has YEAR8990 52 0 59 85 24 175
been gathered on period and pattern of inundation. It is YEARS091 52 0 200 123 50 363

accepted that pans differ in their period of inundation
(Geldenhuys, 1982) and that this should influence the
biota. Geldenhuys, for instance found that vegetation
cover was directly related to period of inundation. Sea-



Fig. 1. Map of the Bain's Vlei nest of pans. Stipples indicate islands when the pans are inundated and the letters indicate the separate pan
basins that were monitored.

Table 2. Rainfall (mm) per rainweek over ten seasons
at Bloemfontein. N is the number of weeks.

N Min Max Mean St. Emr. St. Dev.

YEARS8182 13 21 110 48 79 28.5
YEAR8283 6 24 51 31 42 10.3
YEARS8384 7 24 80 47 67 17.3
YEAR8485 8 23 60 39 52 14.8
YEARB586 6 20 93 51 12.5 306
YEAR8687 5 56 93 74 13 16.4
YEARS788 14 20 437 90 286 107.0
YEARS889 18 20 72 39 3.6 15.4
YEAR8990 11 24 59 40 3.7 12.1
YEAR9091 8 20 200 8  20.7 586

9.6
s4.25

man & Kok (1987) related the animal community in
pans to period of inundation. We can assume that the
more temporary the water body the more likely is the
biota to include such organisms as Notostraca, Anos-
traca and Conchostraca (Seaman & Kok, 1987). We
can even make predictions that the shorter the inunda-
tion the more likely it will be, among related organisms

Table 3. Details of seven successive inundations in Bain’s
Vlei Pans during 1985 and 1986.

Date of Inundation Mean Maximum
Inundation depth
Period (cm)
(days)

15 October 1985 38 33

*29 October/ 10 November 1985 14.8 13.0

5 December 1985 8.5 8.5

19 January 1986 5.7 4.0

5 March 1986 18.0 8.7

16 April 1986 2.3 6.0

29 October 1986 17.7 11.9

* A follow-up inundation before drying

(e.g. Anostracans), that those with shorter life cycles
(e.g. Branchipodopsis spp. — own data) will prevail
over those with longer life cycles (e.g. Streptocephalus
spp. - own data, Mitchell, 1987, 1991; Anderson &
Hsu, 1990; Brendonck, 1991), but we are not able to be
specific in what we mean by long or short inundations
or life-cycles. Seaman & Kok (1987) suggested that



Table 4. Predicted inundation periods (days) over
ten seasons for Bain’s Vlei pans from the rain-
fall/inundation model. N is the number of predicted

inundations.

N Min Max Mean St. Err. St. Dev.
INUNS8182 6 46 227 5.7 14.0
INUN8283 6 7 14 95 1.1 2.7
INUN8384 6 12 18 148 9 22
INUNB485 5 7 38 180 S8 12.9
INUN858 6 3 24 13.0 3.1 7.5
INUN8687 4 15 28 188 3.1 6.2
INUNB788 7 3 80 229 106 28.1
INUNB889 8 3 87 22.1 95 27.0
INUN8990 5 7 52 254 78 17.4

5

INUN9091 3 48 202 78 17.5
INUN8190 58 3 87 188 22 16.6

waters that appeared to hold mean inundations of less
than one month were dominated by temporary-water
fauna, beyond which permanent-water fauna succeed-
ed.

Inundation pattern in Bain’s Vlei pans

As a certain amount of life-cycle data had been col-
lected, and developed in our laboratory, by students
and researchers (Mitchell, 1987, 1991; Seaman &
Kok, 1987; Seaman et al., 1991; Meintjes, unpub-
lished data) over a number of seasons on organisms
present in Bain’s Vlei pans, a nest of temporary waters
10 km west of Bloemfontein, it became necessary to
relate these to something more precise than the some-
times inaccurate information from single inundations.
The inundations in Bain’s Vlei pans seldom exceed a
month, so it is a short-inundation pan.

This is a summer-rainfall area, so a year will run
from July of one calendar year to June of the next for
purposes of this study. We were fortunate to have accu-
rate information on all the inundations in a continuous
period of more than one year (1985/1986), which we
used to calibrate a model against the rainfall of that sea-
son. The model was verified against inundation-data
available from a subsequent year (Meintjes, unpub-
lished).
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Materials and methods

Bain’s Vlei pans lie 10 km west of Bloemfontein
(29°03'S, 26 °06'E) and consist of a number of poten-
tially interlinked basins each less than one ha (Fig. 1),
with a maximum depth less than 30 cm. Six of these
pans have been monitored at various times.

The model was prepared as follows. The average
inundation period of the six pans was taken to represent
Inundation Period. Rainfall was measured in Bloem-
fontein over ten years (July 1981 to June 1991) and
was split up into Rainfall Per Week and could also be
expressed as Rainfall Per Rain-Week.

Inundation Period was plotted against Rainfall Per
Week in order to establish the basic relationship, tak-
ing into consideration the minimum rainfall needed to
cause an inundation, the maximum rainfall necessary
to fill the pans, beyond which the pans would simply
overflow resulting in a finite period of inundation relat-
ed to evaporation, unless repeat-inundation occurred
which was also taken into account. The duration of
multiple inundations was calculated by adding the
inferred ‘new’ inundation from the calibration graph
to that expected for the ‘old’ inundation, bearing in
mind that the ‘new’ could only fill the pans to the
extent that they were less than full. For example, if an
inundation of 15 days was predicted for the ‘old’ inun-
dation the pan would have an ‘unused capacity’ of a
further 5 days. If this were to be followed by sufficient
rain a week later to result in a 20-day inundation, one
would allow that seven days of evaporation added to
the original 5 days of ‘unused capacity’ would result
in a revised ‘unused capacity’ of 12 days. Therefore
the ‘new’ inundation would add only 12 days to the
‘old’, the remaining 8 days being lost due to the pans
overfiowing.

Inundation pattern was predicted for the ten years
(July 1981 to June 1991) and specific parts of it (during
the 1989/1990rain season) were verified against actual
measurements. No compensation was made for differ-
ing evaporation rate due to temperature differences.

Life-cycle data was deduced from Seaman et al.
(1991), Mitchell (1991) and unpublished data of Van
Niekerk, Seaman, Kok & Botha.



T o To o
96
2s°
o
s . 2
715 2 Pretoria
Johannesburg
21 19 4 15 23 P49 2 415
16 10 5 4 38 213 18 93 18
24 13 21 15 1 27 10 31 52
Port Nojloth 88 1 103 7 Ve 6V 22 . ,
48 2 7 s 5 31 136
3V, 1 5 g 1435 Moy _
Bl fontein
2 136 ! 5 2 3 4746 43 CooTIOME!
1-30° 18 6 6
30 74 9 18 25 15 5 25 1 .
6215131 734103217y Durban 30
2 1 3 2
East London
Cape
Town
Port Elizabeth
+35° i o)
L ]
2P 2r=, ap
Fig. 2. The geographical distribution of pans in South Africa (after Goudie & Thomas, 1985). Numbers indicate the density of pans as

calculated from 1:50000 maps.
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Results

Regional rainfall and evaporation characteristics in
the region where pans are most common

Most South African pans (Fig. 2) lie in aregion charac-
terised by rainfall less than 600 mm per year (Fig. 3),
an annual deviation greater than 25% (Fig. 4), pre-
dominant precipitation between summer and very late
summer (Fig. 5) and evaporation greater than 1800 mm
per year (Fig. 6).

Rainfall pattern at Bloemfontein
Over ten years the aggregate rainfall at Bloemfontein
was greatest in late summer (Fig. 7) but was well
spread-out. However, the annual rainfall pattern was
highly variable between years (Fig. 8). The rainfall
per week (Table 1) and per Rain-Week (i.e. a week in
which rain was measured) (Table 2) reflect the vari-
ability in volume of rain. Rainfall per rainweek was
always greater than 20 mm.

Seven successive inundations were followed in
1985 and 1986 (Table 3). During the second inundation
there was reinundation before drying.
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Fig. 7. Cumulative rainfall at Bloemfontein over ten seasons from 1981 to 1991,

Inundation versus rainfall in Bain's Viei pans

Plotted against volume per rainfall episode, a curvilin-
ear relationship resuited (Fig. 9). Below 20 mm of rain
no inundation resulted because the water was soaked

up by the dry earth and no surface flow was possi-
ble. Above about 80 mm of rain the pan was full and
it overflowed resulting in the flattening of the graph,
so inundation always lasted less than 20 days because
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Fig. 8. Pattern of rainfall at Bloemfontein over ten seasons from 1981 to 1991.
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Fig. 9. The relationship between period of inundation resulting and rainfall episode during a continuous period in 1985 and 1986, marked by

points and a line fitted by eye. The months label the positive inundations.

of evaporation, unless reinundation was sufficient to
extend this period. The predicted inundation derived
from this graph for the 1985/1986 rain year agreed sat-
isfactorily with the actual inundation (Fig. 10) and was
consequently used to calibrate the model for predict-
ing inundation pattern in Bain’s Vlei pan over ten rain
seasons. Subsequent verification of this model, using

incomplete data (i.e. from only some of the season’s
inundations) from the 1989/1990 rain season (Fig. 11),
suggests that the model might underestimate period
of inundation, but this was not sufficiently convincing
evidence to necessitate modification of the model.
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inundation.
Predicted long-term inundation pattern in Bain’s Vlei
pans

Approximately six inundations were predicted per
year, with little variation in number (Table 4). Predict-
ed duration was highly variable, ranging from three to
87 days, about a mean of almost 19 days, in a skewed
distribution (Fig. 12). Pattern of inundation during each
rain season was highly variable (Fig. 13).

Life-cycle data from some eubranchiopods in these
waters

Figures 14 to 16 show that all four species exam-
ined (Triops granarius, Streptocephalus macrourus,
Branchipodopsis tridens and Leptestheriella inermis)
begin producing eggs well before maximum body
length is reached. Egg production of S. macrourus
tapers off sharply by 18 days and that of B. tridens
ceases totally in that period. Those of T. granarius
and L. inermis continue to increase beyond this peri-
od. While B. tridens grew rapidly (Fig. 15) and died
off toward the end of the second week of inundation
(Fig. 16), the other three species grew more slowly.
T. granarius numbers decreased sharply by 18 days
while S. macrourus had by far the greatest survival

Individual survival of Branchipodopsis tridens, Streptocephalus macrourus and Triops granarius over an unlimited period of

rate with about 30 per cent of the population being
able to survive for two months in the laboratory.

Discussion

A useful model to predict the inundation of Bain’s Vlei
pans from rainfall data was developed and verified. It
was based on the deductions that below 20 mm of rain
there was insufficient surface flow to inundate the pans,
between 20 mm and 80 mm there was a regression to
predict period of inundation, above 80 mm the pans
overflowed, and evaporation of the pans took 20 days,
unless there was a follow-up rain which modified these
values accordingly.

Although period of inundation must vary between
pans, the pattern should be similar between pans in
the same rainfall area. Therefore this model should
have a wider predictive value. All that is necessary is
a knowledge of the amount of rain needed in a single
episode to result in surface runoff which in turn will
result in an inundation (in this case it was 20 mm),
of the further amount of rain needed to fill the pan
to capacity or overflow (80 mm in this case), and the
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period of time for the water in the pan to evaporate (20
days in this case), assuming that the pan is not affected
by groundwater movement.

The highly variable interannual and intraseasonal
rainfall patterns in the region of pan abundance (Figs
4 and 8) belie the fact that one cannot develop a useful
model of inundation. The inundation pattern derived
from the model turned out to be remarkably stable
between years. Over the ten years studied, the model
predicted an average of 5.8 inundations per year, vary-
ing between four and eight in any one year, while the
mean period of inundation of 18.8 days with a Standard
Deviation of 16.6 days (Table 4) implies a degree of
intraseasonal predictability that can be used as a base
for a life history strategy.

Among the organisms from the pan (Branchipodop-
sis tridens, Leptestheriella inermis and Triops gra-
narius) and the organism that was more common where
inundations were longer (Streptocephalus macrourus)
it was clear that all reached maturity within the first
week of inundation and produced a store of eggs with-
in the mean inundation period of about 19 days. All
four species were iteroparous so, once egg production
had begun, it continued until death of the organism,
usually as aresult of desiccation. T. granarius is a ubig-
uitous species in temporary waters of the Orange Free
State (Seaman & Kok, 1987) and is therefore not solely
from waters with inundations as short as 19 days, con-
sequently it cannot be expected to show specialisations
for such short inundations. While not enough is known
of the pan habitat of L. inermis and while S. macrou-
rus seems to be similar to T. granarius, it is clear that
B. tridens is adapted to short inundations of maximum
about two weeks (Figs 14 to 16). B. tridens grows
rapidly to maximum length within eight days, most
individuals are dead by two weeks and egg-production
occurs within six and 14 days. Therefore the shorter
the inundation the better for this species and the worse
for the other anostracan S. macrourus.

The simplistic » and K life history strategy contin-
uum (MacArthur & Wilson, 1967; Pianka, 1970) is
not appropriate to these organisms. It is more appro-
priate to look at the combination of traits which make
each population successful (Stearns, 1976, 1993), and
the two most relevant ones are probably time taken to
maturity and iteroparity which firstly allow the organ-
ism to reproduce while the aquatic habitat is available
and secondly to keep putting eggs into the ‘egg-bank’
as long as the habitat allows.
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