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Egg banks in dryland wetlands provide information
on the diversity and vulnerability of branchiopod
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Abstract Continued degradation of temporary wet-
lands and rapidly declining freshwater biodiversity
call for identification of vulnerable species as targets
for conservation and management efforts. Bran-
chiopod crustaceans are endemic to temporary waters
and rely on banks of drought-resistant eggs in the
sediment for survival across dry seasons. These egg
banks are like archives to biologists and allow them to
estimate population status and resilience, without the
need to sample active communities. Such an approach
has, however, not yet been fully explored. Here, we
investigate egg bank abundance and morpho-species
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richness to assess the vulnerability of branchiopod
communities in dryland landscapes. For study sys-
tems, we use 98 temporary wetlands across the
Northern Cape Province, South Africa, which con-
tained eggs of Notostraca, Anostraca, Spinicaudata
and Cladocera. We invoked the insurance hypothesis
to investigate community resilience and studied egg
bank abundance to reveal population status. Our
results indicate that branchiopod communities become
more vulnerable along an aridity gradient, from the
semi-arid eastern regions to the arid western parts of
the province. Apart from longitude, we also consid-
ered a suite of other environmental descriptors to
explain variability in egg bank abundance and richness
patterns and found that egg bank abundance decreased
with alkalinity.

Keywords Morpho-species richness - Egg bank
abundance - Insurance hypothesis - More-individuals
hypothesis - pH

Introduction

Branchiopods (Crustacea, Branchiopoda) rely on the
production of resistant eggs that accumulate in egg
banks for their continued persistence through unfa-
vourable dry periods in temporary waters (Ripley et al.
2004). These egg banks comprise an amalgamation of
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dormant progeny from past wet phases, primarily in
the top few centimetres of the sediment, indicated as
the ‘active’ egg bank (Brendonck and de Meester
2003; Brendonck et al. 2017). The egg banks typically
comprise large quantities of eggs from different
species and can survive for decades and even centuries
under harsh conditions, including drought, extreme
temperatures, and high salinity levels (Ripley et al.
2004; Schwentner and Richter 2015; Brendonck et al.
2017). Therefore, egg banks stabilise populations and
act as buffers against catastrophes (De Roeck et al.
2007; Graham and Wirth 2008; Henri et al. 2014).
Natural events such as wind erosion, predation,
extended length and frequencies of droughts, abortive
hatching due to early drying, disease, and burial in
deep sediment layers due to sediment mixing, may
cause loss from egg banks or obstruct recruitment of a
new generation (Brendonck et al. 1998, 2017; Bren-
donck and de Meester 2003; Gleason et al. 2003;
Pinceel et al. 2020). In addition to these natural
stressors, anthropogenic disturbance may also
severely affect the egg bank’s buffering capacity and
threaten species survival. Common activities like
mining, agriculture and urban development have led
to destruction and fragmentation of temporary wet-
lands at a rapid pace across the globe (Belk 1998;
Ripley et al. 2004; Brendonck et al. 2008). A recent
review by Tickner et al. (2020) revealed an alarming
decline in freshwater biodiversity globally and urged
for the implementation of a recovery plan to prevent
additional species loss. Only through protecting the
egg banks of temporary wetlands will their permanent
residents be conserved (Belk 1998). Therefore, in
order to plan for conservation and management
strategies of temporary wetlands it is vital to charac-
terise egg banks and improve our understanding of
processes that contribute to egg bank dynamics
(Maffei et al. 2002; Brendonck and de Meester 2003).
Since branchiopod egg morphology is often species
specific (Martin 1992; Brendonck and Coomans
1994a, b; Yan-bin and Di-ying 2008; Padhye et al.
2016), studying egg banks may serve as a convenient
way to reconstruct branchiopod communities, espe-
cially in arid regions where sporadic rainfall limits the
opportunity for sampling active populations (Bohonak
and Jenkins 2003; Brendonck and de Meester 2003;
Brendonck et al. 2008). Regarding ‘total biodiversity’
of the permanent inhabitants of temporary waters, egg
banks even offer a more complete picture than the
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active community (Boero et al. 1996). At any one
moment of sampling, the active community generally
only represents a portion of the entire community
(Brendonck and de Meester 2003). This partly relates
to the fact that hatching is conditional with extensive
intra- and interspecific variation in cues including
salinity, pH and temperature required to stimulate
hatching (Brendonck 1996). Therefore, during some
inundations, conditions may simply be unsuitable for
hatching of some species while others do hatch
(Brendonck et al. 2017). In addition, all branchiopod
eggs require light for hatching which means that only
eggs from the top layer will ever hatch since eggs in
deeper layers are deprived of light due to a thick cover
(Pinceel et al. 2013). Finally, not all branchiopods
hatch at the same time during an inundation or remain
present throughout the entire inundation. While fairy
shrimps (Branchiopoda, Anostraca) for instance typ-
ically hatch within the first days of inundation and
dominate the early stages, water fleas (Branchiopoda,
Cladocera) typically hatch later with some species
only emerging after 7-14 days. Also, due to variation
in predation sensitivity, some groups such as fairy
shrimps which are prone to predation by actively
dispersing insects may disappear from the community
in later stages of the hydroperiod, while less sensitive
groups such as clam shrimps (Branchiopoda, Laevi-
caudata and Spinicaudata) remain present (Jocqué
et al. 2007). Combined, this means that the moment of
sampling during an inundation may impact the species
that are encountered as well. Studying egg banks,
however, largely avoids these effects of temporal
variability (Vagle and McCain 2020) and affords a
more reliable way of estimating species richness
(Gyllstrom et al. 2007).

In addition to being an archive to reconstruct
species composition, the egg banks also provide
information on the vulnerability of the populations
present (Downing and Leibold 2010; Sada et al. 2013;
Henri et al. 2014). Yet, very few studies have
demonstrated such links since it requires quantifica-
tion of egg bank size, which is labour intensive (Sada
et al. 2013). Most studies that have measured egg
banks, included only those eggs within the top few
centimetres of the soil, i.e.; the active egg bank
(Caceres and Hairston 1998; Mura 2004; Wang et al.
2014). However, vertical sediment mixing may result
in viable egg banks that easily reach between
10-30 cm deep (Hairston et al. 2001; Mura 2004;
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Rogers 2014b). Although only eggs in the top layers
will be immediately exposed to hatching triggers
(Herzig 1985), churning over time can bring eggs back
to the surface (Hairston et al. 2001; Gyllstrom et al.
2007; Rogers 2014b). Ultimately, the presence of egg
banks in both top- and sub layers provides a supple-
mentary egg bank reserve and may enhance its long-
term buffering capacity (Brendonck and de Meester
2003).

Species richness has generally been accepted as an
indicator of community resilience, i.e. a community’s
ability to recover to a pre-disturbance condition of
stability (Downing and Leibold 2010). This can be
explained through the insurance hypothesis, which
stipulates that higher species richness provides a
stronger buffering capacity by offering a wider array
of responses to disturbances (Yachi and Loreau 1999).
Species richness usually correlates well with produc-
tivity (Srivastava and Lawton 1998; Romanuk and
Kolasa 2002; Simovi et al. 2013). This productivity—
species richness relationship has been best explained
by the more-individuals hypothesis (McGlynn et al.
2010; Storch et al. 2018; Vagle and McCain 2020),
which states that increased energy availability sup-
ports a higher total number of individuals (abundance)
and species in a community (Wright 1983). Even
though these hypotheses have been widely accepted in
ecology, the dynamics driving their constituents are
still unclear and seem to be habitat- and community
specific as well as scale-dependent (Downing and
Leibold 2010; Storch et al. 2018; Vagle and McCain
2020). Branchiopod distribution patterns are usually
influenced by climate and the physiochemical charac-
teristics associated with each habitat (Maeda-Martinez
etal. 1997; Boven et al. 2008; Sada et al. 2013; Rogers
2014a; Rogers and Timms 2014). However, to fully
comprehend the ecological processes that drive the
occurrence of branchiopods across habitats in a
specific region, it is important to understand how
community abundance and species richness are linked
(Storch et al. 2018), and what the drivers behind this
relationship are (Rombouts et al. 2009; Gillman et al.
2015; Nhiwatiwa et al. 2017).

In this study, we investigate the potential buffering
capacity of branchiopod communities in light of
ongoing wetland pressures in dryland landscapes.
For this, we use a set of 98 temporary wetlands across
the Northern Cape, South Africa, which contained
eggs of Notostraca, Anostraca, Spinicaudata, and

Cladocera. South Africa has a rich branchiopod fauna
(De Roeck et al. 2007; Bird et al. 2019) and the
Northern Cape is the largest, most arid (MAP < 350
mm) province with temporary wetlands across four
geomorphic regions (Partridge et al. 2010; Meyer-
Milne et al. 2020). This makes it an ideal study system
to first of all test the insurance hypothesis and explore
resilience and population status between distinct
dryland regions. Next, we assess if local and regional
egg bank characteristics are linked to community
abundance and species richness and if more species-
rich communities also have more individuals, to test
the more-individuals hypothesis.

Materials and methods
Study area

The study was performed in the Northern Cape
Province of South Africa, in four distinct geomor-
phic regions where temporary wetlands are abundant
(Fig. 1), i.e.; Kalahari, Bushmanland, Ghaap Plateau
and Upper Karoo. These wetlands, similar to playas
and dry lakes, are natural, small (< 10 ha) to large
(> 10,000 ha) depressions with bare or semi-vege-
tated, clayey soil surfaces. They occur in low lying
areas of the landscape and are only filled occasionally
for a couple of weeks from surface runoff after
substantial summer rains. An aridity gradient spans
our study region (Fig. 1) with annual rainfall of
120 mm (Bushmanland) and 156 mm (Kalahari) in
the west, to 276 mm (Ghaap Plateau) and 296 mm
(Upper Karoo) in the east. Annual evaporation rates
exceed 2 400 mm in the Bushmanland and Kalahari
regions, but range between 2 001 and 2400 mm in
Ghaap Plateau and Upper Karoo.

Data collection

A total of 98 dry wetlands were sampled from August
to November 2017, across the four study regions; i.e.;
Kalahari (n = 23), Bushmanland (n = 25), Ghaap
Plateau (n = 25) and Upper Karoo (n = 25). In each
wetland, sediment holding the egg bank was sampled
at a minimum of three plots, but more (up to six) plots
were added for larger wetlands to roughly maintain the
same sampling effort to surface ratio. A hand spade
was used to remove at least 1L of the top 5 cm of
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Fig.1 Map of the study area in the Northern Cape Province of
South Africa, indicating the locations of 98 study sites (circles)
across four regions in which branchiopod egg banks were

solidified crust at each £ 30 cm x 30 cm plot, while
a soil auger was used to sample 1L of subsoil directly
below the crust up to bed rock or the first 20 cm. A
total of 616 (308 crust and 308 subsoil) samples were
collected for this study (Kalahari (n = 144), Bush-
manland (n = 152), Ghaap Plateau (n = 152) and
Upper Karoo (n = 168)). We then followed a stan-
dardised sugar flotation method developed by Onbé
(1978) and modified by Marcus (1990) to extract
branchiopod eggs from the crust samples using 20 mL.
of soil in 50 mL centrifuge tubes. After extraction,
eggs were allowed to air dry on petri dishes. We then
sorted the eggs according to unique morphology under
a dissecting microscope, using methodology adapted
from Meyer-Milne (2021). Egg bank abundance was
defined as the sum of egg counts from each sample,
and egg morpho-species richness as the total number
of different egg morphotypes per sample.
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sampled, as well as the Global Aridity Index according to
Trabucco and Zomer (2018). Green colours represent more
humid conditions, with red colours representing higher aridity

Seven environmental descriptors were selected for
this study, i.e.; latitude, longitude, wetland size, electri-
cal conductivity, pH, turbidity and chlorophyll a.
Latitude and longitude represent the absolute locations
(in degrees) of the centre of each wetland and wetland
size denotes the surface area (ha) calculated for each
wetland. These three variables, along with the study
map were generated in QGIS (QGIS Essen 2.14.5,
http://www.qgis.org). Water quality variables were
measured during inundation experiments in the lab
using handheld multimeters. For each wetland, two
replicates of 35 g pooled crust sediment were inun-
dated with 1.5 L of type II RO water in 2-L plastic
aquaria and then aerated for three days before mea-
suring chlorophyll a and Turbidity (Turner Aquafluor
Handheld Fluorometer/Turbidimeter), Electrical
Conductivity (WTW Multiline P4 Universal Meter)
and pH (Hanna HI-98190 Professional Waterproof
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pH/ORP Meter). The trials were run under strictly
controlled conditions using specialised incubators to
allow for consistent light cycles, light intensity, aera-
tion, and temperature. Three readings of each param-
eter were taken randomly in each sample and then
averaged to obtain the final measurements.

Data analyses

We compared egg morpho-species richness (as a
proxy for community species richness) and egg bank
abundance (as a proxy for community abundance)
between the four study regions with nonparametric
Kruskal-Wallis and Dunn’s multiple comparison rank
sum test. For this, we separated the crust and subsoil
samples and transformed egg abundance and morpho-
species richness data with log(x + 1). We used linear
regression to test the more-individuals hypothesis and
to investigate the relationship between egg bank
abundance and morpho-species richness across
regions. We performed multiple regression analysis
in order to identify the independent environmental
descriptors (latitude, longitude, wetland size, electri-
cal conductivity, pH, turbidity and chlorophyll @) that
best account for variation in branchiopod egg abun-
dance and morpho-species richness. The matrix of
correlation coefficients, variance inflation factor, and
tolerance statistics were observed to assess collinear-
ity in models. For all regression analyses we only used
data from crust samples and transformed egg abun-
dance and morpho-species richness data with log(x).
All statistical analyses were performed using RStudio,
R version 4.0.2; RCommander package version 2.6-2,
accompanied by the ‘dunn.test’” package v 1.3.5
(Dinno 2015) and ‘olsrr’ package v 0.5.3 (Hebbali
2020). Data was visualised with the ‘ggplot2’ package
v 3.3.2 (Wickham 2016). All sites, for which both the
crust and subsoil rendered no eggs, were removed for
statistical analyses.

Results

Overall, a total of 3 546 eggs were extracted from 82
sites and processed for this study. A total of 2 826 eggs
were uncovered from the crust and 720 from the
subsoil. Egg abundance ranged from one to a maxi-
mum of 320, with an average of 43 eggs per pooled
wetland sample. Thirty-six morphotypes were

identified (Fig. 2). Egg morpho-species richness
ranged from one to 11, with an average of four
morpho-species per wetland. These included notostra-
can, anostracan, and spinicaudatan eggs, as well as
cladoceran ephippia.

Egg abundance

Egg abundance differed significantly between regions
for egg banks located in the crust (H = 16.40,
p <0.001) and subsoil (H=13.33, p=0.004)
(Fig. 3). Egg abundance in the crust of the Ghaap
Plateau wetlands were significantly higher than in any
other region (Dunn’s post-hoc, px g < 0.001, pyk.
< 0.014). There was no difference in the egg
abundance of crusts between the Kalahari, Bushman-
land or Upper Karoo wetlands (Dunn’s post-hoc,
Pan > 0.05). The egg banks located in the subsoil
substrates of the Kalahari wetlands had the lowest egg
abundance, and were also significantly lower than the
subsoils of all other regions (Dunn’s post-hoc,
peL = 0.02, pgp = 0.003, pyk < 0.001). There was
no difference in the egg abundance of subsoils
between the Bushmanland, Ghaap Plateau or Upper
Karoo wetlands (Dunn’s post-hoc, p,; > 0.05).

Egg morpho-species richness

There was a significant difference in egg morpho-
species richness between regions for egg banks located
in the crust (H =30.20, p < 0.001) and subsoil
(H = 18.49, p < 0.001) (Fig. 3). Egg bank morpho-
species richness in the crust of Ghaap Plateau wetlands
was highest (Dunn’s post-hoc, pxpr < 0.001, puk.
< 0.007). The Upper Karoo crusts also had higher
morpho-species richness than the Kalahari (Dunn’s
post-hoc, p = 0.006), but there was no difference in
egg bank morpho-species richness of crusts between
the Upper Karoo and Bushmanland (Dunn’s post-hoc,
p = 0.03), or between the Bushmanland and Kalahari
wetlands (Dunn’s post-hoc, p = 0.20). The egg banks
in the subsoils of the Ghaap Plateau and Upper Karoo
wetlands had higher egg morpho-species richness than
those of the Bushmanland (Dunn’s post-hoc, pgp.
= 0.015, pyk = 0.003) and Kalahari (Dunn’s post-
hoc, pgp.uk < 0.001). There was however no differ-
ence in morpho-species richness between egg banks in
the subsoils of Ghaap Plateau and Upper Karoo
wetlands (Dunn’s post-hoc, p = 0.233), or between the
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«Fig. 2 Examples of branchiopod egg morphotypes identified
from the wetlands in the Northern Cape

Kalahari and Bushmanland wetlands (Dunn’s post-
hoc, p = 0.120).

The more-individuals hypothesis
A significant morpho-species richness—abundance

relationship existed in the egg banks of the Upper
Karoo (R*=0.903, p < 0.001), Ghaap Plateau
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study regions in the Northern Cape, South Africa. Outliers are

(R*=0.703, p<0.001) and Bushmanland
(R2 = 0.345, p = 0.005) wetlands, with the strength
of this relationship decreasing in that order (Table 1,
Fig. 4). There was however no significant relationship
between egg bank abundance and morpho-species
richness in the Kalahari wetlands (R2 =0.132,
p = 0.183).
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Tablel Summary of linear regression statistics showing the relationship between egg abundance and egg morpho-species richness in

the egg banks of wetlands across four regions of the Northern Cape

Region B SE t R? df F p
Kalahari 0.145 0.103 1.406 0.132 13 1.975 0.183
Bushmanland 0.242 0.076 3.164 0.345 19 10.01 0.005%*
Ghaap Plateau 0.376 0.051 7.374 0.703 23 54.38 < 0.001*
Upper Karoo 0.454 0.034 13.270 0.903 19 176.1 < 0.001*
Significant relationships are indicated with*
abundance (f = -— 0.85, p = 0.02), with egg abun-
R2=0703 ¢/ dance decreasing with increased alkalinity (Fig. 5). It
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Fig. 4 Simple linear regression indicating the relationship
between egg morpho-species richness and egg abundance in
wetlands across the four study regions of the Northern Cape,
South Africa

Association between egg banks and environmental
conditions

No collinearity existed between the seven independent
environmental descriptors (Table 2) that were
included in the multiple regression analysis. The
results of the regression indicated that the seven
predictors explained 28% of the variance (R* = 0.278,
F(7,74) = 4.078, p < 0.001) in egg bank abundance
and  40% of the variance (R*=0.404,
F(7,74) = 7.172, p < 0.001) in egg morpho-species
richness. pH significantly predicted egg bank

@ Springer

however had no direct effect on variability in egg
morpho-species richness. Longitude was also a sig-
nificant predictor of egg bank abundance (f = 0.31,
p = 0.02) and morpho-species richness ( = 0.22,
p < 0.001) with both egg abundance and morpho-
species richness increasing significantly towards the
east (Fig. 5). Latitude, wetland size, electrical con-
ductivity, turbidity and chlorophyll a had no effect on
the variability in egg bank abundance or morpho-
species richness (Table 2).

Discussion

The buffering capacity of branchiopod
communities

We studied dormant egg banks to improve our
understanding of the buffering capacity of bran-
chiopod communities in the temporary wetlands of
drylands along an aridity gradient. Our results
revealed that branchiopod communities become more
vulnerable along an aridity gradient, from the semi-
arid eastern regions to the arid western parts of the
Northern Cape. Most wetlands in the province com-
prised high-abundance branchiopod egg banks in the
crust with on average around 100 000 eggs per m* and
some additional egg reserves in the sublayer. Consis-
tent with our expectations, 80% of all eggs were
uncovered from the crust. The top few centimetres of
sediment typically have the highest egg abundance
since most recently produced eggs end up in this layer
(Caceres and Hairston 1998; Brendonck and de
Meester 2003). While most studies ignore egg reserves
in the sublayers, such reserves could be highly relevant
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Table 2 Summary of multiple regression statistics showing
effects of latitude (LAT), longitude (LONG), wetland size,
electrical conductivity (EC), pH, turbidity and chlorophyll a on

egg abundance and egg morpho-species richness in the egg
banks of wetlands from the Northern Cape

Egg abundance

Egg morpho-species richness

VIF B SE t p p SE t p
LAT 1.274 0.152 0.154 0.989 0.326 0.050 0.073 0.693 0.491
LONG 1.549 0.315 0.131 2.409 0.019* 0.219 0.062 3.555 < 0.001*
Wetland size 1.128 < —0.001 < 0.001 —1.673 0.099 < -0.001 < 0.001 —1.236 0.221
EC 1.302 < 0.001 < 0.001 1.438 0.155 < -0.001 < 0.001 —1.436 0.155
pH 1.714 —0.846 0.350 —2.421 0.018* —0.323 0.165 —1.957 0.054
Turbidity 1.644 < —0.001 < 0.001 —0.407 0.685 < 0.001 < 0.001 0.673 0.503
Chlorophyll a 1.479 0.001 0.002 0.501 0.618 —0.002 0.001 —1.550 0.126

The variance inflation factor (VIF) values are reported to indicate no collinearity

Significant effects are indicated with*

for long term community dynamics and resilience to
catastrophic conditions (Hairston et al. 2001; Mura
2004). Therefore, the relatively high morpho-species
richness in the crust and subsoil of the Ghaap Plateau
and Upper Karoo wetlands suggest that branchiopod
communities from these regions could be most
resilient to disturbances (Yachi and Loreau 1999). In
contrast, the more arid Kalahari and Bushmanland
wetlands appear to be less buffered, with particularly
poor subsoil reserves.

Likely, the ability of any temporary wetland
community to buffer against catastrophes would still
depend on the scale and extent of disturbance events
(Brendonck and de Meester 2003; Sada et al. 2013).
While branchiopod communities across dryland
regions are typically well buffered against natural
disturbance, including prolonged droughts, early dry-
ing events and wind (Fryer 1996; Brendonck et al.
1998, 2017), the opposite is expected with regard to
physical disturbances caused by anthropogenic activ-
ities. Extreme alterations such as total habitat destruc-
tion or deliberate transformation of the hydrological
regime typically result in complete species losses
(Martens and De Moor 1995; Eder and Hodl 2002).
Although branchiopod communities are not able to
cope with such catastrophic events, communities in
the semi-arid regions would be better buffered against
moderate impacts. Gleason et al. (2004) attested that
natural recolonization of invertebrates in restored
wetlands is possible. Therefore, the onus of bran-
chiopod communities persisting in the more arid

regions amidst increasing anthropogenic pressures
falls on effective land use management and conserva-
tion policies.

The more-individuals hypothesis

In most regions of the Northern Cape there was a
distinct positive relationship between dormant egg
abundance and morpho-species richness, with these
associations being strongest in the Ghaap Plateau and
Upper Karoo wetlands. Typically, the ‘more-individ-
uals hypothesis’ is invoked to explain such associa-
tions (McGlynn et al. 2010; Storch et al. 2018; Vagle
and McCain 2020). This hypothesis proposes that
increased energy, and thereby resource availability,
supports a higher number of individuals in a commu-
nity (Drever et al. 2009), which, in turn, sustains more
species by lowering the risk of local extinction
(Wright 1983). Therefore, it seems likely that the
wetlands of the semi-arid regions have higher resource
availability to sustain higher branchiopod abundance
and more species, compared to the arid regions. We
could postulate that energy availability is compro-
mised in the most arid wetlands of the Kalahari region
through reduced vegetation cover, frequent wind
scouring, lower precipitation- and increased evapora-
tion rates, but ecosystems are dynamic and therefore
this assumption should be accepted with caution. After
all, various processes such as climate change, food
web feedback loops, interaction strengths, and com-
petition can obscure the species richness—productivity
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relationship (Rombouts et al. 2009; Downing and
Leibold 2010; Gillman et al. 2015). Surprisingly, there
was no effect of chlorophyll a on egg bank abundance
or morpho-species richness. Algae are indeed, as
primary producers, the main food source for filter
feeding branchiopods (Brostoff et al. 2010). It is

@ Springer

therefore reasonable to expect that chlorophyll 4, as a
proxy for energy availability, would be associated
with dormant community characteristics (Rombouts
et al. 2009; McGlynn et al. 2010; Gillman et al. 2015).
The lack of association in our study could be due to our
artificial setup in the laboratory, starting from dried
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sediments. The energy flux during the wet phase of a
natural setting is probably more extensive. Neverthe-
less, the solid association between the total number of
individuals and morpho-species richness of the studied
communities implies that egg abundance counts could
serve as proxies to infer community resilience.

Drivers behind egg bank community
characteristics

Studying the relationship between dormant morpho-
species richness and abundance alone is not sufficient
to understand biodiversity patterns and buffering
capacities across landscapes. Distinguishing the
mechanisms behind these patterns is pivotal (Drever
et al. 2009; Rombouts et al. 2009). We tested a suite of
environmental descriptors to explain variability in egg
bank abundance and morpho-species richness patterns
across our study region and identified longitude and
pH as significant contributors. Egg bank abundance
and morpho-species richness were indeed higher in
wetlands of the Ghaap Plateau and Upper Karoo
regions compared to the more arid regions. This
indicates an increased egg bank buffering capacity
from the arid western regions to the semi-arid eastern
parts of the province. Natural aridity gradients are
notorious for their effect on species richness and
abundance as a result of changes in temperature and
rainfall (Hawkins et al. 2003; Pérez-Sanchez et al.
2013). The longitudinal aridity gradient in our study is
likely associated with more consistent hydroperiods
and reproductive success of populations in the east.
This reiterates the vulnerability of temporary wetlands
in the more arid regions to land use changes. Our
results further indicate that egg bank abundance
decreased proportionately with alkalinity (i.e.; pH
increase). This effect of pH is not surprising, as it is
known to influence branchiopod reproductive strate-
gies, even at very small variations (Korhola and
Rautio 2001; Schonbrunner and Eder 2006; Naceur
et al. 2012). Although more research is needed to
understand the processes behind the variation in pH
values it seems to be an important variable to consider
when monitoring temporary wetland communities.

Conclusion

Through a depth integrated egg bank analysis, we
reconstructed abundance and richness of dormant
freshwater communities in Northern Cape temporary
wetlands. Our results suggest that branchiopod egg
banks in the studied systems are mainly structured by
variation in pH and level of aridity. If morpho-species
richness and egg bank size are indeed good proxies for
branchiopod resilience, our results suggest that the
buffering capacity of branchiopod egg banks
decreases with increasing aridity. Consequently, bran-
chiopod communities in the more arid areas should be
prioritized for conservation efforts and stringent land
use management. Future monitoring protocols should
include egg abundance counts and pH measurements
to deduce changes in egg bank buffering capacities.
These findings are especially insightful, because
extensive live sampling across dryland landscapes is
nearly impossible due to sporadic rainfall patterns. We
recommend that also egg banks in deeper sublayers of
the sediment are considered along with soil properties
and physical processes that may drive sediment
mixing and recruitment of dormant individuals from
these layers.
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