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Abstract: The length of the hydrocycle restrains the development of communities in temporary aquatic habitats. 
Little information is available on the importance of biotic interactions in shaping the communities in these habitats. 
A common observation in the freshwater rock pool community assembly process is the clearly separated density 
peaks of fairy shrimp (Anostraca) and cladocerans (Anomopoda) over time. Fairy shrimp (Anostraca), the fl agship 
group and dominant fi lter feeders of temporary waters hatch early after inundation. This contrasts with the occur-
rence pattern of coexisting cladocerans, which despite higher chances of abortive hatching occur later during the 
hydroperiod. To study this apparent succession pattern and test the possible presence of a biotic interaction, we 
set up enclosure experiments in freshwater rock pools in Western Australia and monitored cladoceran (Macrothrix 
hardingii) densities in the presence of variable densities or absence of fairy shrimp (Branchinella longirostris). 
The anomopod cladoceran populations decreased with increasing anostracan densities revealing a negative biotic 
interaction. The competitive dominance of anostracans most probably was mainly due to exploitation competition, 
with possibly elements of interference competition or predation included. Early hatching and competitive superi-
ority may help anostracans in temporary pools to monopolize the habitat with respect to small and/or other fi lter 
feeding invertebrates. As such they infl uence succession dynamics and invertebrate community structure, making 
anostracans keystone species of temporary pools.
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Introduction

Species rarely occupy their entire fundamental niche 
as determined by their tolerance limits. Biotic interac-
tions, of which competition and predation are probably 
the most important (Kerfoot & Sih 1987), restrict spe-
cies to only a fraction of their total niche (i.e. the real-
ized niche; Putman 1995). The presence and strength 
of biotic interactions depends on the complexity of the 
food web and the overlap in niche space of the com-
ponent species.

Inhabitants of temporary aquatic habitats are fre-
quently exposed to a stressful abiotic environment, es-

pecially as the habitat disappears once or several times 
a year due to evaporation or freezing. The particular 
adaptations required to persist in such temporary habi-
tats strongly limit the number of species persisting in 
this environment. If the inundation period increases, 
less specifi c adaptations are needed for survival and 
in general an increase in species richness is expected. 
Along with species richness, the complexity of the 
food web and the intensity of species interactions in 
a community increases (Wiggins et al. 1980, Well-
born 1996, Urban 2004). The relevance of biotic in-
teractions in temporary waters as structuring factors of 
communities is only fragmentarily understood. Exam-
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ples include competition and parasitism in cladocerans 
(Bengtsson 1989, Bengtsson 1993, Bengtsson & Ebert 
1998), competition in Corixidae (Pajunen 1979a, Pa-
junen 1979b, Pajunen & Pajunen 1993) and predation 
on Anostraca (Brendonck et al. 2002, De Roeck et al. 
2005). Blaustein et al. (1995) showed the potential 
consequences of predation pressure for distribution 
patterns of entire invertebrate communities. Consid-
ering the limited time available in some temporary 
habitats, biotic interactions are in most cases not ex-
pected to reach equilibrium or lead to the exclusion 
of interacting taxa (Bengtsson 1986). It is therefore 
expected that they contribute only minimally to com-
munity structure.

In a study of invertebrate community succession in 
temporary freshwater rock pools in Botswana, distinct 
population density peaks of Anostraca (Branchipo-
dopsis wolfi  Daday 1910) and Cladocera (Leberis sp.) 
were observed in the same pool, where the cladocerans 
took over when the last anostracan died off (Jocque et 
al. 2007). Similar patterns were observed in temporary 
rock pools in South Africa (Vanschoenwinkel, pers. 
observ.) and Western Australia (Jocque, pers. observ.). 
Early hatching triggered by ecologically informative 
cues, combined with a bet-hedging strategy, is a ma-
jor adaptation to persist in unpredictable temporary 
aquatic habitats (Simovich & Hathaway 1997, Bren-
donck et al. 2000, Brendonck & Riddoch 2001). The 
late density peak of the cladocerans compared to the 
anostracans does not seem to be a benefi cial strategy 
in ephemeral habitats and may be an indication for 
a negative biotic interaction between those two taxa. 

On the other hand, the delayed presence of cladocer-
ans might also result from other independent factors 
such as a differential sensitivity to predation pressure, 
which usually increases during inundations (Spencer 
et al. 1999), or a differential population build up. The 
late presence of Cladocera could possibly also result 
from a delayed hatching due to environmental clues 
indicating the presence of predators as was suggested 
by the lower hatching of Ceriodaphnia quadrangular 
Müller in the presence of salamander larvae (Blaustein 
1997). Anostraca, the fl agship group of permanent in-
habitants in temporary waters (Belk 1998), are among 
the fi rst organisms that hatch in newly inundated habi-
tats (e.g. Lahr et al. 1999), this may contrast with the 
slower population build up of cladocerans.

In this study, we explicitly test the hypothesis that 
the commonly observed late density peak of cladocer-
ans in temporary waters is due to a negative interaction 
with fairy shrimp, which are usually abundant in early 
stages of the hydroperiod. We monitored densities 
of an anomopodan population (Macrothrix hardingi) 
over time exposed to variable Anostraca densities in 
enclosures placed in freshwater rock pools on top of 
an inselberg in West Australia.

Material and methods

We tested for a relationship between population densities of 
Branchinella longirostris (Wolf 1911) (Branchiopoda: Anost-
raca) and Macrothrix hardingi Petkovski 1973 (Branchiopoda: 
Cladocera: Anomopoda) in rock pools using fi eld enclosures. 
The experiments were conducted on Wave rock, a granite out-

Fig. 1. Cladocera (Macrothrix hardin-
gii) density dynamics over time in the 
presence of none, one or fi ve Anostraca 
(Branchinella longirostris), averaged 
over all replicates in the four pools (± 1 
standard error).
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crop near Hyden, Western Australia. Four medium sized pools 
(roughly 4 m2 surface and less than 20 cm maximum depth) 
were randomly selected. In each pool four clusters (replicates) 
each of three enclosures (treatments) were placed according to 
a randomized block design, resulting in 48 enclosures in total. 
Enclosures consisted of plastic 200 ml containers with a 64 µm 
bottom mesh. When placed in the pools they contained between 
150 and 175 ml of water. At the beginning of the experiment 
every enclosure was inoculated with ten cladocerans from the 
pool holding the respective enclosures. The inoculated number 
of cladocerans equalled the average natural density at that mo-
ment in the respective four pools. Three densities of Anostraca 
were then added; zero (the control), one (low-density treatment) 
and fi ve individuals (high-density treatment). Although B. lon-
girostris naturally occurs on Wave Rock, the pools had been 
inundated for a substantial time already (> 2 months, Timms, 
pers. comm.) and advanced in the hydroperiod. Therefore, no 
Anostraca were present in the pools at the moment the experi-
ment was conducted. The anostracans used in the experiment 
were therefore collected from a nearby (50 km North East of 
Hyden) granite outcrop called “the humps”. After initiation of 
the experiment, cladoceran densities were recorded every day 
between 9.00–11.00 a.m. for 10 days. Dead anostracans were 
replaced.

Statistical analysis

Differences in cladoceran densities (number of individuals per 
enclosure) under the different treatments were analyzed with a 
repeated measures analysis. The sequential nature of the data 
with a chance that measurements taken more closely in time 
are also more strongly correlated, may, however, result in less 
accurate analyses by traditional forms of ANOVA (Keselman et 
al. 1999). We therefore used a general linear mixed model (Proc 
MIXED in SAS/STAT 8.0) and an autoregressive covariance 
structure (AR1) that was selected based on AIC (Burnham & 
Anderson 1998). The nested structure of our design (four rep-
licas per treatment nested in four pools) was explicitly taken 
into account by including POOL as a factor in our model. We 
tested for signifi cant differences between treatments using post 
hoc tests (CONTRAST statement) providing F-statistics. Cor-
responding P-values were Bonferroni corrected for table wide 
errors.

Results

Figure 1 presents the dynamics of cladoceran densi-
ties in the enclosures. We found signifi cant effects of 
the treatments (Table 1) as well as a signifi cant time × 
treatment interaction. Cladoceran densities decreased 
signifi cantly over time in the presence of Anostraca 
and remained constant in the control. Post hoc tests 
revealed signifi cant differences between the control 
and the high anostracan density treatment (F = 7.98; 
P = 0.0055), and between the low and the high anos-
tracan density treatment (F = 7.75; P = 0.0067), but 
not between the control and the low anostracan density 
treatment (F = 0.02; P = 0.9).

Cladoceran densities in all three treatments stabi-
lized during the experiment. Both the control and the 
treatment with one fairy shrimp stabilized after two 
days, while cladoceran populations in the presence of 
fi ve fairy shrimps stabilized after eight days (Fig. 1). 
We also observed signifi cant differences between 
pools (Table 1).

Discussion

Cladoceran (Macrothrix hardingii) densities decreased 
in the presence of Anostraca (Branchinella longiros-
tris) in all enclosures. With the size of the start-up 
population of cladocerans in the enclosure experiment 
based on counts of natural densities in anostracan-free 
pools at the moment of the study, our results suggest 
that the observed cladoceran densities probably would 
not have been reached in the presence of high densities 
of B. longirostris. The observed negative interaction 
between these two branchiopod taxa in the rock pools 
provides a possible explanation for the observed tem-
poral segregation in population peak density of these 
taxa (Jocque et al. 2007). The dominance of Anostraca 
over cladocerans in certain types of temporary pools 
is most probably rooted in adaptations of Anostraca 
to the ephemeral and unpredictable aspects of these 
habitats. The major stress factor for temporary pool 
inhabitants is early drought of the pool (Batzer & 
Wissinger 1996). Early hatching combined with a fast 
growth is crucial in the race to mature and reproduce 
in time (Brendonck et al. 2000, Brendonck & Riddoch 
2001). In combination with early recolonization we be-
lieve that due to a very effi cient fi ltering system, fairy 
shrimp effectively monopolize resources immediately 
after the fl ooding of a pool, yielding a strong priority 
effect (De Meester et al. 2002). In the generally oligo-
trophic rock pools, this does not leave much room for 
later arriving and/or less effi cient fi lter feeders.

Fast growth is based on an effi cient collection of 
large quantity of and/or good quality food. In general 
Anostraca may be described as effi cient free-swim-

Table 1. Results of the General Linear Model (GLM), testing 
for effects of competition treatment, time, treatment – time in-
teraction and individual pool on cladoceran density.

Model: cladoceran density Df F-value P
Treatment  2 5.13 0.0075
Time  8 2.00 0.046
Time × treatment 16 1.83 0.026
Pool  3 8.15 0.0003
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ming fi lter feeders (Dodson & Frey 2001). One in-
dividual fi lters about 1 litre per hour (Dumont & Ali 
2004). Anostraca are expected to be more effi cient 
fi lter feeders than cladocerans due to their larger size 
resulting in the ability to fi lter a larger size spectrum 
of particles and a larger amount of water (Brendonck 
1993a) compared to the smaller cladocerans with less 
fi ltering limbs.

Anostraca are omnivores. Brendonck et al. (2000) 
mention the fl exible feeding behaviour of Branchipo-
dopsis wolfi  helping to survive in the nutrient poor 
conditions of diluted rock pools. Anostraca consume a 
wide variety of organic particles, such as phytoplank-
ton and bacteria (Brendonck 1993a,b, Dierckens et 
al. 1997) and are also known to ingest rotifers (Stark-
weather 2005), nematodes, cladocerans (Bernice 1971) 
and other small invertebrates (Mertens et al. 1990). 
Some large anostracans even actively hunt and predate 
on other organisms (Fryer 1966, White et al. 1969, 
Rogers et al. 2006). The omnivory of Anostraca allows 
them to utilize a wide range of food types, providing 
the necessary fl exibility to survive in these nutrient 
poor habitats. In addition, the ingestion of nauplii and 
other larval stages of other species may help eliminate 
potential competitors. The observed negative interac-
tion between fairy shrimp and cladocerans in our ex-
periment could be complemented by a predatory effect 
via consumption or disturbance of juvenile cladoceran 
stages. Dumont & Ali (2004) report that Streptocepha-
lus proboscideus (Frauenfeld 1873) individuals can-
nibalize their own nauplii, creating a self-regulating 
control of population density, with the adults consum-
ing the newly hatched nauplii. Based on this observa-
tion, it can be expected that other small crustaceans or 
their offspring could also serve as food source. How-
ever, if there would be a strong predatory element be-
tween Anostraca and cladocerans in our experiment, 
we would expect decimation of the cladoceran popula-
tions in less than a day based on the fi ltering rates of 
Streptocephalus proboscideus (Mertens et al. 1990). 
This is not the case. Even in the highest density treat-
ment with fi ve Anostraca, cladoceran densities stabi-
lized to approximately six individuals for the last three 
days of the experiment (Fig. 1). Cladoceran communi-
ties reached carrying capacity indicating that interfer-
ence competition or predation was most probably not 
very important.

Due to the combination of competitive dominance, 
possibly reinforced with interference competition and/
or predation, fairy shrimp may be able to outcompete 
cladocerans and other fi lter feeders. However, due 
to their large size and active behavior, Anostraca are 

particularly vulnerable to predation, mostly by insect 
predators (Brendonck et al. 2002), but also by some 
amphibians (Wissinger et al. 1999) and turbellarians 
(Dumont & Schorreels 1990, De Roeck et al. 2005). 
These usually become abundant later on during inun-
dations and are reported to quickly decimate anostra-
can populations. A drop in Anostraca densities during 
inundations caused by increased predation risk may 
help cladocerans and other small and /or fi lter feed-
ing organisms to fully develop their populations. From 
this point of view by monopolizing the fi rst succes-
sive phase of a temporary pool, fairy shrimp may have 
a considerable effect on community structure. Fairy 
shrimp may therefore not only be considered fl agship 
species but also keystone species of this habitat type.

Our results follow the seasonal change in zooplank-
ton community structure with turn over of large-bod-
ied (e.g. Daphnia sp.) by smaller bodied species (e.g. 
Ceriodaphnia sp.) that is documented for large stand-
ing waters (Sommer et al. 1986). The size-effi ciency 
hypothesis, stating that large bodied zooplankton spe-
cies are competitively superior to small-bodied ones, 
is often used to explain this shift. Large species are 
competitively superior and occur in the beginning of 
the season, until size-selective predation on large zoo-
plankton by planktivores shifts dominance to smaller 
forms (Gliwicz & Pijanowska 1989). Also other ele-
ments such as resource quality and variability in pres-
ence, temperature, and productivity of a habitat have 
all been cited as factors that can infl uence zooplankton 
community structure, as well as the strength and out-
come of competitive interactions between large and 
small-bodied taxa (e.g. Bengtsson 1986). The extreme 
differences in size and high vulnerability of the Anos-
traca to predation suggest that this most probably will 
be the main driving factor explaining the successional 
shift from Anostraca to cladocerans. We observed that 
the competition interactions are not static but highly 
dynamic, varying both spatially (between pools) and 
temporally. This variation between pools can be re-
lated with the nutritional quality of resources (Steiner 
2003), or other variability in the abiotic or biotic en-
vironment. The infl uence of environmental variability 
between pools on biotic interactions can be substantial 
as was observed by Sanchez & Angeler (2007) during 
a set up of enclosures to test the infl uence of Branchi-
necta orientalis Sars 1901 on zooplankton communi-
ties. Here, the high degree of environmental variabil-
ity between pools compromised the detection of any 
infl uence of fairy shrimps on zooplankton community 
structure (Sanchez & Angeler 2007).
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Conclusions

The appearance and success of cladocerans in tem-
porary pools during late inundation phases of tempo-
rary pools is at least partly caused by a competitive 
dominance of Anostraca. We expect a certain degree 
of interference competition; disturbing and stressing 
the water fl eas, which may further reinforce the direct 
competitive advantages of the Anostraca (effi cient fi l-
ter feeding), complemented by possible predation on 
cladoceran neonates. Future experiments, however, 
are needed to elucidate the fi ne scale mechanism of 
this interaction. Considering different development 
stages of other temporary pool organisms may help to 
increase our understanding of the general success and 
dominance of Anostraca in ephemeral water bodies.
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