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Explanations for the coexistence of multiple species from the same functional group or taxonomic clade frequently include 
fine-scale resource partitioning. However, despite the hypothesized importance of niche partitioning, we know relatively 
little about the underlying mechanisms. For example, differences in resource use may be fixed consequences of organism 
traits, or they may be achieved via context-dependent behaviors. In this study we investigated mechanisms of microhabitat 
partitioning using eight species of marine mesograzers inhabiting seagrass and algae habitats, using laboratory trials to 
measure microhabitat use in the presence and absence of both predators and competitors. We found clear evidence for 
microhabitat partitioning between the species, which account for over 60% of the mesograzers commonly found in this 
system and vary in both body size and the ability to build tubes on habitat substrates. Species-specific microhabitat use 
was poorly predicted by these two traits, but remained remarkably consistent across contexts. Habitat use was not affected 
by the presence of fish predators common in this system, even though predation pressure is thought to place strong 
constraints on microhabitat in communities of plant-associated arthropods. The presence of competing species also did 
not affect the relative separation of microhabitat use. Behavioral responses to potential competitors did cause significant 
changes in microhabitat use in all of the smallest species, but these changes did not depend on competitor identity and 
were relatively small compared to among-species patterns of microhabitat partitioning. The consistency of species-specific 
microhabitat use, regardless of the presence of predators or competitors, should make coexistence most likely among species 
that differ in these choices. For these species, it appears that the benefits accrued from their selected microhabitats are not 
affected by species interactions, or that any benefits of alternative microhabitat use are outweighed by risks associated with 
movement.

Both community assembly and ecosystem function fre-
quently depend on mechanisms allowing apparently similar 
species to vary in their use of key resources (Chesson 2000, 
Cardinale et al. 2006). In seagrass ecosystems worldwide, 
a great diversity of animal species live within the habi-
tat provided by these vascular plants (Larkum et al. 2006, 
Orth et al. 2006) and are often thought to be equivalent 
in trophic position and feeding niche (Duffy 2006). These 
animals (mesograzers) increase seagrass production and sur-
vival by reducing their overgrowth by epiphytes (Jernakoff 
and Nielsen 1997, Duffy and Harvilicz 2001, McGlathery 
2001), facilitating the persistence of the entire seagrass eco-
system. Increased grazer diversity increases epiphyte removal, 
facilitates the growth of seagrass, and thus leads to enhanced 
seagrass ecosystem functioning (Duffy 2006). However, 
grazer diversity varies widely among natural seagrass beds 
(Duffy et al. 2015) and it remains unclear what factors allow 
the coexistence of multiple grazer species in nature.

Theory predicts that within a given habitat the coex-
istence of competing species should be at least partly 
controlled by their differential use of available resources 
(MacArthur and Levins 1964, 1967, Abrams 1983, 
Chesson 2000), of which microhabitat may be one of 
the most important (Schoener 1974). As overlap in 
microhabitat use increases the likelihood of competi-
tion between epifauna (Schoener 1983), distinct differ-
ences in microhabitat use could be an important way for 
mesograzer species to coexist. Previous work on arthropod 
epifauna from terrestrial (Mcevoy 1986, Hernàndez et al. 
2011, Wardhaugh et al. 2012) and aquatic systems (van 
Riel et al. 2007, Korpinen and Westerbom 2010, Cothran 
et al. 2013) shows that the partitioning of microhabitat 
use can reduce competition. If that competition for space 
among seagrass mesograzers has fitness consequences, 
having distinct microhabitat preferences could reduce 
costs and promote coexistence.
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Seagrass-associated epifauna are frequently exposed to 
high predation pressure (Duffy 2006), and “enemy-free 
space” (Berdegue et al. 1996) has been observed to be a 
principal determinant of grazer microhabitat use (Duffy and 
Hay 1991, Boström and Mattila 1999, Lasley-Rasher et al. 
2011). The value of a microhabitat as shelter from predation 
is often defined by plant morphology (Martin-Smith 1993, 
Kley et al. 2009), and grazer traits like size, shape and color 
that can determine successful microhabitat utilization. Fur-
thermore, shelter-building abilities such as the construction 
of silk tubes (Myers and Lowry 2003) enable some amphi-
pod species to modify plants to enhance their value as pro-
tection from predation (Sotka et al. 1999, Warfe et al. 2008, 
McDonald and Bingham 2010, Best and Stachowicz 2012). 
Microhabitats with high value as shelter often require a close 
matching with the grazer species’ morphological features 
(Hacker and Steneck 1990). Therefore, variability in grazer 
traits like size may translate to fixed differences in microhabi-
tat use among species (Korpinen and Westerbom 2010).

Alternatively, microhabitat partitioning may be deter-
mined not by fixed trait differences among species, but by 
context-dependent behavioral preferences. If many spe-
cies have similar morphological features, leading to similar 
microhabitat use and consequently strong interspecific com-
petition for space itself or food resources within that space 
(Cothran et al. 2013), then flexibility in microhabitat use 
could reduce competition and facilitate species coexistence. 
However, the benefit of such microhabitat shifts may come 
at the cost of increased predation susceptibility if the alter-
native microhabitat provides suboptimal protection from 
predators (Lasley-Rasher et al. 2011). Thus any investiga-
tion into the effect of microhabitat use on coexistence or 
ecosystem functioning must consider if species can make 
context-dependent decisions in the presence of predators or 
competitors that alter their microhabitat use and/or overall 
potential for microhabitat partitioning.

Although microhabitat partitioning is considered a 
potentially important stabilizing mechanism for coexistence 
in many terrestrial and aquatic systems, few data are available 
to assess the underlying mechanisms of partitioning and the 
extent to which microhabitat preferences are context depen-
dent. To test if seagrass mesograzers differ in their micro-
habitat use, and to investigate possible factors that influence 
microhabitat partitioning, we conducted a series of labora-
tory experiments using eight crustacean mesograzer species 
from a seagrass bed in northern California, USA. First we 
examined whether species show different microhabitat use, 
and whether those differences could be predicted from grazer 

traits. Then we tested whether microhabitat use was depen-
dent on the presence of predator cues, or the presence of a 
range of potential competitors varying in their niche similar-
ity. Overall, our series of experiments tests for microhabitat 
partitioning in seagrass mesograzers and whether differences 
among species are fixed, or if they are flexible based on spe-
cies interactions.

Material and methods

Study system

We determined the microhabitat use of eight crustacean 
mesograzer species (seven amphipods and one isopod spe-
cies (Table 1) from Bodega Harbor, California, USA 
(38°19′11.0″N, 123°04′29.4″W). These epifaunal mesograz-
ers are all found in habitats dominated by Zostera marina 
(hereafter: eelgrass) and macroalgae found within eelgrass 
beds (Ulva sp. hereafter: Ulva). The species we included in 
this study are commonly found in eelgrass meadows of the 
northwestern USA and western Canada, and include species 
with a range of sizes and differences in their ability to build 
tubes (Table 1).

We collected the species between July and September 
2013 from Bodega Harbor and transported them to the 
Bodega Marine Laboratory (BML), where all experiments of 
this study were conducted. We used only adult individuals in 
the experimental trials within 2–5 days after collection and 
only for a single trial. The large grazer species showed sub-
stantial size variation among adults, which was accounted for 
in the experiments by maintaining a similar size distribution 
for all experiments performed with those species. Prior to 
the experiments we maintained the grazers in monoculture 
together with loose seagrass shoots, which provided struc-
ture and food (epiphytic algae were growing on the shoots 
under flow-through conditions). All grazers were kept with 
identical water flow rates and with a 12:12 h light cycle.

Microhabitat assessment

We recorded species-specific microhabitat use in laboratory 
experiments using one half of a 38-l indoor glass aquarium 
(50 cm length  25 cm width  25 cm height). A fine mesh 
separated the two halves so that the effects of predator pres-
ence on microhabitat use could be assessed in later experi-
ments without actual predation. The sides of the aquarium 
were covered with black plastic sheets to reduce influence of 

Table 1. Grazer species from Bodega Harbor that were used in this study. Trait data from Best and Stachowicz (2013).

Species Order Family
Biomass (mean dry weight 

in mg/individual.  SE) Body size class Species can build tubes

Idotea resecata Isopoda Idoteidae 53.20  9.29 large no
Caprella californica Amphipoda Caprellidae 4.10  0.72 large no
Ampithoe lacertosa Amphipoda Amphitoidae 17.00  2.05 large yes
Ampithoe sectimanus Amphipoda Amphitoidae 5.50  0.45 large yes
Allorchestes angusta Amphipoda Dogielinotidae 1.17  0.09 small no
Pontogeneia rostrata Amphipoda Pontogeneiidae 1.32  0.27 small no
Aoroides columbiae Amphipoda Aoridae 1.48  0.26 small yes
Ischyrocerus anguipes Amphipoda Ischyroceridae 1.16  0.28 small yes
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movement in the room on animal behavior. In the predator 
compartment an air stone was installed for water-circulation 
and oxygen supply. All experiments were conducted with 
a 12:12 h light cycle at approximately 16°C; the number 
of replicates per species and experiment are summarized in 
Table 2.

We distinguished between the following microhabitats: 
upper and lower half of single eelgrass shoots (in the analy-
sis denoted as ‘Eelgrass canopy’ and ‘Eelgrass stem’), pieces 
of Ulva macroalgae (denoted as ‘Ulva’), and the rest of the 
aquarium (denoted as ‘water’). Individuals that left a habitat 
substrate when we removed it at the end of the experiment 
were also included in this category, although this was seldom 
the case. In general, we observed the individuals found in the 
water microhabitat to exhibit more constant movement and 
only brief interactions with any of the habitat structure.

For every aquarium we used four healthy eelgrass shoots 
without epiphytes that were collected in Bodega Harbor no 
more than two days prior to an experiment. We removed 
all organisms and standardized the shoots by cutting off the 
rhizome at the first node and trimming them to 70 cm total 
length. Coated steel wire wrapped around the lower end of 
the shoots and magnets attached to the other side of the 
aquarium bottom held the four shoots at the center of the 
microhabitat compartment. In a water depth of 25 cm, this 
created an upright ‘stem’ section in the lower 20 cm and a 
floating “canopy” section in the top 5 cm of the water col-
umn. Branching leaves created a larger volume in the canopy 
than below. We cleaned Ulva leaves of epiphytes, cut them 
to approx. 15  15 cm size, and added two pieces to each 
aquarium. The proportions of different microhabitats avail-
able were realistic based on their relative abundance in the 
field, and were the same across all experiments, allowing us 
to compare microhabitat uses among species given the habi-
tat normally available to them in the field.

To measure species-specific microhabitat use we placed 
12 individuals of a single grazer species in the habitat com-
partment (n  3 tanks for each species). After 24 h we disas-
sembled the setup: first we gently pulled the eelgrass shoots 
free from the magnets, and slowly moved them out of the 
aquarium onto a dry, white plastic surface. Immediately 
afterwards we removed the Ulva pieces in a similar fashion, 
and placed them in a separate plastic container. Pilot trials 
in which we tested this method showed that isopods and 
amphipods – both tube- and non-tube building – mostly 
remained attached to their respective microhabitat. To mini-
mize the potential for variation in handling affecting results, 
the same individual (MDL) conducted this procedure for 
all experiments. We then counted all individuals on the 
upper and lower half of the eelgrass shoots, on Ulva, and the 
remaining ones in the aquarium. We counted the number 

of living individuals recovered in each microhabitat type, 
and transformed these numbers to proportional abundances 
by dividing them by the total number of living individuals 
recovered from the tank. Death during the experiment was 
uncommon (usually zero, and fewer than one individual per 
replicate tank on average [0.3  0.05; mean and SE]); the 
number of individuals that could not be located at the end 
of a trial was also low (average per tank 0.89  0.11; mean 
and SE).

Predator presence

We assessed the effect of predators on microhabitat use in 
separate experiments, in which we added two predatory fish 
to the predator compartment (n  3 tanks for each species). 
We used one individual of each of the two most common 
crustacean predators in local eelgrass beds (Gamble et al. 
2013), rockfish Sebastes spp. and cabezon Scorpaenichthys 
marmoratus. We used juvenile fish with a body size of 6  1 
cm that were collected by beach seining from Bodega Har-
bor in the same locations as the grazers. While the simple 
presence of a predator is well known to alter prey behavior 
(Beermann and Boos 2015), we additionally induced poten-
tial risk cues by feeding the fish crushed pieces of a common 
amphipod species, Ampithoe lacertosa, one hour after the 
experiment started, as the presence of dead con- and het-
erospecific crustaceans can induce anti-predator responses 
(Wisenden et al. 1999). We only used A. lacertosa to feed 
the fish because this species is abundant and widespread in 
the field, and therefore can be considered a common prey in 
the present community. Furthermore this species was consis-
tently available in the field, which was not always the case for 
the other species; yet we wanted to induce equally dosed cues 
among species. We assessed species-specific microhabitat use 
in the presence of fish for six of the eight grazers as described 
above (Idotea resecata and Ampithoe sectimanus were only 
tested in predator free tanks due to insufficient abundances 
in the field at the time experiments were conducted).

Competitor presence

In a separate experiment, we tested whether the presence of 
competitors influenced grazer microhabitat use by pairing 
each species with potential competitors that varied in their 
potential overlap in microhabitat use and traits. We used a 
density of 12 individuals of each species in each tank and 
recorded their respective use of the four microhabitats as 
described above (regardless of whether these species were 
actually shown to compete, we will hereafter refer to a sec-
ond grazer species as a potential ‘competitor’ by convention). 
We selected 17 out of 28 possible pair-wise combinations 

Table 2. Overview of all experiments. Depending on field abundances, species were differently represented in polyculture trials.

Diversity Predators Density Species tested Replicate tanks

Monoculture no 12 8 3 per species
Monoculture yes 12 6 3 per species
Monoculture no 24 8 3 per species
Polyculture (2 species) no 12 per species 8 in 17 combinations * 3 per combination

*No. of polyculture combinations using each species: A. lacertosa  6, A. angusta  5, A. columbiae  5, C. californica  5, I. anguipes  5, 
I. resecata  4, A. sectimanus  2, P. rostrata  2.
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We approached this question with two different analyses: 
First, we used a LMM with microhabitat separation in 
polyculture (microhabitat separation between the two spe-
cies in a single polyculture tank) as the response variable, 
microhabitat separation in monoculture (separation between 
the average microhabitat use of each species assessed using 
separate monoculture tanks) as the fixed effect and spe-
cies combination as a random effect. Second, it is possible 
that even if the relative amount of microhabitat differentia-
tion does not change animals will still shift to use different 
microhabitats in the presence of a competitor. Thus, we 
determined whether multivariate microhabitat use was dif-
ferent for a species when in monoculture vs. in polyculture 
combinations. We tested this across all species using a single 
PERMANOVA model with main and interactive effects of 
grazer species and competitor presence (monoculture vs. 
polyculture). We then tested for species-specific microhabi-
tat shifts with two separate PERMANOVA models for each 
species; one model to test for an effect of competitor pres-
ence and one, within the polycultures only, to test an effect 
of competitor identity. All analyses were done with R ver. 
3.1 (< www.r-project.org >). We used the packages vegan 
(Oksanen et al. 2015) for PERMANOVA (using Bray–Cur-
tis distance matrices with 999 permutations in the adonis 
function) and MDS ordination, and lme4 (Bates et al. 2015) 
with lmerTest (Kuznetsova et al. 2015) for LMMs.

Data deposition

Data available from the Dryad Digital Repository: < http://
dx.doi.org/10.5061/dryad.8dk80 > (Lürig et al. 2015).

Results

Variation among species in microhabitat use

Microhabitat use varied substantially among species in the 
absence of predators and competitors (Fig. 1a). Individuals 
of Aoroides columbiae, Ampithoe lacertosa and Ampithoe sec-
timanus were most abundant on Ulva, Ischyrocerus anguipes 
and Idotea resecata were most abundant on eelgrass, and 
Allorchestes angusta, Caprella californica and Pontogeneia ros-
trata occurred most often in water (Fig. 1a). We observed that 
A. angusta and P. rostrata were mostly swimming freely in the 
water column, while individuals of C. californica were often 
on the bottom of the aquarium. This same pattern of distinct 
microhabitat use is evident in the MDS ordination plot, 
which shows overlap among some species within a micro-
habitat, as well as clear and significant separation among spe-
cies in different microhabitats (Fig. 2, PERMANOVA; grazer 
species effect, F7,16  15.172, p  0.001). We found no effect 
of grazer density (12 or 24 individuals per tank) on species-
specific microhabitat use in monoculture (PERMANOVA; 
grazer species  density, F7,32  1.456, p  0.151; density 
F  0.961, p  0.391).

We found no clear effect of either body size or tube 
building on the proportional abundance in any individual 
microhabitat (Fig. 3, Supplementary material Appendix 
1 Table A3), but a tendency for higher occurrence of tube 
building species on Ulva (LMM, tube building ability 

from among the eight study species to assess the effect of 
overlap in microhabitat use and other traits (body size and 
tube-building ability) on species specific microhabitat use 
(n  3 tanks per combination). Experiments with two spe-
cies had twice the overall animal density as monocultures, so 
we also tested for an effect of density on grazer microhabitat 
use by conducting additional experiments with 24 individu-
als of a single species in a tank (n  3 tanks per species in 
high density). 

Analysis

To test if seagrass mesograzers differ in their microhabitat 
use, and if that microhabitat use is affected by the presence 
of predators or competitors, we used both multivariate and 
univariate approaches. For the core analyses, we used a series 
of PERMANOVA (permutational analysis of variance) mod-
els (Anderson 2001). In each case, the response was a spe-
cies’ multivariate proportional abundances across the four 
microhabitats available in a tank. To visualize differences in 
and effects on microhabitat use, we used non-metric multi-
dimensional scaling (MDS) which also allowed us to extract 
distances between species (hereafter referred to as ‘microhabi-
tat separation’). We note that all MDS results and extracted 
microhabitat separation values come from a single MDS ordi-
nation using all data. Finally, to assess relationships between 
microhabitat use, species traits and responses to competition 
we used univariate general linear mixed models (LMM).  
Below we describe the specific models used for each question.

Microhabitat use in monocultures

To analyze if microhabitat use is different between species 
we used a PERMANOVA model with microhabitat use in 
low-density monocultures as response variable and grazer 
species as main effect. To capture the magnitude of these dif-
ferences between microhabitat use, we used the same data in 
an MDS analysis, and extracted pairwise Euclidean distances 
between the centroids (which represent average multivariate 
microhabitat use for each species). We then tested whether 
microhabitat use in monocultures was influenced by either 
the density of individuals or the presence of predators. To 
test if the density (12 or 24 individuals per tank) affected 
microhabitat use we used a PERMANOVA model with spe-
cies and density as main and interactive effects (using only 
the predator-free monocultures). To test if predator cues 
affected microhabitat use we used a PERMANOVA model 
species and predator presence as the main and interactive 
effects (using only the low-density monocultures).

To test whether species’ microhabitat use could be pre-
dicted by their traits (body size and tube building ability, 
Table 1), we used microhabitat-specific LMMs We used a 
separate model for each microhabitat with the proportional 
abundance in that microhabitat as the response variable, 
grazer body size and tube building ability as main effects, 
and species identity as a random effect.

Microhabitat use in polycultures

We assessed the effects of competitor presence on microhabi-
tat use by comparing the monocultures to the polycultures. 
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are made they refer to this pooled dataset, unless stated oth-
erwise.

Effect of competitors on microhabitat use

The relative separation of microhabitat use between species 
was consistent from mono- to polyculture: pairwise micro-
habitat use distances between species in monoculture clearly 
predicted distances between species within a polyculture tank 
(LMM: slope  0.78, p  0.0003, Fig. 4). This indicates that 
any shift of microhabitat use in response to a competitor 
was small and that overall microhabitat partitioning among 
species was mostly driven by fixed species differences. We 

effect, F1,5.036  4.105, p  0.098, random effect of species 
p  0.001) and lower occurrence of tube-builders in open 
water (LMM, tube building ability effect, F1,4.669  4.81, 
p  0.084; random effect of species p  0.002).

There was no effect of predator presence on overall 
microhabitat use (PERMANOVA; predator presence effect, 
F1,34  1.152, p  0.661) or species-specific microhabitat 
use (PERMANOVA; grazer species  predator presence, 
F5,24  30.279, p  0.321). Therefore we pooled monocul-
ture microhabitat use data from both predator and no-
predator monocultures to increase the number of available 
replicates from three to six for all following analyses. Here-
after, whenever references to monoculture microhabitat use 

(a) Predators absent (b) Predators present
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Figure 1. Species-specific microhabitat use for the studied species shown as proportional abundances of individuals that we found on each 
habitat after 24 h. (a) Proportional abundances from the experiments without fish in the predator compartment. (b) Proportional abun-
dances from the experiments with one rockfish and one cabezon in the predator compartment. Predator-treatment was not applied for  
A. sectimanus and I. resecata due to insufficient abundances in the field. Error bars are  1 SE.
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Figure 2. MDS-plot of microhabitat use of the studied species in monoculture with no predators. Pairwise centroid distances between 
species-specific microhabitat use are referred to denoted in the text as ‘microhabitat separation’. Shading and size indicate species-specific 
traits as defined in Fig. 3 and circles versus squares identify different species with the same trait values.
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use when competitors were added, whereas A. lacertosa and  
C. californica did not (see Fig. 5 for p-values). However, only 
I. resecata and C. californica were influenced by the identity 
of the competitor (see Fig. 5 for p-values, microhabitat use 
under the presence of different competitor species was dis-
tinct). For this analysis, we used the low density monocul-
ture in order to contrast the microhabitat choices a species 
might make if it colonizes a habitat that either is or is not 
already occupied by a second species, holding its own density 
constant. However, as previously reported, the number of 
grazers per tank did not affect patterns of microhabitat use 
in monoculture, so species-specific responses to competitors 
were the result of species interactions rather than increased 
total density.

Discussion

We found that seagrass mesograzer species have distinct 
microhabitat preferences that are largely unaffected by the 
presence of predators. Further, microhabitat separation is 
relatively consistent across the presence or absence of poten-
tial competitors. Although half of the species we examined 
did shift their microhabitat use in response to the presence 
of particular competitors, these shifts were small in mag-
nitude relative to the differences among species in their 
inherent patterns of microhabitat use. We found some asso-
ciation between these differences in microhabitat use and 
the ability of some grazers to build tubes on substrates, but 
this effect was difficult to separate from individual species 
effects. Below we compare our findings to other studies, and 
discuss the observed microhabitat partitioning in terms of 
its possible mechanisms and the implications it may have 
for species coexistence.

Microhabitat partitioning in plant–arthropod systems

Our findings show that while some species had shared 
preferences for the same microhabitat, overall microhabi-
tat use is clearly separated among eight species of seagrass 
mesograzers (Fig. 2). This type of organization is consistent 
with findings from several other types of arthropod com-
munities in both terrestrial and aquatic systems. Tropical 

performed this analysis using the microhabitat separation 
among high density monocultures in order to better com-
pare absolute as well as relative microhabitat separation 
achieved by the same number of individuals in the presence 
versus absence of a competitor. However, the same analysis 
using low density monocultures also produced similar results 
(LMM: slope  0.38, p  0.007).

Whereas overall relative microhabitat separation was 
not affected by the presence of competitors, some species 
did shift their microhabitat use in response to the presence 
of competitors. This is indicated by a significant interac-
tion of grazer species and competitor presence in our over-
all multivariate model (PERMANOVA: grazer species  
competitor presence F7,128  3.126, p  0.001, Fig. 5). 
Species-specific models that tested for an effect of competitor 
presence revealed that A. angusta, A. columbiae, I. anguipes 
and – to a lesser extent – I. resecata shifted microhabitat 
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Figure 3. Proportional abundances per habitat, ordered by categorical traits (body size class and tube building ability). Each panel shows 
proportional abundances from one microhabitat. Shading and size indicate species-specific traits and circles versus squares identify different 
species with the same trait values.
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Lowry 2003). However, the analysis of these types of features 
is limited by the small number of co-occurring species at 
this geographical scale. Even with general traits measurable 
for all species in the community, adequate tests for complex 
and interactive effects of multiple traits on microhabitat use 
would require a large number of species.

Effects of instantaneous versus sustained predation 
pressure

One of the reasons that microhabitat choice is thought to 
be important in plant–arthropod systems such as this one 
has to do with the need for ‘enemy-free-space’ (Duffy and 
Hay 1991, Berdegue et al. 1996). In particular, if predation 
susceptibility is determined by the match between grazer 
and plant morphology, using a microhabitat that poses a less 
optimal fit might result in increased exposure to predators 
(Duffy and Hay 1991, Boström and Mattila 1999, Lasley-
Rasher et al. 2011). Unpublished data shows that gammarid 
amphipods tethered in the field in Bodega Bay without 
access to preferred microhabitat are rapidly consumed 
(50–100% consumed within 24 h; J. Stachowicz unpubl.). 
This is consistent with data for other epifauna from similar 
systems, which can shift their microhabitat use in the pres-
ence of predators to a substrate with higher value as shelter 
(Zamzow et al. 2010, Beermann and Boos 2015), or suffer 
increased mortality from predation in the absence of their 
preferred host plant (Holmlund et al. 1990, Duffy and Hay 
1991, Moran et al. 2010, Lasley-Rasher et al. 2011). How-
ever, we found that the presence of two fish predators did not 
influence mesograzers in their microhabitat use even though 
the predators were very active and attempted to feed on the 
grazers behind the mesh barrier. In addition to the predators, 
we added crushed individuals of A. lacertosa, a single abun-
dant and widespread species as a realistic proxy for predation 
cues frequently released in this system. However, although it 
might be disadvantageous for a species to ignore cues com-
ing from predation on heterospecifics in multi-species com-
munities with constant predator presence, it is still possible 
that some species might have responses to predator cues that 
are more complex, and depend on the specific identity of 
the individuals being eaten (Schoeppner and Relyea 2009). 
Our results suggests that microhabitat choice of mesograz-
ers might not be a direct response to predator presence, but 
instead represent an evolved consequence of consistently 
high predation risk in seagrass ecosystems (Duffy and Hay 
1991), because the cost of waiting to seek shelter until a 
predator has been detected may be too great.

Effects of competitor presence and identity

Theory predicts that species with overlap in microhabitat 
use or other dimensions of their niche are more likely to 
compete with each other (Schoener 1983). To reduce the 
potentially negative effects of competition, some species of 
freshwater amphipods are able to change their microhabi-
tat use in the presence of a stronger competitor (van Riel 
et al. 2007, Cothran et al. 2013). However, this strategy 
requires that alternative microhabitats are available and not 
already occupied by additional species. In seagrass beds, 
where an abundant and much more diverse assemblage of 

beetles, for example, are separated into discrete assemblages 
between different microhabitats (field surveys: Bhargav et al. 
2009, Wardhaugh et al. 2012), as are plant hoppers and 
spittlebugs that occupy different parts of shared host plants 
(Mcevoy 1986, Hernàndez et al. 2011). Field surveys have 
also found evidence for size-mediated microhabitat parti-
tioning in marine amphipods (Korpinen and Westerbom 
2010). In most of these studies, observed spatial segregation 
in the field was assumed to reduce competition between eco-
logically similar animals. Such fine-scale microhabitat parti-
tioning may be particularly important for arthropod species 
that coexist on plants (Beermann and Boos 2015), where the 
available habitat space is limited by plant size and architec-
tural complexity (Warfe et al. 2008, Kovalenko et al. 2011).

To better understand habitat partitioning as a mechanism 
for coexistence in arthropod–plant communities, comple-
mentary observational and experimental approaches are 
needed. In the present experimental study we found clear 
and consistent differences in microhabitat use across eight 
species, which account for over 60% of the mesograzers 
common in our system. Further, field observations of these 
species have shown community structure that is consistent 
with a mixture of environmental filtering and niche parti-
tioning (Best and Stachowicz 2014).

Predicting microhabitat use from trait data

If the maximization of individual fitness depends on the 
match between an individual’s morphological traits and 
physical features of the microhabitat, then we should expect 
a strong correlation between the two. Limb size of beetle 
larvae that matches soil types (Satoh and Hori 2005) or 
differential thermoregulative capabilities of butterflies 
(Kleckova et al. 2014) are examples of traits that can predict 
microhabitat partitioning. In crustacean mesograzers body 
size can be closely matched to plant morphology and micro-
habitat space (Holmlund et al. 1990, Sotka et al. 1999), and 
can determine microhabitat partitioning in communities of 
gammarid amphipods in rocky subtidal shores (Korpinen 
and Westerbom 2010). Additionally, the ability to build and 
hide in tubes that reduce the risk of predation can constrain 
microhabitat use by amphipods, as not all substrates may be 
suitable for tube-construction (Hacker and Steneck 1990, 
McDonald and Bingham 2010). We thus focused on body 
size and the ability to build tubes because they seem to be 
particularly important for microhabitat use in these types of 
mesograzers and because they are easily and unambiguously 
assessed across a range of taxa.

Across all species, microhabitat partitioning was not pre-
dicted by the ability of grazers to build tubes or their body 
size. We only detected weak associations of tube building 
grazers with Ulva and non-tube building grazers with water. 
These results indicate that, for the species we used, tube 
building ability may more clearly indicate some dimensions 
of microhabitat use than body size, which did not predict 
abundances in any microhabitat. Poor predictability of 
microhabitat use from traits may stem partly from interac-
tive effects of body size and tube building ability with other 
traits such as body shape or specialization of body segments 
such as well-developed pereopods, which allow caprellid 
amphipods to cling to substrates in unique ways (Myers and 
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resources, traits, or scales of differentiation not yet quanti-
fied. In contrast, A. lacertosa and A. angusta, also very dif-
ferent in size, are almost always found together in high 
abundance in areas dominated by Ulva macroalgae (Best 
and Stachowicz 2014) but do appear to be using different 
fine scale microhabitats, with A. lacertosa building tubes in 
Ulva and A. angusta remaining mobile in the water column 
(Fig. 5).

Much recent research on community assembly mecha-
nisms has moved from analyzing patterns of species co-
occurrence to analyzing the distribution of functional 
diversity within versus among communities, in order to 
develop more mechanistic evidence for the coexistence 
of some species and exclusion of others. In this study, we 
focused on investigating the links between multiple kinds 
of trait diversity that might be important in community 
assembly processes: morphological traits, microhabitat use, 
and behavioral responses to interactions with predators and 
competitors. While our ability to detect links between mor-
phology and microhabitat use were limited, our finding that 
distinct patterns of microhabitat use were robust to a wide 
range of species interactions has important implications 
for the analysis of community structure. These results sug-
gest that individual laboratory assays of even complex traits 
such as microhabitat use can indeed be used to character-
ize expected trait overlap in field communities, regardless of 
their composition. While further research on multivariate 
links between functional traits and coexistence via micro-
habitat partitioning is clearly needed, this finding helps to 
validate the combination of experimental lab assays with 
field surveys as a powerful way to search for mechanisms 
relevant to observed patterns of coexistence.
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