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ABSTRACT 
 

Phycomenes zostericola is an abundant seagrass species and an 
ecologically important part of the seagrass fauna. Although incredibly 
abundant and seemingly ubiquitous throughout northeastern Australian 
seagrass beds, almost nothing is known about the ecology of Phycomenes 
zostericola. A series of field based ecological experiments were conducted 
between 2006 and 2008 in a southeast Queensland Zostera capricorni bed. 
This chapter provides an important foundation of biological and ecological 
knowledge for this species, which will guide future hypotheses on habitat 
use and ecological connectivity among populations of caridean seagrass 
species.  
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THE IMPORTANCE OF SEAGRASS AND ITS CRUSTACEAN 
INHABITANTS 

 
Seagrasses are ephemeral habitats, patchy by nature (Hemminga and Duarte 

2000), and are becoming increasingly fragmented due to anthropogenic changes 
(Cressy 2009; van Katwijk et al. 2010), which are predicted to increase with 
future climate change (Short and Neckles 1999). The ongoing and increasing 
fragmentation of seagrass makes it essential that we understand the processes of 
movement and connectivity of fauna relying on this habitat.  

Small crustaceans are ubiquitous and often incredibly abundant in most 
seagrass habitats. Many crustacean species are excellent dispersers (as larvae) 
or able to travel great distances (as adults). Over small scales (1–10 m) small 
crustaceans have been observed to move between seagrass patches over short 
time scales (a day) (Darcy and Eggleston 2005; Howard 1985). Over larger 
scales (> 10 m, between-patch movements) most published data of animals 
moving in seagrass is on fish (Cocheret de la Morinière et al. 2003) and larger 
crustaceans such as penaeid prawns (Vance et al. 1996) or crabs (Hines et al. 
1995). Very little is known of the movement of small caridean shrimps (Pittman 
and McAlpine 2001).  

 
 

The Seagrass Shrimp Phycomenes Zostericola 
 
Phycomenes zostericola is a caridean shrimp belonging to the family 

Pontoniinae. Caridea consists of around 351 genera and 2,818 described species 
of little hump-backed decapod shrimp (Bauer 2004). Carideans occupy a range 
of habitats from freshwater streams to open marine seagrass and reef habitats 
(Bauer 2004), but P. zostericola is found predominantly in seagrass (Bruce 
2008).  

Phycomenes zostericola is a novel genus and species, previously identified 
in Australian waters as Periclimenes indicus (Kemp, 1915; Fig. 1). The recorded 
distribution of P. indicus is from east India to the western Pacific (Singapore, 
Malaysia, Sulawesi, Indonesia and the Philippines, Holthuis 1952) and also 
Australia. A recent taxonomic revision (Bruce 2008) found all Australian type 
specimens of P. indicus to be a new genus and species: P. zostericola. P. 
zostericola have been caught from a variety of shallow marine environments 
(among several seagrasses species) across northern Western Australia, Northern 
Territory, Queensland and New South Wales (Bruce 2008, Haig et al. 2012). 
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Recent genetic studies have revealed two deeply divergent genetic lineages of 
Phycomenes zostericola, indicating a sister species living sympatrically in 
northern populations off the coast of Queensland and Papua New Guinea (Haig 
et al. 2013).  

 

 

Figure 1. Taxonomically important features of the Australian Phycomenes zostericola, 
redrawn from Bruce (2008). 

A, Epigastric spine removed from first dorsal rostral tooth; B, Posterior 
rostral tooth over orbital margin; C, 5-7 dorsal rostral teeth; D, 1-2 small ventral 
rostral teeth; with rostrum reaching from distal margin of intermediate segment 
of antennular peduncle to distinctly exceeding peduncle; E, First pereiopod with 
chelae small, reaching to approximately distal margin of scaphocerite; F, 
Second pereiopod with chelae subequal, very small, slightly larger than first 
pereiopods G, Ambulatory propods spinose;. H, Hepatic spine well anterior to 
level of epigastric spine; I, Fourth and fifth pleura rounded. 

For the majority of carideans, larvae hatch as swimming, feeding zoeae, 
with the number of anamorphic larval instars ranging from five to nine, taking 
between three weeks to several months to develop (Bauer 2004). Phycomenes 
zostericola belongs to the sub-family Pontoniinae, family Palaemonidae. Many 
palaemonids have around eight instars in the larval series (Calado et al. 2003; 
dos Santos et al. 2004; Nagai and Shokita 2003), and laboratory experiments 
suggest that they persist around twenty-three days to the post-larval stage. The 
larval duration permits ample opportunity for dispersal yet P. zostericola 
displays distinct genetic structuring at a regional scale (Haig et al. 2010); this 
suggests either some larval retention or limited adult movement. This chapter 
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will explore the potential for adult movement and habitat use by Phycomenes 
zostericola in a seagrass environment. 

 
 

Some General Observations of Phycomenes Zostericola 
 
Year round observations of P. zostericola suggest that they reproduce for 

most of the year, with a peak in the number of ovigerous females observed over 
summer months (November to February). Ovigerous females of P. zostericola 
were noticeably larger than their male and non-ovigerous counterparts. 
Ovigerous females carried distinctly green egg masses against their abdomen 
(Figure 2D) and were observed to periodically “fan” the eggs with their 
pleopods; probably to flush oxygenated water over them (Bauer 2004).  

 

 

Figure 2. Phycomenes zostericola specimens from Zostera capricorni seagrass beds at 
the mouth of Loders Creek estuary, southeast Queensland. Photographed live under a 
dissecting microscope, May 2007. 
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P. zostericola in laboratory aquaria were most commonly observed perched 
on blades of seagrass (Figure 2C).  

They appeared transparent to the naked eye (Figure 2A) but on closer 
inspection (using a microscope) were covered with fine red chromatosomes 
(Figure 2E), which markedly dispersed upon death (Figure 2F); indicating that 
there is a degree of control over colouration for P. zostericola. 

Gut contents analysis of Phycomenes zostericola (collected at different 
times of the tidal and diurnal cycle); were found to not eat seagrass, but rather 
grazed on diatoms, as well as consuming other small crustaceans (mainly 
amphipods) that live on and in the seagrass. P. zostericola adults held in aquaria 
grazed on seagrass blades and the sandy mud substrate, but also were effective 
predators, swimming in the water column and using their chelated pereiopods 
to catch live crustaceans (Figure 2B). 

A, whole live specimen; B, first two pereiopods of similar size (an 
identifying feature of the species); C, multiple live specimens perched on a 
Zostera capricorni seagrass blade; D, underside of an ovigerous female; E, 
distinct colour patterning and dotted red chromatosomes; F, dispersing 
chromatosomes upon death of the specimen.  

 
 

Abundance and Movement of Adults 
 
A series of field-based experiments are presented here, each testing 

hypotheses based on the daily abundance, movement and occupation of seagrass 
habitats. All experiments were conducted in Zostera capricorni (also known as 
Zostera muelleri) beds at the mouth of Loders Creek, in southern Moreton Bay, 
southeast Queensland (Figure 3). The tidal range here is 1.5 metres, with only 
weak tidal flows across the study site (< 0.1 m.sec-1). 

 
 

Determining Abundance and Distribution in a Seagrass Bed 
 
Most studies report caridean shrimp in greater abundances within seagrass 

compared to bare habitat (sand or mud) (Schaffmeister et al. 2006). This pattern 
has also been observed for fish species (Ferrell and Bell 1991; Gray et al. 1998). 
Initial observations suggested that Phycomenes zostericola was closely 
associated with seagrass, and this was tested in the first experiment by 
measuring P. zostericola densities inside seagrass patches and outside patches, 
on un-vegetated sand. An edge effect is thought to exist in seagrass habitats 
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(Smith et al. 2008) whereby, animal densities differ at the edge of the patch 
(immediately inside or outside the edge) compared to inside or outside of the 
seagrass patch. To determine if an edge effect was present, shrimp density was 
sampled at different distances from the edge to determine any such pattern for 
P. zostericola. 

 

 

Figure 3. Map of Queensland, Australia with a zoom out, aerial photograph of southern 
Moreton Bay (©Googlearth) showing Loders Creek and its proximity to the Southport 
Seaway.  

 
METHODS AND ANALYSIS 

 
A 50 cm wide push net (1 mm mesh) was used on a 2 m long handle to 

sample at 6 positions along a transect running perpendicular to the patch edge: 
2, 1 and 0 metres into seagrass patches, and 2, 1 and 0 m onto sand adjacent to 
seagrass.  

Shrimp were sampled at low tide over several days in December 2006, 
sampling each of the 6 positions at 20 randomly selected sites at the edge of 
large seagrass patches, during both the day and night (6 positions x 20 patches 
x 2 times of day = 240 samples in total). Differences in shrimp densities were 
tested using a 3-factor ANOVA using two fixed factors: Time (day/night) and 
Position (6 different positions) and one random factor: Patch (20 patches). 
Where a factor was significant, SNK tests were used to examine differences 
among treatment means.  
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Results 
 
P. zostericola were found to be almost totally restricted to seagrass habitat 

(Figure 4). There were weak interactions between Position and the factors Patch 
and Time (both p ≤ 0.05), but there was no consistent difference between day 
and night, and in general variability among patches was less than the extremely 
strong Position effect (p ≤ 0.001). Within seagrass, there were no significant 
differences between any of the 3 positions within seagrass (i.e. no edge effect). 
Densities over sand were all very nearly zero, except that slightly more shrimp 
were caught over sand immediately alongside seagrass (the first 0 – 0.5 m of 
sand), but only during the day.  

 

 

Figure 4. Densities of P. zostericola (mean, SE) at 6 positions. Three positions inside 
seagrass and three over sand adjacent to seagrass, during the day and night (n = 20 
replicates at both time at all positions). 

Daily Movement among Seagrass Patches 
Artificial seagrass units were deployed at varying distances away from a 

large natural Zostera capricorni seagrass bed to measure the daily movement of 
shrimp over bare sand (presumably increasing the risk of predation) to move 
into new seagrass habitats. The aim of this study was to gain a better 
understanding of the extent and frequency of adult migrations between seagrass 
habitats. It was hypothesised that greater movement would occur into closer 
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seagrass units with shrimp abundance decreasing with increasing distance from 
the large, natural Zostera bed. 

 
 

Methods 
 

Seagrass Construction 
Artificial seagrass units (ASU) were constructed from green tarpaulin 

material to mimic colour, height and mean density of Zostera capricorni 
measured from the field: leaf blades 3–5mm wide and 37cm long, seagrass 
density of 288 blades.m2. ASUs were 0.5 m2, with a total leaf surface area of 
6.5 m2. ASUs were acclimated in situ for two months to allow the natural growth 
of epiphytes (Figure 5). 

 

 

Figure 5. Artificial seagrass units deployed amongst natural Zostera capricorni beds at 
Loders Creek mouth, Broadwater. A, Arrow indicating ASU surrounded by natural 
Zostera capricorni, after week four acclimation; B, Newly deployed ASUs adjacent to 
natural Z. capricorni beds; C, arrows indicate both a newly deployed ASU adjacent to 
a four-week-old ASU; D, close up acclimated and new ASUs. 

Experimental Design 
Acclimated artificial seagrass units (ASUs) were lifted from the water to 

remove fauna and then placed at distances of 10, 20, 30, 40 & 50 m (n = 5 at 
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each distance and at least 10m from each other) away from natural seagrass. 
Care was taken to place all ASUs at similar water depths and to make sure that 
no other structured habitat was present between natural and experimental 
seagrass beds and that the nearest vegetated habitat was the natural seagrass bed. 
Each ASU was sampled using a hand net on five randomly selected days and 
numbers of Phycomenes zostericola documented. Results were analysed by 2-
way analysis of variance (ANOVA). 

 
 

Results 
 
After twenty-four hours, on all days, shrimp moved at least 50 m across 

bare sand and into the experimental patch (Figure 6). Only the experimental 
seagrass patches at 10 metres were found to contain significantly more shrimp 
than other distances (P ≤ 0.001). No significant interaction between day and 
distance was found. 

 

 

Figure 6. Number of Phycomenes zostericola (mean, SE) from five artificial seagrass 
units (ASU) sampled on five days. Sampling days numbered from the first day ASUs 
were deployed.  

Shrimp Density at Different Depths and Seagrass Densities 
Phycomenes zostericola abundance from different habitat zones was 

measured at different water depths. The aim of this experiment was to determine 
the effects of water depth, tidal zone and seagrass density on abundance. It was 
hypothesised that subtidal seagrass would have greater abundance of shrimp 
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during periods of both shallow and deep water due to the fact that it does not 
become completely emergent at any stage of the tide and therefore shrimp would 
not be forced to leave the patch at any time of the tide.  

 
 

METHODS 
 

Experimental Design 
 
Phycomenes zostericola were sampled from 2 m2 areas (n = 6) using a hand-

held sweep-net (1 mm mesh). On three randomly chosen days, P. zostericola 
were sampled during both shallow (20cm) and deep (1 m) water depths, in both 
the intertidal and subtidal zones of a single large Zostera capricorni seagrass 
bed (Figure 7). Due to the nature of the tides at the site, each combination of 
shallow/deep–intertidal and shallow/deep–subtidal were sampled at different 
times within a single day. Significant changes in P. zostericola abundance were 
tested against site, depth and day log+1 data using a three-way ANOVA. 

 

 

Figure 7. Experimental diagram showing Zostera capricorni sampling zones (intertidal 
and subtidal) and different water heights sampled in the field. This design was repeated 
on 3 separate days. 
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Results 
 
The density of Phycomenes zostericola differed among treatments, with a 

significant interaction (p = 0.03) between depth and zone (intertidal/subtidal, 
Figure 8). There was also a slightly significant interaction between day and 
zone, but the overwhelming influence was the depth – zone interaction. Shrimp 
densities were highest subtidally, at both deep and shallow water depths. 
Intertidally, when water was shallow, shrimp density was extremely low, and 
when water was deep, shrimp density was intermediate (significant SNK tests, 
p < 0.05). 

 

 

Figure 8. Phycomenes zostericola abundance (mean ± standard error) in intertidal and 
subtidal zones of a large seagrass bed during shallow (20 cm) and deep (>1 m) water 
depths, on three days.  

Although shrimp were more abundant in subtidal than intertidal seagrass, 
the seagrass appeared denser sub-tidally. Greater shrimp abundance sub-tidally 
was hypothesised to be correlated with the amount of seagrass cover (and thus 
protective habitat and food). To test this, seagrass biomass was measured in the 
intertidal and subtidal zones to determine if biomass was greater in the subtidal 
areas. 

Complete seagrass shoots were sampled in 0.5 m2 plots from the intertidal 
zone (n = 10) and subtidal zone (n = 10) of the same large Zostera capricorni 
bed used earlier. Total number of shoots was counted from each plot. Number 
of leaves per shoot was estimated from a sub-sample of ten shoots per plot. Leaf 
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length and width were estimated from a sub-sample of three shoots per plot. 
Total biomass was calculated from the above parameters using a regression 
analysis based on previous Zostera capricorni biomass studies from the same 
seagrass bed (unpublished data, Rod Connolly). Formula: Y = 0.0011*X + 
0.1728 (X = mean leaf length*number of shoots*mean number of leaves per 
shoot). 

 
 

Results 
 
Seagrass biomass was greater in the subtidal than intertidal zone (Figure 

2.10). The pattern observed for seagrass biomass was similar to the pattern of 
Phycomenes zostericola abundance.  

 

 

Figure 2.10. Seagrass biomass estimates (mean ± standard error) sampled from 
intertidal and subtidal habitat zones of a single large Zostera capricorni bed. 

Shrimp densities were recalculated as mean values standardised by seagrass 
density (Figure 2.11). This showed that in subtidal areas, and in intertidal areas 
at high tide (deeper water), shrimp densities are similar, and predictable once 
standardised by seagrass density. Standardised shrimp densities differed only at 
low tide in the intertidal zone. The lower densities there imply that some shrimp, 
about half, move out of the shallow seagrass with the ebbing tide.  
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Figure 2.11. Phycomenes zostericola per unit available biomass of seagrass within 
each zone, for each water depth. n.b. no standard error available when comparing 
means. 

 
Discussion 

 
Adult Phycomenes zostericola were observed to be one of the most 

numerically abundant species in the Zostera capricorni beds. Their abundance 
was greater in areas of dense seagrass, and they were rarely found in the 
surrounding sand or rubble environments. The close association of P. 
zostericola to seagrass presumably involves a number of benefits for this small 
crustacean. Firstly, for P. zostericola individuals, proximity to mates is the key 
to reproductive success. Every two weeks throughout the breeding season P. 
zostericola females have a small window in time to fertilize their eggs. Caridean 
shrimp rely on chemical cues (Bauer 2004), which quickly diffuse in aqueous 
environments and so the closer a mate is, and the more of them, the better. 
Visually the egg masses are a similar green to the seagrass; which may allow 
them some crypsis whilst females are gravid. Secondly, shrimp are a preferred 
prey for many fish species. Seagrass density is positively correlated with 
caridean abundance (Mellors and Marsh 1993; Unsworth et al. 2007) and 
negatively correlated with predator success (Heck and Thoman 1981; Leber 
1985). It is apparent that the high densities of seagrass provides suitable habitat 
for P. zostericola. 
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Although Phycomenes zostericola has not been directly identified as a prey 
species, their abundance throughout the year suggests that they would provide 
a reliable and valuable food source for fish and large crustacean predators 
hunting in and around seagrass habitats (Haywood et al. 1995; Nagelkerken et 
al. 2000; Perkins-Visser et al. 1996). P. zostericola play a dual role as both prey 
and predator in seagrass, as preliminary gut contents and laboratory 
observations suggest they not only graze upon diatoms, but also are successful 
predators of peracarids (isopods, amphipods and copepods). Other studies on 
the grass shrimp Palaemon elegans found that they played a significant role in 
trophic cascades, influencing the health and persistence of eelgrass beds in 
Baltic waters (Persson et al. 2008). As the most abundant caridean in 
Queensland seagrass meadows, P. zostericola is also likely to contribute 
significantly to food web dynamics.  

If seagrass provides a high level of protection and mate choice, then why 
leave? Adult P. zostericola migrate over 10 to 50 metres of open sand to inhabit 
new seagrass patches every day. Caridean shrimp are thought to have finely 
tuned chemical senses (Bauer 2004) and may detect adjacent seagrass habitats. 
Seagrass species from Mauritian seagrass beds remain within deep seagrass 
filled ponds within the intertidal zones at low tide and to move between them 
on higher tides (Schaffmeister et al. 2006). As no deep ponds existed at the study 
site for shrimp to move into on a low tide they could only have moved into 
adjacent or near-by habitats. The adults of P. zostericola clearly move between 
seagrass patches regularly. The question is, do these daily movements 
accumulate and add up to greater distances? For example, do they travel several 
kilometres or more a week, or show homing tendencies and remain near 
residential beds? This is an interesting question for future research. 

P. zostericola is broadly distributed throughout shallow seagrass beds in 
north and eastern Australia. It is capable of broad scale connectivity yet genetic 
analyses show that P. zostericola are regionally structured and populations show 
a pattern of isolation by distance (Haig et al. 2010). The genetic structure is 
indicative of a species that displays either some larval retention, and/or limited 
adult movements over broad spatial scales. P. zostericola is an abundant, 
ecologically valuable contributor to seagrass food webs. As seagrass habitats 
become increasingly fragmented we are likely to see a decrease in ecological 
and genetic connectivity among seagrass populations. Such habitat loss may 
result in decreased diversity and ecological functioning. Understanding the 
ecological patterns of these high–density seagrass users will allow us to better 
understand ecological changes as they happen. 
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