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Abstract 

 

Polynesoecetes kekeae (Myers 1975) is a gastropod shell-inhabiting amphipod that lives with a 

micro-hermit crab (Pagurixus sp.) and shell-inhabiting tanaid on backreefs of Moorea, French 

Polynesia. Field samples revealed that all three crustaceans occupied the same species of 

prosobranch shells and there was an overlap in shell size utilization between P. kekeae and 

Pagurixus sp. and between P. kekeae juveniles and tanaids. Empty shells were rarely observed, 

and P. kekeae inhabited damaged shells more frequently than Pagurixus sp. A shell selection 

experiment indicated that P. kekeae also inhabit smaller shells than preferred. Behavioral 

experiments found that a Pagurixus sp. hermit crab without a shell was capable of forcefully 

evicting P. kekeae from its shell. It is suggested that shells are a limiting resource and 

exploitative competition likely occurs among P. kekeae, Pagurixus sp. and tanaids.  There is 

evidence that interference competition may also occur between the amphipod and hermit crab. 

This shell-inhabiting crustacean assemblage is an interesting example of convergent evolution of 

adaptations specific to inhabiting gastropod shells and is the first documentation of hermit crabs 

competing with non-hermit crabs for shells. 

 

1. Introduction 

On the back reefs of Moorea, French Polynesia, a gastropod shell-inhabiting amphipod, 

Polynesoecetes kekeae (Ischyroceridae), lives in algal mats with a micro-hermit crab, Pagurixus 

sp., as well as a shell-inhabiting tanaid. There are about 24 known species of shell-inhabiting 

amphipods out of approximately 8,000-12,000 total amphipod species (Table 1, Brusca and 

Brusca 2003). The utilization of gastropod shells among these distantly related taxa is a unique 

convergent evolution of both behavioral and physical adaptations, and this is the first observation 

of a crustacean assemblage that includes hermit crabs and any other shell-inhabiting taxon. There 

are numerous examples of prosobranch shells as a limiting resource in hermit crab populations 

(Abrams 1980, Barnes 2000, Bertness 1981, Childress 1972, Kellog 1976 1977, Fotheringham 

1976, Vance 1972a 1972b). It is possible that shells are a limiting resource in shell-inhabiting 

amphipod populations as well. It has been observed that an amphipod, Siphonoecetes sabatieri, 

will exchange a self-constructed tube for a suitably sized prosobranch shell or polychaete tube 

when given the choice (Gauthier 1941 as described by Just 1988), indicating that domiciles may 

not be commonly available in the natural habitat. When resources are limiting, population 

growth may suffer, and competition can arise from the shortage of a shared resource (Moles 

1999). Interspecific and intraspecific hermit crab competition for shells have been frequently 

observed (Abrams 1980, Barnes et al 2000, Bertness 1981, Briffa and Elwood 2001, Bulinski 

2007, Gherardi and Nardone 1997, Turra and Denadai 2004, Vance1972a). The two types of 

competition resulting from a limiting resource are termed direct interference competition and 

exploitative competition. Direct interference competition involves an aggressive physical 

interaction between individuals (Moles 1999). In addition to interference competition, hermit 

crabs may simply compete for shells, a strategy where one species is able to acquire shells more 

rapidly than the other, therefore reducing resource availability (Abrams 1980; Turra 2004). If 

shells are also a limiting resource in amphipod populations, it follows that either direct or 

exploitative competition, or both, are likely to occur. 

The advantages an amphipod or tanaid stands to gain from inhabiting a portable domicile 

are likely similar to those of hermit crabs (Order Decapoda, superfamily Paguroidea). The 
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abdomen of a hermit crab lacks a hardened exoskeleton, making it vulnerable, and the physical 

barrier a shell provides from predation would also benefit amphipods and tanaids (Reese 1969 

Vance 1972). The shell protects the eggs of ovigerous hermit crab females, which are attached to 

the pleopods and carried inside the shell (Rodrigues 2000). Amphipod and tanaid females carry 

their eggs in a ventral brood pouch that is also protected when occupying a shell. Some shells are 

preferable to others. The ability of the hermit crab to fully retreat into an adequately sized shell 

provides protection from predators and may even reduce predation attempts (Vance 1972). Shells 

that are too small can also reduce fitness by limiting hermit crab clutch size (Fortheringham 

1976). 

Polynesoecetes (Myers 1975) is a siphonoecetin amphipod known only from Moorea, 

French Polynesia. Polynesoecetes kekeae (Myers 1975) is the only species in the genus, and was 

described from the male holotype. There has been no further research on this species following 

its discovery on Padina-covered rocks in a lagoon on Moorea. Although domicile inhabiting 

amphipods are described in the literature along with some observations on the natural history, 

observations on their ecology and behavior are less common (Table 1, Carter 1982, Falck 1989, 

Just 2009, Sotka et al 1998).  

 

The siphonoecetin clade (Siphonoecetini, Ischyroceridae, Corophiidea) is a group of 

marine benthic amphipods that live in domiciles, either self-constructed or made from foreign 

objects (Just 1983, 1988, Myers and Lowry 2003). Siphonoecetins are globally distributed and 

occur in a variety of habitats, from sandy to muddy bottoms and on coarse coral rubble (Just 

1988). The self-constructed domiciles consist of sand or mud tubes, often combined with coarse 

grained material (Just 1988). Corophiideans possess glands in the base of pereopods 3-4 which 

produce amphipod “silk” used for tube building (Myers and Lowry 2003). Domiciles made from 

suitable foreign objects include shells of prosobranch, scaphopod, or bivalve mollusks and other 

structures such as calcareous polychaete tubes, decapod claws, and plant material (Barnard and 

Thomas 1984, Carter 1982, Falck 1989, Harada 1971, Just 1983, 1988, Sotka et al 1999). 

Foreign objects, other than plant material, are the most common types of domiciles utilized (Just 

1988). A self-constructed tube is attached to the opening of the domicile, often the aperture of a 

prosobranch shell (Just 1988). A single population may use one or many different types of 

domiciles (Just 1988). Some species have been observed to inhabit domicile complexes 

consisting of objects such as shells cemented to particulate matter. In these species, females 

along with juveniles or males have been observed to inhabit a single complex (Just 1988). Most 

siphonoecetin amphipods move across the substrate using their second antennae to crawl and 

pull their domicile with them, but some also move backwards in a jumping motion (Falck 1989, 

Just 1988). A complete list of known portable domicile-inhabiting amphipod species and their 

domiciles are given in Table 1.  

P. kekeae, Pagurixus sp. and the shell-inhabiting tanaid are found inhabiting the 

interstitial space of Galaxaura rugosa, an angularly branching alga native to the Cook Islands.  

From casual observations it was seen that the hermit crab and tanaid occupied the same species 

of prosobranch shells as P. kekeae and that there was a large overlap in shell size utilization by 

the hermit crab and the amphipod. Thus, there seemed to be high potential for shell limitation 

and competition. The tanaids were much less abundant, and their shell size utilization seemed to 

overlap only with the juvenile amphipods. Hermit crabs have never before been observed to 

compete with non-hermit crabs for shells. It is the purpose of this study to understand the 
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ecology of this novel community, to determine whether shells are a limiting resource, and to try 

to understand whether competition occurs between P. kekeae and Paguixus sp.  micro-hermit 

crabs. 

2. Materials and Methods 

 

Natural history observations 

 
2.1. Study Area 

 

Samples were collected from the Gump back reef located on the western perimeter of the 

mouth of Cook’s Bay adjacent to the Richard B. Gump South Pacific Research Station, Moorea, 

French Polynesia (17° 29' 18" S, 149° 49' 29" W). Each algal mat was obtained from a crevice 

on a different partially living coral head at a depth of 1-2 m. Preliminary sampling from various 

habitat types indicated the highest density of P. kekeae was likely to occur in this habitat. The 

substrate surrounding the coral heads consisted of coral rubble and biogenic sand. A moderate 

current caused by the wave action across the reef was observed. 

 

2.2. Sample collection  

 
Samples were collected on 12 December 2009. Eight algal mats were collected to 

estimate the density of hermit crabs, amphipods, parasitic isopods, tanaids, copepods and 

gastropods. No animals were observed on the exterior of the mats. The mats were gently 

removed and placed directly into Ziploc baggies held adjacent to the coral head. Six of the 8 

algal patches were Galaxaura rugosa (Gr 1, Gr 2, Gr 3, Gr 4, Gr 5, Gr 6). One algal patch 

consisted of both Dictyota bartayresiana and Halimeda sp. (DbHs) and one patch consisted of 

nearly all Halimeda sp. with a couple of Dictyota bartayresiana fragments (Hs).  

 

2.3 General laboratory methods for natural history observations 

 

Once in the laboratory, the total volume of the algal mat including interstitial space was 

calculated using a ruler to measure the length width and height of each mat. The algal mats were 

then pulled apart and shaken vigorously in a tray of seawater diluted containing 2% formalin in 

seawater to remove the animals. Each mat was closely inspected to ensure that all animals had 

been removed. The animals were then strained through a fine mesh metal colander to remove the 

excess liquid and preserved in 2% formalin. The discarded liquid was closely inspected to ensure 

no animals were present. A complete census of all specimens was taken for Gr 1, 2, 3, 5 and Hs. 

Subsamples were taken from the Gr 4 and 6 and the DbHs samples to estimate total abundance 

of specimens. The shells were classified into 5 categories according to occupant.  

 

2.4. P. kekeae observations 

 

Specimens were placed in a Petri dish under a dissecting microscope at 10 x 

magnification. First the type, length and condition of the shell were noted. Shells were measured 

using an ocular micrometer. The shells were then broken by placing a large screw with a flat 

bottom directly on top of the shell and tapping it gently with a small hammer. The shell 
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fragments were gently picked away using fine forceps. Sex, clutch size, presence of other 

organisms such as commensal copepods, and copepod eggs and nauplii were noted for all 

amphipods along with any unusual observations. A subsample of specimens was then placed in a 

Petri dish under a dissecting microscope at 25x. Circular coverslips were gently placed over the 

specimen to flatten it in the horizontal plane. Images were captured using a 3.3 megapixel MPX 

camera calibrated using a 1mm calibration slide. The polyline function in Rincon image analysis 

software was used to measure the length of the specimen. Two measurements were made on the 

P. kekeae specimens. The first measurement was from the point directly above the eye to the end 

of the 7
th

 thoracic segment (head and thorax) and a second measurement of total body length was 

also made for a smaller subsample. SEM specimens were dehydrated through an ethanol series, 

and dried in a Tousimis Samdri critical point dryer. Specimens were mounted on aluminum stubs 

and sputter coated with gold/palladium in a Hummer sputter coater. Specimens were viewed with 

a Hitachi S-4800 Field Emission Scanning Electron Microscope at an accelerating voltage of 10 

kV. 

2.5. Pagurixus sp. observations 

 

The hermit crabs were collected and measured using the same methods described above. 

It was not possible to differentiate between young male and female hermit crabs. The two 

measurements made for a subsample of the hermit crabs were the length or the cephalothoracic 

shield and total body length of the hermit crab. 

 

2.6. Tanaid observations 

 

Clutch size, presence of commensal copepods, and copepod eggs and nauplii were noted 

for all tanaids along with any unusual observations.  

 

2.7. Gastropods and empty shell observations 

 

Shell type, length and condition were noted for shells inhabited by gastropods as well as 

empty shells. 

 

2.8. Shell condition evaluation: what is the condition of shells occupied by Pagurixus sp., P. 

kekeae and tanaids in their natural environment? 

 

Shells were scored on a scale of 1-5, with a score of 1 indicating the shell was complete and 

there were no signs of damage. Commonly observed flaws were a broken apex, a broken 

aperture, or a hole. Each of these categories was assigned 1 point. Two points were given when 

there were multiple or large holes, the entire body whorl was missing, or the spire was broken. 

Each flaw observed on a given shell added points. Shells with only one flaw such as a broken 

aperture or a hole were given a rating of 2. Additional points were added for each flaw until a 

maximum rating of 5, which indicated a much damaged shell (Table 2). 

 

Behavioral experiments 

 
2.9. Sample collection 
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Live P. kekeae and hermit crabs were collected along the mouth of Cook’s Bay, Moorea, 

French Polynesia from 1-12 December 2009. Algal mats were removed and shaken into a net 

while still submerged underwater. The contents of the net were then gently emptied into a 5 

gallon bucket of seawater and returned to the Gump Research Station. The animals were kept in 

flowing seawater tanks with fragments of G. rugosa and Halimeda sp. Empty gastropod shells 

were collected from just above tide line along the beach at Gump Cape for use in the shell 

selection experiment and thus did not have any inhabitants prior to the experiment. The shells, 

which were inspected for sand particles lodged in the aperture, were then soaked until they filled 

with seawater. Cerithiid, dialid and other shell types were collected to reflect those available in 

the natural habitat.  

 

 

2.10. Shell Selection Experiment 1: what is the response of P. kekeae when removed from its 

shell and given sand and a selection of domiciles? 

 

In a preliminary shell selection experiment, several P. kekeae individuals were removed 

from their shells by gently pulling off the base of the sediment tube while the amphipod was 

extended out of the shell. The amphipods were inspected to assure all the appendages were intact 

and movement appeared normal. The amphipods were put into a Petri dish containing a layer of 

sand. A variety of shell sizes and types were added to the dish. The behavior of the amphipods 

was observed and the final shell choice was noted. 

 

2.11. Shell selection Experiment 2: will P. kekeae or Pagurixus sp. switch to a new shell when 

given the opportunity? What size and species of shells are preferred? 

 

In the second shell selection experiment, one P. kekeae individual still in its original shell 

(the type and condition of which was noted) was put into a Petri dish containing a layer of sand 

and various shells. The amphipods were left in the Petri dish for two days and inspected 

periodically. The original shell, any intermediate shells and the final shell with the amphipod 

were all preserved in 2% formalin for later analysis. Ten replicates of the experiment were 

conducted each using a different individual. The experiment was then conducted five times using 

five different hermit crabs. 

 

2.12. Direct Interference Competition Experiment 1: if a Pagurixus sp. individual is without a 

shell, can it forcefully evict P. kekeae and use the amphipod’s shell?  

 

While viewed through a dissecting microscope, the hermit crabs were removed from their 

shells by first gripping the shell using forceps and then breaking off the apex of the shell using 

fine tip scissors. The broken apex was carefully chipped away using fine forceps. Finally, the 

posterior of the crab was gently touched until the crab voluntarily emerged from the shell. The 

crab was carefully inspected to assure all of its appendages were intact. An amphipod still 

inhabiting its shell was then placed into the same dish. The amphipod was given a final 

inspection to assure all appendages were intact. The dish was then placed under a dissecting 

microscope with a Sony camcorder attached to the ocular. The experiment was allowed to run as 

long as 48 hours. Twenty replicates were conducted. 
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2.13. Direct Interference Competition Experiment 2: do Pagurixus sp. individuals with a 

damaged shell attempt to forcefully evict P. kekeae from an intact shell? 

 

A hermit crab with a damaged shell was put into a Petri dish with an amphipod that had 

an intact shell of approximately the same size. The hermit crab shell was damaged by cutting off 

the apex of the shell and picking away at the edge of the aperture while the hermit retreated. The 

animals were left in the Petri dish for 24 hours. Five replicates were conducted. 

 

2.14. Direct Interference Competition Experiment 3: can a P. kekeae individual without a shell 

obtain one by evicting a Pagurixus sp. individual from its shell? 

 

 An amphipod without a shell was placed into a Petri dish with a hermit crab occupying a 

similarly sized shell and observed. Three replicates were conducted. 

 

2.15. Gastropod Scavenging Experiment: can Pagurixus sp. obtain a shell by removing the body 

of a dead prosobranch from its shell? 

 

Gastropods were frozen and then allowed to thaw. One dead prosobranch and one hermit 

crab without a shell were put into a Petri dish. The experiment was left for 24 hours. Four 

replicates were conducted without removing the operculum prior to freezing the prosobranch.  

Three replicates were then repeated after removing the operculum form the snail before it was 

frozen 

 

 

3. Results 

 

3.1. Natural history observations on animal density in algal mats. 

 

In total, 2,332 gastropod shells were collected from the 8 algal patch samples. Of those, 

1,430 were individually observed under the dissecting microscope. The abundance of P. kekeae 

varied among samples ranging from 0.005- 0.995 cm
-3

 (Table 3, Fig. 1). The mean abundance of 

P. kekeae was 0.423 cm
-3 

(sd = 0.395 cm
-3

). The abundance of Pagurixus sp. showed less 

variation among samples and ranged from 0.074- 0.290 cm
-3

 with a mean of 0.183 cm
-3 

(sd = 

0.071 cm
-3

).  Tanaids were much less abundant than either P. kekeae or Pagurixus sp. Tanaid 

abundance ranged from 0.000-0.119 cm
-3 

with a mean of 0.024 cm
-3

 (sd = 0.040 cm
-3

)
 
(Table 3, 

Fig. 1). The abundance of empty shells was low for 7 of the samples and ranged from 0.002-

0.111 cm
-3

 and a greater abundance was observed in the DbHs sample (0.494 cm
-3

).  DbHs also 

had the greatest abundance of amphipods and tanaids (Table 3).  

 

3.2. Natural history observations of P. kekeae.  

 

The total body length of P. kekeae individuals ranged from 0.766-2.971 mm. Several 

physical adaptations to inhabiting gastropod shells were apparent in the microscope and SEM 

images. The relatively large second antennae were used by P. kekeae to pull the shell and move 

about the aquarium (Figs. 2-4). The amphipod body was twisted so as to better fit into the 
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gastropod shell (Fig. 3). Modifications, consisting of large recurved spines, for gripping the 

interior of the shell were observed on coxae 3 to pereopod 5 (Figs. 4-6).  
 Of the 433 individuals examined, adult females were more than twice as abundant as 

males (210: 96), and accounted for 48.5 % of the total population. In addition, 127 individuals 

were scored as juveniles. Two thirds (65.7%) of the adult females were ovigerous. Clutch size 

ranged from 1-6 eggs (mean, 3.30) per female (figs 7-8). As many as 3 juvenile P. kekeae were 

seen inhabiting the shell with the mother. 

Shells from the gastropods families Cerithiidae and Dialidae were occupied most 

frequently by P. kekeae (Fig. 9). Other types of shells were seen much less frequently. Out of 

473 P. kekeae, 46.9% occupied dialid shells, 45.9% occupied cerithiid shells, and 7.2% occupied 

other types of shells. The length of the dialid shells utilized by P. kekeae ranged from 0.8- 3.1 

mm (mean, 1.86 mm) (Fig 10). The head and thorax length of P. kekeae was correlated with 

dialid shell length (r
2
=0.629, p< 0.000, Fig. 11). Cerithiid shells utilized were slightly longer 

than dialid shells. P. kekeae used cerithiid shells ranging from 1.0- 3.8 mm (mean, 2.38) (Fig 

12). The head and thorax length of P. kekeae was less correlated to cerithiid shell length 

(r
2
=0.465, p< 0.000, Fig. 13) than to dialid shell length. P. kekeae occupied shells in good 

condition with no visible damage 32.7% of the time (n=465, Figs 14-15). The mean shell score 

for P. kekeae for all shell types combined was 2.33 (Fig 14). The mean shell score was higher for 

cerithiid shells (2.8, n= 215) than for dialid shells (1.9, n= 221, Fig 15, Table 4). 

An unexpected result was the presence of a commensal copepod in the majority of P. kekeae 

shells. Between 1 and 3 copepods were frequently observed posterior to the amphipod in the 

spire of the shell, regardless of whether the apex was intact or holes were present (Figs. 16-17). 

The presence of commensal copepods was found more frequently in the shells of adult 

amphipods (67.9%, Fig. 16) than in the shells of juvenile amphipods (18.45%, Fig. 17). The 

copepods were occasionally ovigerous and carried only two eggs. Copepod nauplii were also 

sometimes observed in the shell. 

 

 

3.3. Natural history observations of Pagurixus sp. 

 

The total body length of Pagurixus sp. ranged from 2.29-5.77 mm. The percent of hermit 

crabs that were ovigerous was 27.9%. Clutch size ranged from 1-17 eggs (mean, 7.20) (Figs 18-

19). Pagurixus sp most frequently occupied cerithiid shells, although dialid and other types were 

also common (Fig 9). Out of 407 Pagurixus sp, 32.1% occupied dialid shells, 51.1% occupied 

cerithiid shells, and 25.8% occupied other types of shells. The length of the dialid shells utilized 

by Pagurixus sp was longer than those utilized by P. kekeae and ranged from 1.9- 3.8 mm 

(mean, 2.61) (Fig. 10). The cephalothoracic shield length of Pagurixus sp was only loosely 

correlated to dialid shell length (r
2
= 0.274, p< 0.015, Fig. 20). The length of cerithiid shells 

utilized was longer than dialid shells. Pagurixus sp used cerithiid shells ranging from 2.1- 5.3 

mm (mean, 3.51) (Fig. 21). The cephalothoracic shield length was not correlated to cerithiid shell 

length (r
2
= 0.022, p=0.309, Fig. 13). Pagurixus sp occupied shells in good condition more 

frequently than amphipods. About half (49.6%) of all Pagurixus sp shells were in good condition 

with no visible damage in contrast to 32.7% for amphipods. The mean shell score for Pagurixus 

sp. was 1.7 (n=343, Fig. 14). Pagurixus sp. in dialid shells had a mean shell score 1.4 (n= 87) 

and Pagurixus sp. in cerithiid shells had a mean shell score of 1.9 (n= 175, Fig 15). Copepods 

were only rarely observed cohabitating with hermit crabs; a total of 9 instances (2%). 
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3.4. Natural history observations of tanaids 

 

Only 32 tanaids were observed. Four females were ovigerous and their clutch sizes were 

5,10,15 and 20. The tanaids observed utilized only dialid and cerithiid shells (43.8%, 56.2% 

respectively). Dialid shell length utilization ranged between 1.0-2.0 mm with a mean length of 

1.57 mm (n=12, Fig. 10). Cerithiid shell length utilization ranged between 1.0-3.1 mm with a 

mean shell length of 1.64 mm and a median of 1.6 mm (n=16, Fig. 12). Tanaids occupied shells 

in good condition with no visible damage 43.8% of the time (n=32,). The mean shell condition 

score for all shells was 2.03. Tanaids in dialid shells had a mean score of 1.9 (n= 14) and tanaids 

in cerithiid shells had mean score of 2.1 (n= 18).  No copepods were observed inhabiting shells 

with tanaids. 

 

3.5. Overlapping shell use among P. kekeae, Pagurixus sp. and tanaids. 

 

There was an overlap in shell length utilization of both dialid and cerithiid gastropod 

shells between P. kekeae and Pagurixus sp. and between P. kekeae and tanaids (Figs. 10, 12, 22-

26). P. kekeae and Pagurixus sp. both utilized dialid shells from about 1.7-3.2 mm in length; 

however the overlap of frequently utilized shells occurred from 2.0-2.6 mm (Figs. 10, 22-23). 

There was also an overlap in dialid shell utilization between P. kekeae and tanaids from about 

0.8-2.3 mm (Figs. 10, 24). P. kekeae and Pagurixus sp. both utilized cerithiid shells from about 

2-4 mm in length; however the shells from 2.8-4 mm were utilized more frequently than those at 

the tail ends of the distribution (Figs. 12, 25). The overlap in cerithiid shell length utilization 

between P. kekeae and tanaids occurred from about 0.9-3.3 mm although a majority of the 

overlap occurred less than 2.2 mm (Figs. 12, 26). 

  

 
3.6. Shell selection experiments. 

 
In Shell Selection Experiment 1, the amphipods would usually first build a tube, 

surrounding their body with sand grains, and then set out to search for a shell. On locating an 

empty shell the amphipods would switch to the shell and proceed to build a tubular extension to 

the aperture. In Shell Selection Experiment 2, all seven amphipods switched shells at least once 

and built a new tube on the new shell. In six of the seven trials the final shell choice was larger 

than the original shell (Table 5). There was a significant correlation between the original shell 

length and the amphipod body length (Fig. 27, r
2
=0.643, P=0.03). In two of the replicates the 

amphipod switched shells twice. One of the amphipods that switched twice chose a second shell 

that was smaller than either the original shell or the intermediate shell. There was no significant 

correlation between the amphipod body length and the final shell length (Fig 28, r
2
=0.396, 

P=0.13). Removing the replicate in which the amphipod chose twice, ultimately switching to a 

smaller shell, did not result in a significant correlation (Fig 29, r
2
=0.632, P=0.059). In 4 of the 7 

trials one or more commensal copepods switched shells with the amphipod. There were 5 

replicates conducted with hermit crabs. Two of the 5 hermit crabs switched shells.  
 

3.7. Direct Interference Competition Experiment 1. 
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The hermit crab was able to evict the amphipod from its gastropod shell in 13 of the 20 

replicates conducted (Table 6). In the experiments where the hermit crab was not able to evict 

the amphipod, one hermit crab was in the process of molting, and another hermit crab was found 

to be parasitized by an isopod which had laid eggs in the abdomen of the hermit crab. The time it 

took for eviction ranged from 15 minutes to more than 12 hours. There were several hermit crab 

behaviors that were consistently observed during the eviction process. The hermit crabs always 

began by removing the sediment tube from the aperture of the shell with their claws. It appeared 

as if the hermit crabs may have been eating the amphipod silk that cemented the particulate 

matter to the tube. Once the tube was dismantled, the hermit crabs would probe the aperture of 

the shell with their claw. At this point the hermit crabs would either enter head first or back into 

the shell. If the hermit crab entered head first into the shell, only the end of the abdomen was 

usually visible protruding from the aperture. The shell would shake and roll while the amphipod 

and hermit crab were head to head inside the shell. The hermit crab would then withdraw from 

the shell and then insert its abdomen into the shell, even though the amphipod was still in the 

shell, posterior to the hermit crab. Often the hermit crabs would pump the abdomen up and down 

in the shell. After several seconds, the hermit crabs would withdraw from the shell, turn around, 

and begin probing the aperture with its claws again. The alternation of entering headfirst and 

backing into the shell was usually repeated multiple times. In one of the replicates the shell was 

semi translucent and some of the behavior occurring inside the shell was observable. In this 

replicate, the amphipod could be seen approaching the aperture trying to push the crab out of the 

shell. The hermit crab was then able to grasp the base of amphipod’s second antenna with its 

claw and pull the amphipod from the shell. In all the evictions that were directly observed this 

was the method of removal utilized by the hermit crab. The amphipod was never observed to 

voluntarily leave the shell. The amphipods were often observed to be missing second antennae, 

following the shell competition experiments.  

In the competition replicates that did not result in an eviction there was no significant 

correlation between amphipod length and shell length (Fig. 30, r
2
= 63.5% slope = 1.45, P=0.06). 

In the replicates that resulted in a successful eviction there was no correlation between amphipod 

length and shell length (Fig. 31, r
2
= 0.020, slope=0.25, P=0.65). In the competition replicates 

that did not result in an eviction there was no correlation between amphipod length and hermit 

crab length (Fig. 32, r
2
= 0.045, slope= 0.5, P=0.69). In the replicates that resulted in a successful 

eviction a there was a slight correlation between amphipod length and hermit crab length (Fig. 

33, r
2
= 0.266, slope=1.03, p=0.07). 

 

3.8. Direct Interference Competition Experiment 2. 

 

 None of the hermit crabs occupying a damaged shell were successful in evicting an 

amphipod from a shell of about the same size. However, in 3 of the 5 replicates the amphipod 

was observed to have lost one of its second antennae by the end of the experiment. 

 

3.9. Direct Interference Competition Experiment 3. 

 

The shell-less amphipods were observed to crawl on the shell of the hermit crab and 

occasionally probe the aperture with their second antennae. When probed the hermit crab 
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retreated into its shell. It was apparent the amphipod had no means by which to evict the hermit 

crab. 

 

3.10. Gastropod Scavenging Experiment. 

 

In the 4 replicates in which the operculum of the prosobranch was not removed prior to the 

experiment, none of the hermit crabs were able to remove the operculum. In the three replicates 

conducted with the operculum removed prior to the experiment, all crabs were able to remove all 

or most of the snail and occupy the shell. 

 

 

4. Discussion 

 

This research presents an interesting example of convergent evolution of both behavioral 

and physical adaptations of distantly related taxa. Amphipods, hermit crabs and tanaids have no 

common ancestor that utilizes a portable domicile. Despite being divergent at the level of 

superorder, both P. kekeae (Figs 2-6) and Pagurixus sp. have acquired morphological 

adaptations specific to inhabiting gastropod shells such as body twisting and modified 

appendages for gripping the interior of the shell. Shell inhabiting tanaids show examples of 

convergent evolution with hermit crabs, such as an elongated first pereopod, body twisting, and 

size dimorphism in the chelipeds (Bamber 2009). Although the behavioral mechanisms for initial 

shell acquisition are unknown, both the hermit crabs and amphipods must have some behavior 

that leads them to seek out a shell at an early stage in their life cycle. Pagurixus sp. have evolved 

additional behaviors that enable them to evict an amphipod and procure its shell, and the 

amphipods have defensive behaviors that sometimes enable them to retain their shell (Table 6). 

The evidence presented in this study suggests that the adaptations evolved to utilize a common 

resource have led to competition between P. kekeae and Pagurixus sp. The results of the field 

observations and the behavioral studies both support this claim.  

Numerous studies have provided several lines of evidence that indicate gastropod shells 

are a limiting resource in hermit crab populations (Abrams 1980; Barnes 2000, Bertness 1981, 

Childress 1972, Kellog 1976 1977, Fotheringham 1976, Vance 1972a 1972b). An early 

observation supporting the idea of shell limitation was provided by Richard Vance, who saw 

hermit crab population growth after the addition of empty shells to an intertidal reef, while the 

population size of the control went unchanged. Other observations supporting the idea of shells 

as a limiting resource include the rarity of empty shells in hermit crab habitats (Vance 1972b), 

the shells utilized are often not of preferable size or condition (Childress 1972; Vance 1972a) 

and the evolution of specialized behaviors necessary for acquiring shells (Vance 1972b). 

The data in this study suggests that shells are a limiting resource in the P. kekeae and 

Pagurixus sp. community. First, empty shells are nearly absent in the natural habitat, an 

observation paralleled in the above studies of other hermit crab communities (Table 3). Second, 

neither P. kekeae nor Pagurixus sp. have the ability to procure a shell from a live gastropod, an 

observation that is also consistent with other species of hermit crabs (Laidre 2011). The third line 

of evidence comes from the results of the shell selection experiment (Table 5). When given the 

opportunity to choose a different shell, all of the amphipods switched, despite the energetic cost 

of building a tube on the aperture of the new shell. All the amphipods chose cerithiid shells even 

though dialid shells were more frequently occupied in the field samples. Additionally, in 6 out of 
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the 7 replicates, the amphipod chose a shell a shell larger than the original. If shell preference 

was based on an optimal ratio of amphipod length to shell length, the correlation between the 

two would be expected to be stronger for the chosen shells. However, the correlation between 

shell length and amphipod length was slightly stronger for the original shells than for the shells 

selected in the experiment (Figs 27-29).  

One explanation for the shell selection behavior observed is that larger shells than seem 

necessary for optimum protection and fecundity may be preferred when competition is high 

(Childress 1972). All animals but one chose shells larger than the original (Table 5). The large 

shell size may provide protective advantage that outweighs the energetic cost of carrying a larger 

shell. Vance (1972) found that a larger shell size conferred a selective advantage against 

predation. However it has also been suggested that shells that are too large are a disadvantage, 

thus implying the existence of an optimal shell size (Reese 1962). John Childress built on the 

premise that an optimum shell weight to body weight ratio (optimum weight index) confers 

maximum fitness to hermit crabs. After observing that hermit crabs utilized shells larger than the 

optimum weight index, he termed this strategy the “optimal ratios strategy”. Childress suggested 

that this behavior evolved in response to severe competition for shells because the opportunities 

to acquire larger shells were limited. In this study, only 2 of the 5 hermit crabs chose to switch to 

a new shell. This may indicate that a greater percentage of the Pagurixus sp. population already 

occupy preferable shells. 

A second explanation for the observed shell selection behavior of P. kekeae is that shell 

condition was the motivation for the selection of new shells, as most of the chosen shells were in 

better condition in addition to being larger (Table 5). Hermit crab preference for shells in good 

condition has been demonstrated (McClintock 1985). This leads to the fourth line of evidence 

that shells are a limiting resource. A majority of the shells occupied in the P. kekeae, Pagurixus 

sp. and tanaid populations were found to be in damaged condition, which implies preferable 

shells are in short supply (Figs 14-15, Table 4). The observation that P. kekeae always selected a 

new shell when given the choice indicates the presence of shell limitation, whether the 

motivation for choosing a new shell is better condition, larger size or likely both. 

Given the strong evidence that shells are a limiting resource, and the overlap in the shell 

lengths that are utilized by P. kekeae, Pagurixus sp. and tanaids (Figs 9-10, 12, 22-26), it follows 

that some form of competition must exist. It is suggested that both exploitative and direct 

interference competition may be occurring in the P. kekeae, Pagurixus sp. and tanaid 

community. There is a large overlap in the shell size utilization between P. kekeae and Pagurixus 

sp. for both of the shell types most frequently utilized (Figs 9-10, 12, 23,25). The results of the 

behavioral experiments suggest that direct interference competition occurs between P. kekeae 

and Pagurixus sp. (Table 6). It is possible that exploitative competition occurs as well. 

Amphipods and hermit crabs both have chemosensory structures which are used to detect food. 

Hermit crabs can also use chemosensory structures to detect the newly available shells of dead 

gastropods (Turra and Denadai 2004). Those species that reach the shells have a higher 

exploitative ability (Turra and Denadai 2004). There is also an overlap in shell size utilization 

between P. kekeae juveniles and tanaids for the two most frequently utilized shell types (Figs 10, 

12, 24, 26). This study was not designed to evaluate competition between P. kekeae juveniles 

and tanaids. It seems unlikely that direct interference competition occurs. In a dissertation 

addressing behavior of shell inhabiting tanaids, none of the aggressive behaviors typical of 

hermit crabs were observed, and none of the tanaids were ever observed to extract one another 
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(Messing 1979). However there is potential for exploitative competition between juvenile 

amphipods and tanaids. 

The shell fighting behavior observed in the laboratory experiments provides strong 

evidence supporting the idea that P. kekeae and Pagurixus sp. are directly competing for shells in 

nature (Table 6). Pagurixus sp. have evolved aggressive fighting behaviors that provide a 

competitive advantage giving them the ability to evict P. kekeae from a gastropod shell (Table 

6). The hermit crabs have a physical advantage in that they are able to grip the amphipod with 

their claw and pull the amphipod from its shell, whereas the amphipod has no appendages with 

which to grasp a hermit crab. The competitive advantage demonstrated by hermit crabs may also 

be reflected in the lower frequency of damaged shells observed in the Pagurixus sp. population 

relative to the P. kekeae population (Figs 14-15, Table 4). Damaged shells were utilized more 

frequently by P. kekeae than Pagurixus sp. and the most damaged shells utilized by P. kekeae 

were more damaged than the most damaged shells utilized by Pagurixus sp. (Figs 14-15, Table 

4). The competitive advantage of Pagurixus sp. may also explain why P. kekeae occupy dialid 

shells more frequently then cerithiid shells even though cerithiid shells were preferred in the 

shell selection experiments. in P. kekeae has the advantage that they are able to build a 

temporary domicile while searching for a gastropod shell. When no shell is immediately 

available, a naked P. kekeae will build a tube of particulate matter before searching for a shell. 

Although this is not the preferred domicile (Table 5), it provides some level of protection. A 

hermit crab without a shell is completely vulnerable, making shell acquisition a top priority. 

However, a hermit crab with a sub-optimal shell has less incentive to attempt an amphipod 

eviction. The hermit crab must weigh the disadvantages associated with the sub-optimal shell 

with the energetic cost of the attempted eviction; which is likely why evictions were not seen in 

the experiment where Pagurixus sp. occupied damaged shells. 

Competition pressure is likely to have effects on P. kekeae and Pagurixus sp. 

populations. The limited availability of the larger shells that are frequently utilized by the 

Pagurixus sp. may affect the P. kekeae population in different ways. Mature adults may not be 

able to obtain shells that would provide a maximum level of protection. In addition P. kekeae 

fecundity could be reduced from sub-optimum shell size as has been observed in hermit crab 

populations (Fotheringham 1976, Mantelloto et al 2002, Wilber 1989). Also P. kekeae and 

hermit crabs have very different reproductive strategies. P. kekeae have direct-developing 

juveniles that crawl out of the adult shell. After hatching from the egg, hermit crabs have two 

pelagic larval stages; zoea and megalopa (Ruppert et al 2004). The limited availability of smaller 

shells frequently utilized by P. kekeae may affect Pagurixus sp. early survival. If shells are not 

available for Pagurixus sp. when the megalopa larvae settle and transform to the adult 

morphology, the level of predation may be high.  

Although there is a large area of overlap in shell size utilization between hermit crabs and 

P. kekeae, and between P. kekeae and tanaids, the distributions are offset which shows niche 

differentiation. It may be that some level of resource partitioning is responsible for the species 

coexistence despite a shared resource. In addition to the differences in shell size utilization there 

may also be some partitioning of habitat, especially by the tanaids given that their abundance 

was observed to be low at the sample location. 

This is the only known example of shell inhabiting amphipods and micro hermit crabs 

coexisting; and the shell inhabiting tanaids discovered during this investigation make this a truly 

novel community. Moreover, this is a remarkable example of convergent evolution of both 

behavioral physical adaptations in distantly related taxa. The overlapping niches among these 
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crustaceans, combined with resource limitation, have led to competition. There is strong 

evidence for direct interference competition between P. kekeae and hermit crabs, and 

exploitative competition is also likely. Exploitative competition is also possible between P. 

kekeae and tanaids, although direct competition doesn’t seem likely. Competition between P. 

kekeae and hermit crabs probably impacts both populations; however resource partitioning may 

be preventing competitive exclusion.  
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Fig 1. Abundance of P. kekeae, Pagurixus sp. and tanaids among the 8 samples. P. kekeae 

(mean= 0.423 cm
-3
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), Pagurixus sp. (mean= 0.183 cm
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-3

), tanaids 
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). 
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Fig 2. Polynesoecetes kekeae. Live adult female in dialid gastropod shell using 2
nd

 antennae for 

crawling. The amphipod is attempting to turn the shell over in a glass Petri dish. Sediment tube 

with particulate matter is present on shell aperture. 

 

Torsion of adult male

 

Fig 3. Polynesoecetes kekeae. SEM image showing twisting of adult male. 
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Large second antennae

Pereopod 5

Coxa 3 and 4

 

Fig 4. Polynesoecetes kekeae. SEM image of adult female showing adaptations for inhabiting a 

gastropod shell. 

 

 

Fig. 5. Polynesoecetes kekeae. SEM image showing adaptations on coxae 3 and 4 for gripping 

interior of gastropod shell. 
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Fig 6. Polynesoecetes kekeae. SEM image showing gripping modifications on coxa 3. 

 

Fig. 7. Polynesoecetes kekeae. Female with clutch size of 4, 2 eggs can be seen sill in brood 

chamber. Second antennae are absent. 
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Fig. 8. Polynesoecetes kekeae. Clutch size percent distribution for pooled samples (n=138).  
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Fig. 9. Shell types utilized by P. kekeae (n= 433), Pagurixus sp. (n=406) and tanaids (n= 32). 

Percent within shell type. 
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Fig. 10. The length of dialid shells utilized by P. kekeae (n= 203), Pagurixus sp. (n= 78) and 

tanaids (n= 12). 
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Fig. 11. Linear regression between dialid shell length and P. kekeae head and thorax length 

(n=87, r
2
=0.629, p< 0.000). 
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Fig. 12. The length of cerithiid shells utilized by P. kekeae (n=188), Pagurixus sp. (n=159) and 

tanaids (n= 16). 
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Fig. 13. Linear regression between cerithiid shell length and P. kekeae head thorax length (n=86 

r
2
=0.456, p< 0.000). 
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Fig 14. Frequency (%) of shell condition score, P. kekeae (mean= 2.4, n= 465), Pagurixus sp. 

(mean= 1.70, n= 343) and tanaids (mean= 2.0, n= 32). Percent within animal. 
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Fig 15. Frequency (%) of shell condition score by shell type. P. kekeae in dialid shells had a 

mean score of 1.9 (n= 221) and in cerithiid had mean score of 2.8 (n= 215). Pagurixus sp. in 

dialid shells had a mean shell score 1.4 (n= 87) and in cerithiid shells had a mean shell score of 

1.9 (n= 175). Tanaids in dialid shells had a mean score of 1.9 (n= 14) and in cerithiid shells had 

mean score of 2.1 (n= 18). Percent within animal. 
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Fig. 16. Polynoecetes kekeae. Frequency (%) of adult P. kekeae shells with copepods (n= 299). 
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Fig. 17. Polynoecetes kekeae. Frequency (%) of Juvenile P. kekeae shells with copepods (n= 

103). 

 

 

Fig. 18. A preserved ovigerous Pagurixus sp. removed from shell. 
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Fig. 19. Frequency (%) of Pagurixus sp. clutch size (n=68).  
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Fig. 20. Linear regression between dialid shell length and Pagurixus sp. cephalothoracic shield 

length (n=21, r
2
= 0.274, p< 0.015). 
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Fig. 21. Linear regression between cerithiid shell length and Pagurixus sp. cephalothoracic 

shield length (n= 50, r
2
= 0.022, p= 0.309). 

 

 

 

 

 

Fig 22. Pagurixus sp., P. kekeae, and 2 tanaids all utilizing dialid gastropod shells. 
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Fig. 23. Frequency (%) of dialid shell length utilization between P. kekeae (n= 203) and 

Pagurixus sp. (n= 78). 
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Fig. 24. Frequency (%) of dialid shell length utilization between P. kekeae (n= 203) and tanaids 

(n=12). 
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Fig. 25. Frequency (%) of cerithiid shell use between P. kekeae (n= 188) and Pagurixus sp. (n= 

159). 
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Fig. 26. Frequency (%) of cerithiid shell length utilization between P. kekeae (n= 188) and 

tanaids (n=16) 
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Fig. 27. Shell Selection Experiment. Linear regression between original shell length and P. 

kekeae total body length (n= 7, r
2
= 0.643, P= 0.03). Original shell length (mm) = - 0.74 + 1.91 

amphipod length 
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Fig. 28. Shell Selection Experiment. Linear regressions between original and final shell lengths 

and P. kekeae total body length. All final choices were cerithiid shells (n= 7, r
2
= 0.396, P= 0.13). 

Final length = 1.15 + 1.25 amphipod length 
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Fig. 29. Shell Selection Experiment. Linear regressions between original and final shell lengths 

and P. kekeae total body length. The outlier with the large standard residual was removed (n= 6, 

r
2
= 0.632, P= 0.059). Final length = 2.83 + 0.361 amphipod length 
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Fig. 30. Direct Interference Competition Experiment 1. Linear regression between shell length 

and P. kekeae total length in the competitions where no eviction occurred (n= 6, r
2
= 0.635, slope 

= 1.45, P=0.06) 
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Fig 31. Direct Interference Competition Experiment 1. Linear regression between shell length 

and P. kekeae total body length for replicates resulting in an eviction of P. kekeae. (n= 13, r
2
= 

0.0020 slope= 0.247, P= 0.649).  
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Fig 32. Direct Interference Competition Experiment 1. Linear regression between Pagurixus sp. 

total length and P. kekeae total body length for competition experiments were no eviction 

occurred. No correlation (n= 6, r
2
= 0.045, Slope= 0.5, P= 0.687)  
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Fig 33. Direct Interference Competition Experiment 1. Linear regression between Pagurixus sp. 

total length and P. kekeae total body length for competition experiments that resulted in a 

successful eviction (n= 13, r
2
=  0.266, slope= 1.03, p= 0.07). 

 

  



33 

 

Tables 

Table 1 

List of known portable domicile-inhabiting amphipods with descriptions of domicile type and 

location of collection. Borneoecetes wongi (Barnard and Thomas 1984), Ambicholestes 

trilobatus (Just 1998), Ambicholestes poorei (Just 1998), and Ambicholestes thetis (Just 1998) 

were not included because domiciles are unknown.  

 

Species Domicile type Location of 

collection 

Reference 

Africoecetes armatus  Scaphopod shells 200 m, Agulhas 

Bank 

(Griffiths 1974, 

Just 1984) 

Ambicholestes berentsae  Small prosobranch 

(dominate), scaphopod 

shells and polychaete 

shells rarely 

8-122 m, various 

locations, Australia 

(Just, 1998) 

Ambicholestes crassicornis 

= Caribboecetes 

crassicornis  

Micromolluscs 

(dominant), calcareous 

polychaete tubes, and 

crab claws 

0.1-2 m. east coast 

of Barbados 

(Just 1984, 

1998) 

Ambicholestes cygnatratus  Prosobranch shells 0.5-18 m, various 

locations, Australia 

(Just 1998) 

Ambicholestes magellani = 

Caribboecetes magellani  

Prosobranch shells and 

polychaete tubes 

4 m, Cebu, 

Philippines 

(Just 1984, 

1998) 

Ambicholestes squamiferus 

= Caribboecetes 

squamiferus  

Various micromolluscs 1 m, Cebu, 

Philippines 

(Just 1984, 

1998) 

Australoecetes 

(Stebbingoecetes) australis  

Scaphopod shells and 

polychaete tubes 

60-124 m, Bass 

strait, Flinders 

Island, Australia 

(Stebbing 1910, 

Just 1985) 

Australoecetes 

(Stebbingoecetes) jervisi  

Scaphopod shells and 

polychaete tubes 

1-8 m, Jervis Bay 

Australia 

(Stebbing 1910, 

Just 1985) 

Australoecetes selliki = 

Siphonoecetes selliki 

 

Hollow stem nodes from 

Amphibolis sea grass or 

polychaete tubes 

1-14 m, various 

locations around 

Australia 

(Sheard 1936, 

Just 1985) 

Caribboecetes barbadensis  Micromolluscs 

(dominant), calcareous 

polychaete tubes, and 

crab claws 

3-5 m, Holetown, 

Barbados, West 

Indies 

(Just 1983) 

Caribboecetes intermedius  Micromolluscs, one crab 

claw 

1.5 m. east coast of 

Barbados 

(Just 1984) 

Caribboecetes jenikarpae  Micromolluscs 

(dominant), calcareous 

0.5-1.5 m, Pacific 

coast of Mexico 

(Just 1984) 
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polychaete tubes, and 

crab claws 

Concholestes dentalii  A shell 13 m, S E India (Giles 1888) 

Concholestes omani  Prosobranchs, 

scaphopods, bivalves, 

and polychaete tubes 

4 m, Gulf of Oman, 

Arabian Sea 

(Just 1987) 

Photis Conchicola  Prosobranch shells Intertidal and 

subtidal, California, 

USA 

(Alderman 

1936) 

Polynesoecetes kekeae  Prosobranch (dominant 

as determined in this 

research), calcareous 

polychaete tubes, and 

crab claws only 

observed several times. 

1-3 m, Moorea, 

French Polynesia  

(Myers 1975) 

Rhinoecetes robustus  Mollusk shells when 

available or coarse sand 

grains and shell debris 

20 m New South 

Whales, Australia 

(Just 1983) 

Pterunciola spinipes  Pteropod shells 840-1540 m, 

western Atlantic 

(Just 1977) 

Siphonoecetes arabicus  Agglutinated shell 

fragments glued to coral 

rubble, bivalves, crab 

claws, scaphopod, and 

prosobranch shells  

2-3 m, Arabian Gulf (Barnard and 

Thomas 1984) 

Siphonoecetes colletti = 

Siphonoecetes smithianus = 

Siphonoecetes kroyeranus 

= Siphonoecetes dellavallei  

Self constructed muddy 

tubes with coarse 

grained material 

North Atlantic (Bate 1857, 

Boeck 1871, 

Sars 1894, 

Stebbing 1906, 

Enquist 1949, 

Ruffo 1959, 

Richter 1978, 

Just 1983, Just 

1988) 

Siphonoecetes sabatieri  Prosobranch, polychaete 

tubes 

North Atlantic (Gauthier 1941, 

Just 1985) 

Siphonoecetes 

(Orientoecetes) spinipalus  

Tube of coarse shell and 

coral rubble 

8 m, Phuket Island, 

Thailand 

(Just 2002) 

Siphonoecetes tanabensis 

=Bubocorophium 

tanabensis  

“sand grains and tiny 

shells” prosobranch 

shells identifiable in 

photograph 

0.5-5 m, Tanabe 

Bay, Japan 

(Harada 1971, 

Just 1988) 

Siphonoecetes typicus  Self constructed tube 

formed with small 

stones, broken pieces of 

mollusk shells etc. 

North Atlantic ( Stebbing 

1899, Kroyer 

1945, Just 

1988) 
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Table 2 

Shell condition rating scheme. 

 

Flaw type points 

Broken aperture 1 

Hole 1 

Broken apex 

(protoconch) 

1 

Multiple or large 

holes 

2 

Body whorl 

missing (spire 

only) 

2 

Broken spire 2 
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Table 3  

Summary of quantitative data: 6  replicates of G. rugosa (Gr) and single Dictyota bartayresiana 

(Db) and Halimeda sp. (Hs) samples.  

 

 Gr 1 Gr 2 Gr 3 Gr 4 Gr 5 Gr 6 DbHs Hs 

Algal 

Volume 

(cm
3
) 

210 144 360 210 416 720 210 (Db) 

144 (Hs) 

243 

Total P. 

kekeae 

65 2 11 190 2 415 338 143 

P. kekeae 

abundance 

(cm
-3

) 

0.310 0.014 0.031 0.905 0.005 0.576 0.955 0.588 

Pagurixus 

sp. 

60 23 57 59 68 108 66 18 

Pagurixus 

sp. 

abundance 

(cm
-3

) 

0.290 0.160 0.158 0.281 0.163 0.150 0.186 0.074 

Total 

tanaids 

7 1 0 6 1 1 42 1 

Tanaid 

abundance 

(cm
-3

) 

0.033 0.007 0 0.029 0.002 0.001 0.119 0.004 

Cerithiid 

gastropods 

1 1 0 29 0 16 14 7 

Dialid 

gastropods 

32 24 49 74 9 8 36 28 

Live other 

gastropods 

8 0 0 13 1 28 11 9 

Empty 

cerithid 

shells 

7 2 0 2 1 3 49 11 

Empty 

dialid shells 

7 10 8 5 0 7 112 1 

Empty other 

shells 

4 4 2 0 0 0 14 1 

Abundance 

of all empty 

shells 

0.086 0.111 0.028 0.033 0.002 0.014 0.494 0.053 

Total 

abundance 

of all 

specimens 

combined 

(cm
-3

) 

0.910 0.465 0.353 1.80 0.197 0.814 1.93 1.53 
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Table 4   

Animal  Mean cerithiid shell score  Mean dialid shell score  

P. kekeae  2.8 (n= 215)  1.9 (n= 221)  

Pagurixus sp.  1.9 (n= 175)  1.4 (n= 87)  

tanaids  2.1 (n= 18)  1.9 (n=14) 
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Table 5 

Shell Selection Experiment 

 

Trial 1 2 3 4 5 6 7 

Original 

shell type 

2 1 1 2 1 1 1 

Chosen 

shell type 

1 1 1 1 1 1 1 

Original 

shell 

length 

17 20 17 21 25 36 33 

Chosen 

shell 

length 

31 32 33 35 34 36 36 

Original 

shell 

condition 

Good but 

long 

sediment 

tube 

Broken 

aperture 

1
st
 whorl 

missing, 

> 1 holes 

and apex 

broken 

1 hole Broken 

aperture 

Complete 

but long 

sediment 

tube 

Broken 

apex and 

aperture 

Chosen 

shell 

condition 

Broken 

apex tip 

Complete Complete Complete Complete 1 hole Complete 

Second 

chosen 

shell type 

1 1 NA NA NA NA NA 

Second 

chosen 

shell 

length 

33 18 NA NA NA NA NA 

Second 

chosen 

shell 

condition 

Complete Broken 

apex tip 

NA NA NA NA NA 

Sex Male Female Female Female Male  Male Male 

Total 

body 

length 

(mm) 

1.364 

 

1.287 

 

1.342 1.707 

 

1.970 1.847 

 

2.057 
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Table 6 

Trial 

number 

Winner Notes 

1 Pagurixus sp. Crab won but next day both died, amphipod had 5 eggs 

2 Pagurixus sp.  

3 Pagurixus sp. Amphipod had 3 eggs 

4 Pagurixus sp.  

5 P. kekeae Crab died after 1 day, amphipod had 3 eggs 

6 Pagurixus sp. amphipod had 3 eggs 

7 Pagurixus sp. amphipod had 4 eggs 

8 P. kekeae amphipod had 4 eggs 

9 Pagurixus sp.  

10 P. kekeae  

11 P. kekeae  

12 Pagurixus sp. Amphipod had 1 egg 

13 Pagurixus sp.  

14 P. kekeae amphipod had 3 eggs 

15 P. kekeae Parasitic isopod on crab with lots of eggs in crab, amphipod  had 4 eggs 

16 P. kekeae No eviction attempt but crab molted 

17 Pagurixus sp. Amphipod had 1 egg 

18 Pagurixus sp. Crab won is less than 0.5 hours and had a parasitic isopod 

19 Pagurixus sp.  

20 Pagurixus sp. Crab won in 15 minutes, Amphipod had 1 egg 
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Appendix  

      Order: Amphipoda 

        Suborder: Corophiidea (Corophiidean clade) 

          Infraorder: Caprellida (Caprellidan clade) 

            Superfamily: Photoidea (Photoid clade) 

              Family: Ischyroceridae (Ischyrocerid clade) 

                Subfamily: Ischyrocerinae (Ischyrocerine clade) 

                  Tribe: Siphonoecetini (Siphonoecetin clade) 

         Genus: Polynesoecetes 

           Species: kekeae 

 

The Corophiidean clade is a monophyletic group defined by glands in the bases of 

pereopods 3-4, slender and robust setae on the rami of uropod 3, and a dorsoventrally thickened 

telson. The Corophiidean clade is then devided into two large monophyletic clades, the 

Corophiidan and Caprellidan clades. The Caprellidan clade (morphology based on 

synapomorphy) is based on two character states: head with anteroventral margin moderately 

excavate and antenna 1 with peduncular article 3 long, more than half the length of article 2. The 

base of the Caprellidan clade is an effective polytomy of six monophyletic clades. The 

Ischyrocerid clade (morphology based on synapomorphy) is defined by the peduncle of uropod 3 

being long, broad proximally and having tiny apical setae. The Ischyrocerine clade is defined by 

recurved apical spines on the outer ramus of uropod 3. Finally, the Siphonoecetin clade 

(monophyly based on synapomorphy) is defined by two synapomorphies, a distal corona of 

spines on the peduncles of uropods 1 and 2 and denticles or recurved hooks on the telson, and 

one homoplasy, accessory spines on the anterior margins of the dactyli of pereopods 5 to 7 

(Myers and Lowry, 2003). Polynesoecetes was originally described in the subfamily 

Siphonoecetinae within the family Corophiidae. Recent phylogenic analysis has led to a revision 

of corophiidean amphipods (Myers and Lowry, 2003). The new phylogeny is based on the 

hypothesis that Corophiidea diverged into two clades based on evolution of different feeding 

strategies: exploitation of benthic detritus and specialization for the capture of water-borne 

particles (Myers and Lowry, 2003). The current phylogeny places Polynesoecetes within the 

siphonoecetin clade. 
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Fig. a. Linear regression between head and thorax length and the total body length of P. kekeae 

(n= 70, r
2
= 0.988, p= <0.000). 
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Fig. b. Linear regression between Pagurixus sp. cephalothoracic shield length and the total body 

length (n= 39 r
2
=0.597, p<0.000). 

 


