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ABSTRACT 

Patricia J. Baechler 

Responses of Hermit Crabs to Hemolymph from Conspecifics and 
Heterospecific Crustaceans 

Florida Atlantic University 

Dr. William R. Brooks 

Master of Science 

1996 

Previous studies indicate that hermit crabs may use the blood or hemolymph from 

dying crabs to locate the soon-to-be-vacated shells. In this study, I determined and 

characterized the responses of hermit crabs to hemolymph from various crustaceans. 

Hermit crabs tested included members of the Diogenidae: Dar dan us venosus, 

Clibanarius tricolor, C. antillensis, C. vittatus, and Calcinus tibicen; and Paguridae: 

Pagurus longicarpus and P. annulipes. Test odor sources included the previously 

mentioned hermit crabs plus seven additional odors, including three non-anomuran 

crustaceans. Most significant responses to hemolymph were to species within the same 

family. In several cases, the strongest responses were to conspecifics or congenerics. 

These results show clearly that hermit crabs in general use chemicals from other hermit 

crabs as cues for finding new shells. These results also show that the shell a crab 

occupies influences its response to odors, illustrating the role of context in these 

interactions. 
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Table 4. Average carapace length of Clibanarius tricolor crabs tested for influence of 
shell occupancy patterns on responses to conspecific hemolymph. 

Batillaria minima 
Tegula fascial a 

Group 1 
Group2 

Modulus carchedonius 
Group 1 
Group 2 

Astrea americana 
Group 1 
Group2 

2.5mm 

4.0mm 
5.0mm 

3.0mm 
4.0mm 

6.0mm 
7.0mm 

RESULTS 

Diogenids 

Dardanus venosus. Although there was an apparent trend of increased activity 

in response to hemolymph (especially for D. fucosus), none of the increases by D. 

venosus was significant (Figure 1 ). 

Clibanarius tricolor. There was a significant response to six different 

hemolymph sources, including conspecifics (P<0.001), C. antillensis (P=0.019), C. 

vittatus (P=0.006), Calcinus tibicen (P<O.OOl), andPetrochirus diogenes (P=0.003), as 

well as the pagurid Pagurus pollicaris (P=0.003), (Figure 2). 

Clibanarius anti/lens is. Increased activity occurred in most treatments, but the 

only significant response was to pagurid P. pollicaris hemolymph (P=0.034) (Figure 3). 

Clibanqrius vittatus. C. vittatus showed a significant response to its two 

congenerics C. tricolor (P=0.047) and C. antillensis (P=0.018) (Figure 5). 

Calcinus tibicen. This crab responded significantly to hemolymph from 
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conspecifics only (P= 0.010) (Figure 7). 

Pagurids 

Pagurus longicarous. Hemolymph from conspecifics (P=0.037), P. annulipes 

(P=0.002), and the diogenid C. vittatus (P=0.049) produced significant responses (Figure 

5). 

Paf:urus annulipes. The only significant increase for P. annu/ipes was to the 

diogenid D. venosus hemolymph (P=0.0351) (Figure 6). 

Influence of shell occupancy patterns on response 

Of the four single shell groups tested, only those C. tricolor occupying Bati//aria 

minima shells showed a significant response to conspecific hemolymph( See Table 5). 

Table 5. Response of C/ibanarius tricolor in single shell groups to conspecific 
hemolymph. Dashed line indicates no fondling occurred. 

Shell species n p z 
-----------------------------------------------------------------
Bati/laria minima 64 <0.001 3.510 
Tegula fasciata 

Group 1 39 0.198 1.290 
Group 2 32 0.989 0.014 

Modulus carchedonius 
Group 1 53 0.611 -0.508 
Group 2 40 0.356 0.924 

Astrea americana 
Group 1 24 0.992 -0.001 
Group 2 26 
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Figure 1. Percentage fondling of Dardanus venosus in response to thllteen 
different hemolymph odors (JJv=Dardanus venosus; Df=D. fucosus; 
CLt=Clibanarius tricolor; CLa=C. antillensis; CLv=C. vittatus; 
Pp=Pagurus pollicaris; PI-P. longicarpus; Pa=P. annulipes; 
CAt=Calcinus tibicen; PEd=Petrochirus diogenes; Ctrl a= Penaeus sp. 
shrimp; Ctrl b=Callinectes sp. crab; Ctrl c=Aratus sp. crab). Numbers 
in parentheses indicate sample sizes for each coupled control/treatment 
sequence. X indicates significant difference between pairwise control 
and treatment trials for a given hemolymph odor. 
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Figure 2. Percentage fondling of Clibanarius tricolor in response to thirteen 
different hemolymph odors (Dv=Dardanus venosus; Df=D. fucosus; 
CLt=Clibanarius tricolor; CLa=C. antillensis; CLv=C. vittatus; 
Pp=Pagurus pol/icaris; PI-P. longicarpus; Pa=P. annulipes; 
CAt=Calcinus tibicen; PEd=Petrochirus diogenes; Ctrl a= Penaeus sp. 
shrimp; Ctrl b=Cal/inectes sp. crab; Ctrl c-A ratus sp. crab). Numbers 
in parentheses indicate sample sizes for each coupled control/treatment 
sequence. X indicates significant difference between pairwise control 
and treatment trials for a given hemolymph odor. 
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Figure 3. Percentage fondling of Clibanarius antillensis in response to thirteen 
different hemolymph odors (Dv=Dardanus venosus; Df=D. fucosus; 
CLt=Clibanarius tricolor; CLa=C. antillensis; CLv=C. vittatus; 
Pp=Pagurus pollicaris; Pl=P. longicarpus; Pa=P. annulipes; 
CAt=Calcinus tibicen; PEd=Petrochirus diogenes; Ctrl a= Penaeus sp. 
shrimp; Ctrl b=Callinectes sp. crab; Ctrl c=Aratus sp. crab). Numbers 
in parentheses indicate sample sizes for each coupled control/treatment 
sequence. X indicates significant difference between pairwise control 
and treatment trials for a given hemolymph odor . 
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Figure 4. Percentage fondling of Clibanarius vittatus in response to tlllrteen 
different hemolymph odors (Dv=Dardanus venosus; Df=D. fucosus; 
CLt=Clibanarius tricolor; CLa=C. antillensis; CLv=C. vittatus; 
Pp=Pagurus pollicaris; Pl=P. longicarpus; Pa-P. annulipes; 
CAt=Calcinus tibicen; PEd=Petrochirus diogenes; Ctrl a= Penaeus sp. 
shrimp; Ctrl b=Callinectes sp. crab; Ctrl c=Aratus sp. crab). Numbers 
in parentheses indicate sample sizes for each coupled control/treatment 
sequence. X indicates significant difference between pairwise control 
and treatment trials for a given hemolymph odor. 

15 



25 

20 

15 
~ 

] 
'if!. 10 

5 

0 

-

-

-

-

-

-

Clibanarius vittatus 

• Treatment 

g Control 

X X 

, 

'-- '--

011(101) Df(131) Clt(57) CL.a(55) Clv(89) Pp(123) Pl(57) Pa(53) (CAI(57) PEd(131) Cll1 a(56) Cll1 b(39) C111 c(33) 

Hemolymph odor source 

16 



Figure 5. Percentage fondling of Pagurus longicarpus in response to thirteen 
different hemolymph odors (Dv=Dardanus venosus; Df=D. fucosus; 
CLt=Clibanarius tricolor; CLa=C. antillensis; CLv=C. vittatus; 
Pp=Pagurus pollicaris; Pl=P. longicarpus; Pa-P. annulipes; 
CAt=Calcinus tibicen; PEd=Petrochirus diogenes; Ctrl a= Penaeus sp. 
shrimp; Ctrl b=Callinectes sp. crab; Ctrl c=Aratus sp. crab). Numbers 
in parentheses indicate sample sizes for each coupled control/treatment 
sequence. X indicates significant difference between pairwise control 
and treatment trials for a given hemolymph odor. 
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Figure 6. Percentage fondling of Pagurus annulipes in response to thirteen 
different hemolymph odors (Dv=Dardanus venosus; Df=D . .fucosus; 
CLt=Clibanarius tricolor~ CLa=C. antillensis~ CLv=C. vittatus~ 
Pp=Pagurus pollicaris; Pl=P. longicarpus~ Pa=P. annulipes; 
CAt=Calcinus tibicen; PEd-Petrochirus diogenes; Ctrl a= Penaeus sp. 
shrimp; Ctrl b=Callinectes sp. crab; Ctrl c-Aratus sp. crab). Numbers 
in parentheses indicate sample sizes for each coupled control/treatment 
sequence. X indicates significant difference between pairwise control 
and treatment trials for a given hemolymph odor. 
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Figure 7. Percentage fondling of Calcinus tibicen in response to thirteen 
different hemolymph odors (Dv=Dardanus venosus; Df=D. fucosus; 
CLt=Clibanarius tricolor; CLa=C. antillensis; CLv=C. vittatus; 
Pp=Pagurus pollicaris; Pl=P. longicarpus; Pa=P. annulipes; 
CAt=Calcinus tibicen; PEd-Petrochirus diogenes; Ctrl a=Penaeus sp. 
shrimp; Ctrl b=Callinectes sp. crab; Ctrl c-.cAratus sp. crab). Numbers 
in parentheses indicate sample sizes for each coupled control/treatment 
sequence. X indicates significant difference between pairwise control 
and treatment trials for a given hemolymph odor. 
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DISCUSSION 

General Responses 

The original study by Rittschof et al. (1992) documenting the discovery of 

chemotaxis to hemolymph in Clibanarius vittatus, Pagurus longicarpus, and P. 

pollicaris illustrates the potential for such a widespread mechanism in hermit crabs for 

locating sites for new shells. In this study responses were characterized for two of the 

above species (C. vittatus and P. longicarpus) as well as five additional species. Four of 

the species that displayed fondling activity were previously not known to respond to 

hemolymph odors. Responses in general ranged from low levels (e.g., Dardanus 

venosus) to extremely active (e.g., C. tricolor), which indicates variability exists among 

hermit crabs in the use of hemolymph for procuring new shells. There were no apparent 

differences in activity levels between the diogenids and pagurids. Most responses, 

however, were to species within the same family. In several cases, the strongest 

responses were to conspecifics or congenerics. Responding to conspecific crabs would 

probably be more efficient, because individuals within a species are probably more 

abundant and accessible in a local habitat than heterospecific crabs and also tend to 

occupy the same types of shells. This specificity in response was further illustrated by 

the fact that none of the crabs tested showed significant fondling towards the blue crab 

(Callinectes sp.), mangrove crab (Aratus sp.), or shrimp (Penaeus sp.) odors. 

Specific responses of species 

The limited response by D. venosus to hemolymph in general was surprising, 

especially considering it is known to respond to snail odors (Brooks et al, 1995). 
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Interestingly, the strongest response (though not significant) was to hemolymph 

from D. fucosus . Perhaps if more crabs had been available, a signficant response would 

have been determined. These results indicate, however, that D. venosus may use 

chemicals from its sympatric sibling species, D. fucosus, to locate potential shells. A 

possible interspecific dominance hierarchy may underlie the interactions between these 

two congenerics. Future studies looking at their interactions could be useful. Limited 

response to conspecific hemolymph has been shown in land hermit crabs (Thacker, 

1994), but it is the volatile nature of the chemicals that probably restrict such use in the 

air medium. Again, it is not clear why responses by D. venosus were so low. 

Clibanarius tricolor displayed the greatest activity of all the crabs tested. It 

responded to conspecifics, the two congenerics, and Petrochirus diogenes and Calcinus. 

tibicen, all of which belong to the same family, Diogenidae. Additionally, it responded 

to the pagurid Pagurus pollicaris. C. vittatus, C. anti/lens is, P. diogenes, and C. tibicen 

are all sympatric with C. tricolor in waters off southern Florida. Therefore, it is likely 

that by responding to each of their respective odors C. tricolor is increasing its 

opportunities to procure new shells. The broad nature of C. tricolor's response might 

also explain why it responded to P. pollicaris, which is an allopatric species. The low 

specificity would likely involve responding to molecules common to many hermit crabs. 

This same phenomenon of a conservative molecular marker might also explain how 

hermit crabs respond to several different snail odor sources. 

Interestingly, Clibanarius antillensis responded significantly only to the pagurid 

P. pollicaris. A general trend, however, of increased activity in most treatments 
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indicates C. anti/lens is does respond to several hermit crab odors. Limited availability 

of individuals may have prevented sample sizes sufficient to detect additional significant 

responses. 

Clibanarius vittatus had a significant response to congenerics C. tricolor and C. 

anti/lens is, although its strongest response was to conspecific odor. However, relatively 

high levels of fondling in the controls prior to this treatment precluded the treatment 

from being significantly different (p=0.057). Nonetheless, these data correspond very 

well to the results for C. vittatus reported by Rittschof et al.(1992) which indicate a 

response to conspecifics. My study expands on this by showing C. vittatus responds not 

only to conspecifics but additionally two sympatric congenerics. So clearly, C. vittatus 

employs this mechanism as a means of locating new shells from closely related crabs. 

Pagurus longicarpus responded significantly to three sources: C. vittatus, P. 

longicarpus, P. annulipes. Interestingly, it did not respond to the congeneric P. 

pol/icaris. Rittschof et al. (1992) also found limited responses toP. pollicaris. Although 

both P. longicarpus and P. pollicaris overlap in their distribution, the former species is 

upper intertidal while the latter species is generally subtidal. Thus, odors from P. 

pollicaris would generally be emanating from outside the microhabitat of P. longicarpus. 

The distribution and overlap of P. longicarpus with C. vittatus and P. annulipes in my 

collection areas is much greater and may account for the significant responses towards 

these crabs. Rittschof et al. (1992) found, however, that P. longicarpus did not respond 

to C. vittatus. The reason for the descrepancy between these two studies is unclear. 

Pagurus annulipes showed a significant response only to D. venosus. 
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Additionally, strong responses occurred with both C. vittatus and Petrochirus diogenes, 

but relatively high control levels made differences nonsignificant. Ironically, none ofthe 

three species above occupy the same local habitat of P. annul ipes; therefore, there 

would be little if any contact between the two sets of crabs. Additionally, there is a vast 

size difference between P. annu/ipes and the other three crabs. Thus, response to these 

odors would seem rather useless for procuring new shells. From observation made while 

collecting, it does not appear that P. annu/ipes is shell limited. Empty , occupiable 

shells were found often, thereby minimizing the need for chemoreception to locate new 

shells. Clearly, the data for P. armu/ipes represent an enigma but still show the innate 

ability of this crab in identifying conspecifics chemically. 

Calcinus tibicen responded significantly only to conspecifics. This species' 

specific response may be related to its shell occupancy patterns, because the majority of 

individuals were in Pisania tinct a shells. None of the other species collected in this 

study occupied this species of snail shell. Thus, other than directly from this snail 

species, C. tibicen might only be able to replace this shell with ones from conspecifics. 

Influence of shell occupancy patterns on response. 

Only Clibanarius tricolor crabs occupying Batillaria minima showed a 

significant response to conspecific odors in these latter trials. Batillaria minima shells 

held the smallest individuals of C. tricolor. This size cohort of crabs may actually have 

few choices for occupiable shells. Thus, the strong response towards conspecifics in one 

shell but not in the other three indicates clearly the role of context in these interactions. 

As crabs grow, relative availability of shells can change thus affecting "motivation" and 
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the need to use chemoreception. Apparently C. tricolor has the innate ability to tum this 

response on and off, which illustrates the compexity of this chemically mediated 

stimulus/response system. 
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