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I N T R O D U C T I O N 

Diamondback terrapins (Malaclemys terrapin) are a brack-
ish species of water turtle, living i n salt marshes, whose 
range includes most of the eastern seaboard of the United 
States, extending from Florida to Cape Cod, Massachusetts. 
Terrapins are ectotherms (i.e. cold-blooded) and thus must 
regulate their body temperature through their behaviors; 
one way of doing so is through basking. Basking sites, 
therefore, are a high value resource for terrapins and areas 
where terrapins may interact and potentially be i n conflict. 

The Boston College Diamondback terrapin headstarting 
project recovers nests that are highly vulnerable and un-
likely to hatch from Sandy Neck Barrier Beach in 
Barnstable, Massachusetts on Cape Cod. Selected nests are 
incubated, the eggs hatched, and the hatchlings reared in a 
laboratory setting for a ten-month period. Terrapin hatch-
lings are then released into the saltmarsh in late spring of 
the following year. Studies conducted during headstarting 
periods aim to understand aspects of terrapin natural his-
tory that are important to increasing their survival rate. The 
first year of a terrapin's life is a critical period of physical, 
neurological, and social development. As such, raising 
Diamondback terrapins in a laboratory setting for the first 
ten months of their lives may impact their ability to cope 
with challenges in their natural environment once they 
have been released, including interactions with wild con-
specifics (members of the same species). 

Common observations have previously noted the social na-
ture of Diamondback terrapins, suggesting the possibility 
that they form social groups and the potential that they dis-
tinguish siblings from non-siblings. Consequently, it is es-
sential to ensure that headstarted Diamondback terrapins 
are raised in conditions that provide appropriate opportuni-
ties for both physical and social development. Social behav-
iors in terrapins may have crucial implications for their 
ability to interact, join social groups, and ultimately repro-
duce when released into their natural habitat. Basking 
sites, as limited resources in the wild, are common loca-
tions for conspecific interactions and aggregations in vari-

ous turtle species and may prove integral to understanding 
the formation and characteristics of social groups. 

Exchanges between individuals occur regularly on basking 
sites. Aggressive engagements have been documented in 
Pennsylvanian wood turtles1 in the form of nudging, ram-
ming, and biting. Basking western pond turtles were doc-
umented biting and ramming one another as a method of 
displacement from basking sites.11 Lizards have also been 
described as capable of exhibiting numerous social behav-
iors, both hostile and nonviolent. Crowded basking sites 
resulted in increased social behavior, increased aggression, 
and a switch to hierarchical behavior.111 These documented 
behaviors serve as templates to inform our own observa-
tions on Diamondback terrapin social behaviors. 

Kin recognition, one of many methods by which complex 
animals may form social groups, is the ability of an organ-
ism to distinguish between individuals of the same species 
based upon the degree of relatedness, and often involves 
preferential behaviors such as resource allocation. 
Hamilton's k in selection theory suggests that i n k in 
groups, larger individuals wi l l share a limited resource (in 
this case the basking site) with smaller individuals i f they 
are related. This results i n a lower variance i n mean size 
and functions to preserve the genes of a family group. In 
contrast, non-kin groups, according to the theory, have a 
higher variance in size since larger individuals are less wil l-
ing to share resources, and thus, act to preserve their indi-
vidual genes.1V Though undocumented in Diamondback 
terrapins, k in recognition has been established in related 
species such as the common toad,v wood frog tadpoles,V1 

red-legged frogs, v u the common l i za rd , v m and Australian 
lizards.1X 

2005-2006 M E T H O D S 

H U S B A N DRY 

Diamondback terrapin eggs from nests designated to be 
headstarted were deposited under one to two inches of sand 
in small, individual cups labelled with each terrapin's nest 
information. These cups were placed in an incubator kept 
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at 80 degrees F on a 12-hour light/dark cycle. Upon hatch-
ing, the eggs were removed from the incubator and placed 
i n a headstarting tank, divided into seven partitions. False 
bottoms were used in headstarting tanks to keep water lev-
els relatively low, a safety measure as the hatchlings devel-
oped their swimming abilities. In December of 2005, ter-
rapin maturation allowed for terrapins to be divided into 
standard tank arrangements, in which partitions housed 
and separated four terrapins. 

Terrapins were divided into groups of either four siblings or 
four non-siblings. Ideally, one would have equal groups of 
familiar k in (kin living together since birth) and familiar 
non-kin (non-kin living together since birth). Such distri-
bution would also allow for the testing of unfamiliar k in 
groups and unfamiliar non-kin groups. However, due to 
the allotted number of headstarted terrapins, the 2005-
2006 study only tested groups of familiar k in and unfamil-
iar non-kin. 

Terrapins were all fed the same diet of nutrient pellets for 
45 minutes daily and were always fed before the start of an 
experimental trial. Their identical diets and consistent di-
etary schedules may be used to eliminate dietary variables 
as a basis for k in recognition or any other behavioral pat-
terns observed in Diamondback terrapins. 

EXPERI M E N T A L T R I A L S 
A n experimental tank featured a single brick ramp leading 
to a single brick basking site, located on the far side of the 
tank, opposite the filter. A heat lamp was placed directly 
above the basking site, making it the most intensely lit and 
heated area in the tank. The basking site's small size and 
focused lighting were set up i n a manner that would prove 
conducive to studying behavior surrounding a limited 
basking site. This could stimulate competition and subse-
quent aggression, characteristics that have been shown to 
vary among kin and non-kin in species exhibiting kin 
recognition. Terrapins within either kin or non-kin groups 
were placed in the tank and videotaped for ninety minutes. 
The first thirty minutes served as an acclimation period, 
while the last sixty minutes represented the "testing time." 
During testing, human presence was kept to a min imum in 
order to prevent terrapin reactions or altered behaviors 
which may result from human observers. 

Trials were scored for four behaviors (aggression, climbing, 
displacement, and basking congregations) and additional 
qualitative observations were noted. This study sought to 
describe and measure the behavior of collective groups, not 
individual animals; hence, individual identity during ex-
perimental trials was not tracked, aside from the confirma-
tion that the proper individuals of a group were being 
tested. A l l scored behaviors took place on the basking site. 
Biting was viewed purely as an aggressive behavior and was 
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scored as such. Climbing on the backs of other turtles was 
viewed primarily as a mark of accepted, tolerated physical 
contact, and therefore indicative of a level of social comfort 
in the animals. Displacement was measured as a marker of 
basking site activity; it can take the form of aggression 
when a turtle is displaced due to biting, ramming, or other-
wise influenced to leave the basking site by another turtle's 
visual contact or body posture. However, displacement can 
also be a result of a crowded basking site where turtles are 
forced off due to a lack of space, or due to falling off the back 
of another turtle while climbing on top of it. Thus, displace-
ment cannot be viewed as a direct measure of aggression, 
but rather as a reasonable measure for the level of interac-
tions taking place on the basking site. Basking congrega-
tions constituted the number of instances, in a given trial, 
in which there were one, two, three, or four terrapins on the 
basking site simultaneously. Several additional behaviors 
were noted: lunging, chasing, and posturing. 

The final data analysis was based upon 13 trials of familiar 
kin and 11 trials of unfamiliar non-kin. For the behaviors of 
biting, displacement, and climbing, t-tests were run on 
each individual behavior to compare the differences be-
tween familiar k in and unfamiliar non-kin samples. 
Behaviors were analyzed seperately because they were not 
mutually exclusive. For example, the scenario of one terra-
pin biting another may additionally induce a displacement 
of the attacked turtle. Using a t-test avoided the possibility 
of counting a behavior multiple times due to such behav-
ioral causality. Significance was established at P < 0.05. 
Basking congregations were analyzed using a one-way 
ANOVA to measure for differences between kin and non-
kin. Again, significance was established at P < 0.05. 

2005-2006 R E S U L T S 

Raw data for all analyzed kin and non-kin behavior may be 
seen in Table 1, Table 2, Table 3, and Table 4. 

Familiar k in groups averaged 2.44 instances of biting per 
trial, significantly more than unfamiliar non-kin groups, 
which averaged 0.36 bites per trial (P = 0.04). There were 

13.36 displacements per trial in familiar kin and 3.91 in un-
familiar non-kin; this difference was significant with P = 
0.0009. Instances of climbing were also significantly dif-
ferent between the groups, with 13.36 per trial in familiar 
kin and 2.36 in unfamiliar non-kin, P = 0.005. This data 
can also be found in Table 5 and Chart 1. 

The results of running a one-way ANOVA for basking con-
gregations in familiar k in and unfamiliar non-kin can be 
found in Table 6 and in a condensed version in Table 7, also 
accompanied by Chart 2. Instances of a lone turtle occupy-
ing the basking site occured an average of 10.46 times per 
trial in familiar kin, versus 11.73 times per trial in unfamil-
iar non-kin. This difference was not significant (P = 
0.684). Congregations of two turtles occurred an average 
of 20.62 times per trial in familiar kin, significantly more 
than the average of 7.82 occurrences in unfamiliar non-kin, 
P = 0.007. There were significantly more congregations of 
three turtles in familiar kin, 15.23 per trial, than in unfamil-
iar non-kin, 2.09 per trial (P = 0.003). Finally, familiar kin 
basked in congregations of four 4.31 times per trial, while 
unfamiliar non-kin averaged 0.18 times per trial, a signifi-
cant difference (P = 0.015). 

2005-2006 D I S C U S S I O N 

Familiar k in basked significantly more than unfamiliar 
non-kin at all congregation levels, except when there was a 
lone turtle on the basking site and subsequently no signifi-
cant difference. This study did not examine unfamiliar k in 
and familiar non-kin groups, thus responsibility for this 
discrepancy cannot be reduced to familiarity or kinship 
alone. Accounting for these two additional groups in a fu-
ture study would allow one to determine the variable re-
sponsible for increased basking. The basking data found in 
this study indicates variability in the way terrapins from dif-
ferent groups behave towards each other. This is possibly 
indicative of a certain level of social comfort between the 
two types of groups. Terrapins may bask in increased lev-
els with familiar kin because there may be an established 
social hierarchy, or familiarity/kinship may afford individ-
uals of social groups a certain level of security in basking in 
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T A B L E 1: B I T I N G , D I S P L A C E M E N T , A N D C L I M B I N G T A B L E 2: B I T I N G , D I S P L A C E M E N T , A N D C L I M B I N G 

RESULTS F R O M F A M I L I A R K I N T R I A L S RESULTS F R O M U N F A M I L I A R N O N - K I N T R I A L S 

DATE CROUP BIT ING DISPLACEMENT CLI MBI NC DATE CROUP BIT ING DISPLACEMENT C L I M B I N G 

1/19/06 16 3 7 12 
1/30/06 1 0 5 2 

1/22/06 16 4 8 11 1/31/06 2 0 6 9 

1/24/06 16 5 11 16 2/2/06 1 i 9 4 

1/26/06 16 6 16 13 3/1/06 6 i 7 6 

2/1/06 16 4 - 21 21 
3/23/06 7 i 4 1 

2/7/06 

2/14/06 

16 

3 

2 

3 

6 

53 

3 

51 
3/24/06 8 0 0 0 

2/15/06 4 0 16 19 
3/28/06 9 1 2 1 

2/24/06 3 7 14 12 4/3/06 10 0 9 2 

3/20/06 3 2 6 0 4/4/06 11 0 0 0 

3/21/06 4 1 13 12 4/6/06 12 0 1 1 

3/29/06 4 0 2 4 
4/11/06 13 0 0 0 

3/31/06 3 0 0 0 

T A B L E 3: B A S K I N G C O N G R E G A T I O N RESULTS T A B L E 4: B A S K I N G C O N G R E G A T I O N RESULTS 

F R O M F A M I L I A R K I N T R I A L S F R O M U N F A M I L I A R N O N - K I N T R I A L S 

NUMBER OF INSTANCES OF NUMBER OF INSTANCES OF 

DATE GROUP TURTLE CONGREGATIONS DATE GROUP TURTLE CONGREGATIONS 
O N E T W O T H R E E F O U R O N E T W O T H R E E F O U R 

T U R T L E T U R T L E S T U R T L E S T U R T L E S T U R T L E T U R T L E S T U R T L E S T U R T L E S 

1/19/06 16 4 19 16 4 1/30/06 16 4 19 16 4 

1/22/06 16 21 33 15 1 
1/31/06 16 21 33 15 1 

1/24/06 

1/26/06 

16 

16 

15 

10 

24 

28 

19 

25 

5 

5 
2/2/06 16 15 24 19 5 

2/1/06 16 22 44 29 6 
4/3/06 16 10 28 25 5 

2/7/06 16 13 13 3 0 4/4/06 16 22 44 29 6 

3/29/06 4 5 8 2 0 4/6/06 16 13 13 3 0 

3/31/06 3 0 0 0 0 
4/11/06 4 5 8 2 0 

2/14/06 

2/15/06 

3 

4 

10 

4 

35 

12 

45 

15 

19 

6 
3/24/06 3 0 0 0 0 

3/20/06 3 13 12 1 0 
3/28/06 3 10 35 45 19 

2/24/06 3 6 15 13 7 3/1/06 4 4 12 15 6 

3/21/06 4 13 25 15 3 3/23/06 3 13 12 1 0 
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T A B L E 5: T - T E S T S F O R B I T I N G , D I S P L A C E M E N T , 

A N D C L I M B I N G 

BEHAVIOR FAMILIAR KIN U N FAM I LIAR N O N - K I N P VALU E (SIC < .05) 

B I T I N G 2.44 0.36 0.04 

D I S P L A C E M E N T 13.36 3.91 0.0009 

C L I M B I N G 13.36 2.36 0.005 

T A B L E 6: O N E - W A Y A N O V A F O R 

B A S K I N G C O N G R E G A T I O N S 

SUM OF DF MEAN F SIGNIF ICANCE 

SQUARES SQUARE 

ONE B E T W E E N G R O U P S 9.546 1 9.546 0.171 0.684 

W I T H I N G R O U P S 1,231.413 22 55.973 

T O T A L 1,240.958 23 

TWO B E T W E E N G R O U P S 975.757 1 975.787 8.950 0.007 

W I T H I N G R O U P S 2,398.713 22 109.032 

T O T A L 3,374.500 23 

THREE B E T W E E N G R O U P S 1,028.742 1 1,028.742 11.099 0.003 

W I T H I N C R O U P S 2,039.217 22 92.692 

T O T A L 3,067.958 23 

FOUR B E T W E E N G R O U P S 101.428 1 101.428 6.964 0.015 

W I T H I N G R O U P S 320.406 22 14.564 

T O T A L 421.833 23 

T A B L E 7: C O N D E N S E D B A S K I N G 

C O N G R E G A T I O N R E S U L T S 

CONGREGATIONS 

O N E T U R T L E 

T W O T U R T L E S 

T H R E E T U R T L E S 

F O U R T U R T L E S 

FAMILIAR KIN 

10.46 

20.62 

15.23 

4.31 

U N F A M I L I A R N O N - K I N 

11.73 

7.82 

2.09 

0.18 

P VALUE (SIG < .05) 

0.684 

0.007 

0.003 

0.015 

E L E M E N T S S P R I N G 07 



FIGURE 

F A M I L I A R K I N U N F A M I L I A R N O N - K I N 

-g 6 

Basking Behavior in Familiar 
vs . Unfamiliar Non-Kin 

B I T I N G 

(p = 0.04) 
DISPLACEMENT 

(p = 0.0009) 
C L I M B I N G 

(p = 0.005) 

congregations with other terrapins. A reduced risk of ag-
gression may exist i f an individual is known to be a non-
threat by members of the same social group. 

Familiar k in behaved more aggressively towards one an-
other than unfamiliar non-kin, as can be seen by the signif-
icantly different levels of biting between the two groups. 
Aggression may occur as a function of increased basking, 
as seen in lizards. x That is, biting may be a normal compo-
nent of basking congregations; since familiar kin basked i n 
greater congregations, this behavior would predict greater 
amounts of biting. 

A n additional consideration may be that familiar k in are 
more aggressive because they have a better understanding 
of what retaliation may ensue from the other turtle. 
Aggression may be a tool by which members of a social 
group can be reprimanded to their place within the social 
hierarchy, or dislodged momentarily so as to allow a higher 
ranking individual to occupy a preferable basking location. 
This was seen several times i n the course of this study: a ter-
rapin was ousted by an approaching group member and 
forced to bask in a new location, often one that was partially 
submerged, and thus, less preferable. Terrapins may not 
be as will ing to risk biting other unfamiliar non-siblings i f 

they are not able to anticipate what reaction wi l l follow, i.e., 
whether a bitten terrapin wi l l respond with extensive vio-
lence. This scenario creates a heightened risk, and thus it 
may be advantageous to avoid direct aggression altogether. 
Alternative methods of aggression should be considered in 
future studies. 

The increased levels of displacement seen in familiar k in 
may also be a consequence of increased basking, or are oth-
erwise indicative of increased interaction between turtles 
on the basking site. Displacement resulted from various 
behaviors: biting, posturing, climbing, and crowding. It 
wi l l be imperative to categorize how many of each type of 
displacement occurs in future studies to determine the role 
of each displacement behavior. 

There are also other important considerations for future 
protocols. Terrapins designated for familiar non-kin 
groups need to be placed in those groups immediately 
upon birth. It is unknown whether there exists a critical pe-
riod in terrapins, during which lasting bonds might be 
formed i f k in recognition does occur. Therefore, familiar-
ity is ambiguous unless one eliminates the variability that 
would result from the possibility of a critical period early in 
life. 
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Further investigation also needs to be made into how terra-
pin basking behaviors change over the course of the head-
starting period. A steady testing of several groups during 
headstarting wi l l ensure that any potential changes over the 
course of development may be attributed to actual develop-
mental changes and not simply to a characteristic of the 
specific groups. Understanding how, why, and across what 
time period terrapins form social groups would be an asset 
to the Diamondback terrapin headstarting program. This 
program seeks to speed the terrapins' physical maturation 
without compromising their mental development. It is, 
therefore, especially important that they be able to develop 
any potential social tools critical to their ability to form 
and/or enter social groups in the wild, and eventually 
reproduce. 

This study suggests that Diamondback terrapins behave 
differently towards one another based either on familiarity 
or kinship, with a higher tendency to bask, bite, climb, and 
otherwise actively interact with one another on a limited 
basking site. Such differential activity is not meant to sug-
gest that terrapins should only be raised with and exposed 
to familiar kin. Isolating terrapins from non-kin could 
prove damaging in their ability to cope with unfamiliars 
and non-kin in the wild. The potential for kin recognition 

and the formation of social groups are sophisticated and 
complicated biological constructs. Future research should 
be given the opportunity to strengthen our understanding 
of these concepts and their role in Diamondback terrapins 
before any changes are made to headstarting protocols. 

F U R T H E R STUDY 2006-2007 
Research wi l l be continued in 2006 and 2007 to expand 
upon the 2005-2006 study. Hatchlings from four nests 
wil l be divided into groups of k in and non-kin in order to 
run trials on both familiar and unfamiliar kin and non-kin. 
Behaviors wi l l be scored employing the same methodology 
as described above. Collected information may provide ex-
planatory support for the observed differences above. 
Furthermore, the results of this study may provide a greater 
understanding of how wild terrapins form social groups 
and share resources—key factors in their survival and 
recovery. 
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