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(MINAE) of Costa Rica. E. Rankin and A. Rankin con-
ducted the majority of the track surveys. K. Bjorndal, A.
Meylan, P. Pritchard, A. Rhodin, and C. Taft provided
constructive comments on a draft of this contribution.

LiTERATURE CITED

ARANDA-SANCHEZ, J.M. 1981. Rastros de los Mamiferos Silvestres
de México. Manual de Campo. Instituto Nacional de
Investigaciénes sobre Recursos Bioticos. Xalapa ver, 198 pp.

AuTar, L. 1994, Sea turtles attacked and killed by jaguars in
Suriname. Marine Turtle Newsletter 67:11-12.

Bass, AL, Lacueux, C.J., anp Bowen, B.W. 1998. Origin of green
turtles, Chelonia mydas, at “sleeping rocks” off the northeast
coast of Nicaragua. Copeia 1998:1064-1069.

BiornpaL. K.A., WETHERALL, J.A., BOLTEN, A.B., AND MORTIMER,
J.A. 1999, Twenty-six years of green turtle nesting at Tortuguero,
Costa Rica: an encouraging trend. Conservation Biology 13:126-134.

CampBeLL, C.L., Lacueux, C.J., anp MORTIMER, J.A. 1996, Leath-
erback turtle, Dermochelys coriacea, nesting at Tortuguero,
CostaRica, in 1995. Chelonian Conservation and Biology 2:169-
172.

Carr. A., Carr, MLH., axp MEYLAN, A.B. 1978. The ecology and
migrations of sea turtles, 7. The west Caribbean green turtle
colony. Bull. Amer. Mus. Nat. Hist. 162:1-46.

CarriLro, E., Morera, R., anp Wong, G. 1994. Depredacion de
tortuga lora (Lepidochelys olivacea) y de tortuga verde (Chelo-
niamydas) porel jaguar (Panthera onca). Vida Silvestre Neotro-
pical 3:48-49.

CuiNcHiLLa, F.A, 1997, La dieta del jaguar (Panthera onca), el
puma (Felis concolor) y el manigordo (Felis pardalis) (Car-
nivora: Felidae) en el Parque Nacional Corcovado, Costa Rica.
Revista de Biologia Tropical 45:1223-1229.

EisEnBERG, J.F. 1989. Mammals of the Neotropics. University of
Chicago Press, Chicago.

Emmons, L. 1989, Jaguar predation on chelonians. J. Herpetol.
23:311-314.

Hirth, H. 1997, Synopsis of the biological data on the green turtle
Chelonia mydas (Linnaeus 1758). USFWS Biological Report
97(1). pp. 46-49.

Lacueux. C.J. 1998, Marine turtle fishery of Caribbean Nicaragua:
human use patterns and harvestrends. Ph.D. Thesis. University
of Florida. Gainesville.

Or11z. R M.. PLOTKIN. P.T.. axp Owens, D W, 1997, Predation upon
oliveridley sea turtles (Lepidochelvs olivacea) by the American
Crocodile (Crocodvius acuns) at Plava Nancite, Costa Rica
Chelonian Conservation and Biology 2

ScHALLER, G.B. 1972. The Serengeti Lion. Chicago: University of
Chicago Press. 450 pp.

TrROENG, S. 1997, Report on the 1997 Green Turtle Program at
Tortuguero, Costa Rica. Unpublished report to the Caribbean
Conservation Corporation, 2% pp

TROENG, S., Zange. R.. SinGer, C.. Pixion, T., CasTro, J., HARRISON,
E., AvaLa, D., Hinestroza. L. PoLo. AL Quuapa. AL, CasTILLO.
A., Ho, P., anp Raxkix, T.AL 1999, Report on the 1998 Green
Turtle Program at Tortuguero. CostaRica. Unpublished report to
the Caribbean Conservation Corporation and the Ministry of
Environment and Energy of Costa Rica. 46 pp.

IR3.587

Received: 4 March 1999
Reviewed: 27 February 2000
Revised and Accepted: 7 April 2000

Chelonian Conservarion and Biology, 2000, 3(4):753-755
© 2000 by Chel Research F

Mud Accumulation in Nesting Aquatic
Turtles (Emydidae) in Illinois

Jonn K. Tucker' ANp DaNieL A. WARNER™?

Hlinois Natural History Survey, Grear Rivers Field Station,
Long Term Resource Monitoring Program-Reach 26,
8450 Montclaire Avenue, Brighton, Illinois 62012 USA
[Fax: 618-466-9688; E-mail: John_K_Tucker@usgs.gov];
*Department of Animal Ecology,
lowa State University, Ames, lowa 50011 USA;
‘Present Address: Department of Biology, Virginia Polytechnic
Institute and State University, Blacksburg, Virginia 24061 USA

The red-eared slider (Trachemys scripta elegans) is a
common and widely distributed turtle in North America
(Conant and Collins, 1991; Ernst et al., 1994). This turtle is,
nevertheless, subject to considerable exploitation in parts of
its range (reviewed by Tucker and Moll. 1997). In some
cases, harvesting of local stocks has affected local demo-
graphics (Warwick et al., 1990). Populations of sliders, and
other turtles, are also adversely affected by other human
disturbances including highways and roads (e.g., Ruby etal.,
1994), fires (e.g., Bigham et al., 1965; Dodd et al., 1994),
fences (Tucker and Filoramo, 1996), and other dangers
(reviewed by Ernst, 1995).

Agricultural activities are also sources of mortality
(Ernst. 1995) and injury (Saumure and Bider, 1998). Gener-
ally, mortality is due to encounters between turtles and
agricultural equipment or due to habitat modification result-
ing from cultivation. However, the agricultural environment
may also hamper normal life history activities to lesser
degrees short of outright mortality.

Forinstance. Saumure and Bider (1998) found evidence
of reduced recruitment and slower growth in populations of
the wood turtle (Clemmys insculpra) that occur in agricul-
tural settings compared to those occupying less disturbed
habitats. Herein. we examine mud accumulation. a previ-
ously unrealized handicap suffered by aquatic turtles that
enter agricultural fields to nest.

Merhods. — We caught sliders (Trachemys scripta
elegans) in June 1998 near Stump Lake in Jersey County,
Ilinois (see Tucker, 1997 for details), and a single painted
tartle (Chrysemys picta) in June 1997 at Stump Lake.

We weighed turtles along with accumulated mud with
a spring balance (nearest 10 g) in the field. Bladders of all
turtles were emptied prior to weighing (Kinney et al.,
1998) and all turtles were gravid when captured. Turtles
were marked for later identification. Mud was removed
by washing the turtles after we returned to the laboratory.
We then reweighed the turtles (nearest 10 g) and mea-
sured straight-line plastron length (nearest mm) and
maximum carapace length (nearest mm) for each female.
Mass of accumulated mud was determined by subtract-
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Figure 1. A female red-eared slider (Trachemys scripta elegans)
with accumulated mud on the underside of the plastron (plastron
length 206 mm).

Figure 2. A female painted turtle (Chrysemys picta) immobilized
by a large wedge of accumulated mud (plastron length 146 mm).

ing mass determined in the laboratory from mass of turtle
and mud measured in the field.

Oxytocin was used to induce oviposition (Ewert and
Legler. 1978). Eggs were weighed with a Sartorius elec-
tronic balance to 0.01 g. Clutch mass was derived using the
method of Tucker et al. (1998). Spent body mass was
estimated by subtracting clutch mass from the female’s
gravid body mass. Relative clutch mass (RCM) was calcu-
lated by dividing clutch mass by spent body mass for each
female. We returned the turtles to the original collecting area
for release 48 hrs after inducing oviposition (Tucker et al..
1995). We used SAS for all statistical analyses (SAS Insti-
tute. 1988). Means were compared with the Wilcoxon signed
rank test (Z); Spearman’s correlation coefficient (Rho) was
used to measure association among variables. Both are
nonparametric procedures.

Results. — Overall, 539 gravid red-eared slider turtles
were collected in 1998, We observed that turtles crossing
rain-soaked. newly cultivated fields could accumulate mud
on the plastron and carapace (Fig. 1). These field and
weather conditions that lead to mud accumulation were
prevalent only during a short period in June. Consequently,
this study was limited to 21 red-eared slider turtles collected
on two different days: 13 turtles on 6 June and 8 turtles
collected on 9 June 1998. We also observed a painted turtle
collected on 15 June 1997 that had heavy mud accumulation
(Fig. 2).

Turtles collected on the two different days did not differ
in the amount of accumulated mud (Z=1.16, p=0.2456), in
gravid mass (Z=0.83. p=0.4043), in measures of reproduc-
tive output (egg mass: Z = 0.04, p=0.9711 and clutch size:
Z =1.46, p=0.1442), or in linear measures of female size
(carapace length: Z = 1.05. p = 0.2926 and plastron length:
Z = 1.05, p = 0.2918). Consequently. data for these two
groups of turtles were combined for further analysis.

The 21 turtles collected were carrying large amounts of
mud (Table 1). Mass of mud on the shells of these turtles
averaged about 1% of the gravid mass of the turtles,
Moreover, the turtles were carrying as much or more mass in
mud as they were in clutch mass. The amount of mud being
carried by individual turtles varied from as little as 10 g to as
much as 680 g.

The amount of mud being carried by individual turtles
did not co-vary with plastron length (Rho = -0.08. p =
0.7420). Consequently, small turtles might carry large
amounts of mud, whereas large ones might be carrying small
amounts. For instance, one relatively small turtle (gravid
mass = 1150 g, plastron length = 184 mm) had accumulated
340 g of mud and was therefore carrying nearly 30% more
weight than normal. Moreover, the turtle had a clutch mass
of 76.8 g, but was carrying 4.4 times that mass in mud.

Discussion. — Clearly, accumulated mud can be ener-
getically significant and in the sample that we examined
actually exceeded clutch mass on average. Some of the
turtles that we studied make nesting migrations of 1 km or
more (Tucker, 1997). Such long nesting migrations are
energetically costly (e.g.. Congdon and Gatten, 1989) even
without the added burden of accumulated mud.

The biological significance of the phenomenon that we
report is not completely clear. Although an additional 11%
in mass may be energetically significant, turtles can bear
relatively large loads on their carapaces (up to 100% of body
mass) withminimal effect on locomotion (Zani and Claussen.
1995: Marvin and Lutterschmidt, 1997;: Wren et al., 1998).
However, the mud accumulation that we report occurred on
the plastron in a position that probably directly interferes
with limb movements and locomotion.

Mud accumulation may only occur on a few days of the
nesting season. The turtles that we studied only accumulated
mud in fields that were newly cultivated. and then only for
one or two days following rain events. However, nesting
activity seems to be stimulated by rainfall (Tucker, 1997), so

Table 1. Accumulated mud, body size, and reproductive output for
21 red-eared sliders (Trachemys scripta elegans) collected while
nesting in tilled agricultural fields in west-central Illinois on 6 and
9 June 1998, Gravid mass was measured after removing accumu-
lated mud.

Mean SD Min Max

Plastron length (mm) 211 16 184 241
Carapace length (mm) 227 16 203 256
Gravid mass (g) 1690 340 1150 2290
Accumulated mud (g) 170 190 10 680
Clutch size (eggs) 14.5 2.7 9 18
Egg mass (g) 10.60 1.49 853  14.56
Clutch mass (g) 1556 43.6 76.8  262.1
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more turtles may be likely to nest during periods when mud
accumulation is likely.

Moreover, mud accumulation only occurs when turtles
cross loams, silt loams, or silty clay loams. Sandy soils do not
accumulate on sliders in our study area. Regardless, if all
other factors are equal, mud accumulation due to human
agricultural practices will impair locomotion and increase
the energy needed for nesting migrations compared to en-
ergy needs in sites where mud accumulation does not occur.
The 11% average for accumulated mud vs. gravid mass that
we found is similar to the percentage of gravid mass that
bladder water accounted for in nesting Chrysemyvs picta
(Kinney et al., 1998).

In extreme instances, mud accumulation may immobi-
lize individual turtles. We encountered an example of this in
the single painted turtle we observed (Fig. 2) who could not
crawl but instead could only rotate slowly on the mass of
mud that had built up under the plastron. This turtle weighed
500 g but was carrying an additional 280 g of mud. She later
produced aclutchof 9 eggs thataveraged 9.05 g in mass. Had
we not found this turtle, it would have been particularly
vulnerable to predators, exhaustion, or heat death so long as
the mud continued to adhere to it.

It is important to note that all of the turtles that we
studied were crossing fields in various wildlife refuges.
These cultivated fields are publicly owned and farmed to
provide increased forage for game species. Such practices
are widespread on federal and state refuges, particularly in
areas where waterfowl and upland game birds are present.

Our findings for Trachemys scripta and Chrysemys
picta may have implications for other species and especially
similar-sized species that might be targets of conservation
programs. Agricultural activities used to promote game
species may impact nontarget species (this study and Saumure
and Bider, 1998). Such activities should be avoided by
conservation area managers where turtle conservation is an
important consideration.
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