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Diamondback terrapins (Malaclemys terrapin) are present in brackish water along 

the United States’ eastern coast, ranging from Massachusetts to Texas. The Florida east 

coast diamondback terrapin (M. t. tequesta) is the subspecies found in the Indian River 

Lagoon in southeast Florida. Very little is known about this subspecies, and not much 

hematological work has been done with diamondback terrapins in general. Hematology 

can provide further insight into terrapin health. Thus, the purpose of this study is to 

establish baseline hematological data for M. t. tequesta using blood protein electrophoresis 

and a basic reptile chemistry panel. Blood samples were drawn from wild diamondback 

terrapins and percent cell volume calculated. The samples were then centrifuged, frozen, 

and delivered to the University of Miami Miller School of Medicine for analysis. Results 

from this project were compared to values established in previous studies that were 

conducted with the subspecies M. t. terrapin and M. t. rhizophorarum. 
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INTRODUCTION 

Diamondback terrapins (Malaclemys terrapin) are brackish-water turtles that 

inhabit salt marsh and mangrove forests along the United States’ eastern coast. Their 

population spans over 5,000 kilometers along the Atlantic and Gulf coasts, ranging from 

Massachusetts to the Florida Keys and across the Gulf to southern Texas (Siegel 1980; 

Hart et al. 2014).  Diamondback terrapins have been categorized into seven distinct 

subspecies based primarily on phenotype. These subspecies are separated regionally, with 

divisions occurring in North Carolina at the Neuse River, Flagler County in Florida, 

Biscayne Bay, Collier/Lee County line in South Florida, Bay/Walton counties in the 

Florida Panhandle, and the Texas/Louisiana line (Hart et al. 2014; Suarez 2019). South 

Florida alone hosts three endemic subspecies of Malaclemys terrapin: the Florida east coast 

diamondback terrapin (M. t. tequesta), the Mangrove diamondback terrapin (M. t. 

rhizophorarum), and the Ornate diamondback terrapin (M. t. macrospilota) (Mealey et al. 

2014; Suarez 2019). The Florida east coast diamondback terrapin is found from Volusia 

County south to Biscayne Bay, including the Indian River Lagoon, and is distinguishable 

by their distinctive spotted pattern and gray-colored skin (Schwartz 1955; Baldwin et al. 

2005). Regrettably, there is a distinct lack of data on the various subspecies, with the 

majority of studies conducted primarily with the northern subspecies M. t. terrapin (Siegel 

1979, 1980). As a result, not much data has been collected on M. t. tequesta and information 

on the biology of this subspecies is lacking. 

 Diamondback terrapins show considerable sexual size dimorphism, with females 

growing substantially larger than males (Siegel 1984; Baldwin et al. 2005). The larger size 

of females may increase reproductive potential as clutch size and body size are positively 
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correlated (Siegel, 1984; Baldwin et al. 2005). However, larger males display no 

reproductive gain over smaller males, as there is virtually no male competition for mates 

in diamondback terrapins (Siegel 1984). The smaller size of male terrapins allows them to 

mature more quickly than females, which may result in higher lifetime reproductive 

success (Siegel 1984). Sexual maturity in diamondback terrapins is related to size. Both 

sexes’ growth is consistent for the first two years before it slows down for males once they 

reach maturity at ages two to three. The growth of female terrapins rapidly continues until 

they reach maturity at ages four to five (Siegel 1984, Baldwin et al. 2005).  

The nesting habitats of M. t. tequesta are unique when compared to the other 

subspecies. Diamondback terrapins prefer to nest on sand dunes or in areas where sand 

dunes previously existed. Due to extensive anthropogenic habitat destruction and coastal 

development, much of these natural nesting habitats can no longer be found along Florida’s 

east coast (Siegel 1979, 1980; Baldwin et al. 2005). Adapting to these changes, M. t. 

tequesta were found to nest predominantly on dike roads surrounding mosquito 

impoundments, mainly those close to lagoon waters (Siegel 1979, 1980). Throughout most 

of their range, terrapins inhabit salt marshes or mangrove swamps. However, construction 

of mosquito-control dikes, such as those lining the Indian River Lagoon where M. t. 

tequesta resides, have contributed to the decline of salt marsh habitat in this region. These 

impoundments are often hypersaline, leading to proliferation of salt-tolerant red mangrove 

(Rhizophora mangle) to the exclusion of black (Avicennia germinans) and white 

mangroves (Laguncularia racemose) (Feller et al. 2003; Doughty et al. 2017). A recent 

trend of subfreezing winters in southern Florida has also allowed for further expansion of 
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mangrove habitat (Cavanaugh et al. 2019). Along the Indian River Lagoon, diamondback 

terrapins use these heavily disturbed mangrove habitat.  

Unfortunately, terrapin populations have declined, possibly due to a multitude of 

factors including coastal development and pollution. During the late nineteenth and early 

twentieth centuries, diamondback terrapins were considered a gourmet delicacy, and 

exhaustive harvesting of terrapins as food items initially led to the extensive population 

decline (Baldwin et al. 2005; Dorcas et al. 2007; Hart et al. 2014). In 1880 alone, 3,000 

pounds of terrapins were exported from Florida’s east coast (True 1884). While the demand 

for terrapin meat has declined since the Prohibition and Great Depression, healthy 

population levels have yet to be reached (Parks 2019). The development of coastal 

properties has resulted in habitat loss while simultaneously restricting nesting areas for 

female terrapins, leading to diminished reproductive success (Baldwin et al. 2005). This is 

especially concerning since terrapins have high fidelity to their nesting sites, and urban 

coastal construction may lead to the destruction of entire breeding groups (Baldwin et al. 

2005; Dorcas et al. 2007; Mealey et al. 2014).  

Urban development has also led to increased artificial predation, with animals 

accustomed to urban habitats prospering and preying on terrapins and their eggs (Baldwin 

et al. 2005). Raccoons are a significant issue for terrapins, as they have no natural predators 

and urbanization has allowed them to prosper (Siegel 1980; Siegel 1993; Baldwin et al. 

2005). Due to racoon predation both on breeding adults and nests, racoons are able to 

eliminate local terrapin populations (Ner and Burke 2008). Pollution, particularly from 

chemical runoff, further destroys coastal habitats. Fertilizers and pesticides decrease water 
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quality and reduce resources while also poisoning terrapins as the chemicals settle in the 

body fat used for hibernation (Baldwin et al. 2005; Mealey et al. 2014).   

Crabbing and trapping from commercial and private fisheries are among the leading 

causes of the terrapin population decline (Siegel 1993; Baldwin et al. 2005; Dorcas et al. 

2007; Hart et al. 2014). Male terrapins and adolescents are more often trapped in crab pots 

set out by these fisheries, due to their smaller size, and the loss or abandonment of these 

pots leads to “ghost fishing” and drowning of terrapins (Roosenburg et al. 1997; Baldwin 

et al. 2005; Dorcas et al. 2007). Terrapin mortality due to crabbing results in older, female-

biased terrapin populations as males and young terrapins are eliminated; thus, longitudinal 

viability of the population is threatened (Roosenburg et al. 1997; Dorcas et al. 2007). The 

use of turtle excluder devices on crab traps have been shown to reduce terrapin mortality 

significantly (Butler and Heincrich 2007). A recent petition has asked the state of Florida 

to require the use of bycatch reduction devices on recreational and commercial crab pots 

(Bennett and Heinrich 2020).           

Concerns over terrapin populations led the Florida Fish and Wildlife Conservation 

Commission (FWC) to categorize the subspecies found in Florida as “imperiled taxa” 

(Siegel 1993; Baldwin et al. 2005). Diamondback terrapins are not federally protected in 

the United States despite being labeled as “Vulnerable” by the IUCN, which is equivalent 

to a “Threatened” designation under the Endangered Species Act (Roosenburg et al. 2019). 

Restrictions on possession and selling of diamondback terrapins have been implemented 

to protect the species from further decline. Unfortunately, terrapin populations are still at 

risk despite these regulations, with illegal harvest for pet trade being the most recent 

ongoing concern (Ariza 2020).  
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Researchers continue to study this species to develop long-term conservation 

strategies. Understanding the biology and ecology of diamondback terrapins is the first step 

in establishing effective conservation methods and bolstering declining populations. 

Studying the hematological chemistry of diamondback terrapins is an essential part of 

determining the species’ health. By establishing reference values for wild individuals, 

terrapins can be evaluated for any underlying health defects that would otherwise be missed 

in a simple physical examination. Blood samples can supply information about enzyme 

activity, red and white blood cell counts, electrolyte levels, and waste products, all of which 

can aid in creating beneficial conservation strategies (Aguirre and Balazs 2000; Werner 

2007). However, while blood chemistry analysis is an essential diagnostic tool for health 

assessments, there has been limited hematological research on diamondback terrapins, and 

none on M. t. tequesta. Therefore, the information gathered during this study will help 

establish blood chemistry reference values for M. t. tequesta that can help create baseline 

parameters for health assessment of this subspecies. These values can also be compared to 

hematological studies conducted on other subspecies and provide information on any 

differences between them. This project’s overarching goal is to further our understanding 

of M. t. tequesta and diamondback terrapins in general; this knowledge will be useful in 

developing future conservation measures for both the M. t. tequesta subspecies and the 

species statewide.  
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MATERIALS AND METHODS 

Study Site—The diamondback terrapins (Malaclemys terrapin) used in this study 

were found on the shore of the Indian River Lagoon on a property owned by the Indian 

River Land Trust (the study site’s exact location has been omitted to protect the 

population). This site is near Vero Beach, with the southern portion of the site used as a 

mosquito-control impoundment and the northern portion preserved as a natural mangrove 

swamp. This preserve contains numerous shallow pools that connect to the rest of the 

lagoon, and terrapins were first discovered on this property in 2016.  

Trapping and Sample Collection—This research was conducted under FAU 

IACUC protocol #A19-10 and Florida FWC Scentific permit #LSSC-19-00043 under the 

supervision of Dr. Jon Moore and Jeffrey Herr. Samples were collected from August to 

November 2019 and from March to July 2020. Terrapins were captured either with 

modified crab traps or by hand and evaluated for body condition. The puncture site was 

sanitized with betadine followed by alcohol. Blood samples collected in 2019 were 

collected using a previous procedure that is no longer in use. Sixteen samples of 1-5 mL 

were taken from the subcarapacial vein using a 3-mL 22G (0.7 x 25 mm) Luer-LokTM Latex 

Free Syringe with PrecisionGlideTM needle. The samples were then stored in sterile BD 

Vacutainer® lithium heparin vials, wrapped in a towel, and placed on ice packs in a cooler 

before they were transferred to a refrigerator. Each vial was labeled with the equivalent 

terrapin identification number and whether the terrapin was recaptured. The samples 

collected in 2019 were not used in this study due to sampling and storage issues. 

In 2020, a new procedure was implemented for blood collection to minimize 

hemolysis. The 2019 process was modified after personal communication with Dr. Carolyn 
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Cray (University of Miami) and Dr. Leigh Clayton (Animal Behavior Consultants of the 

Chesapeake). MiniCollect® 0.8 mL lithium heparin vials with gel separators were used, 

and the needle was removed from the syringe before gently expelling blood into the vial. 

Samples were wrapped in a towel and stored on ice packs for transport to the lab, processed, 

and frozen in a -80℃ freezer on the same day as collection. Thirteen samples were 

collected in 2020.  

Blood Analysis—Percent hematocrit, or packed cell volume (PCV), and hemolysis 

were determined for each of the samples. Small, non-heparinized capillary tubes with both 

ends open were used to draw blood from each vial. One open end of the capillary tube was 

sealed with Critoseal clay before the tubes were placed in an LLW Scientific, Inc. ZO-1 

centrifuge. The capillary tubes were spun at 11,000 RPM for five minutes, and serum color 

was examined for degree of hemolysis as described by Lauren Freemont (2017). Each tube 

was placed on a PCV reader, and the level of the packed red blood cells was divided by the 

level of the serum then multiplied by 100% to give the PCV. Samples under 15% 

hematocrit were considered lymph contaminated and excluded from analysis. Eight viable 

samples were kept, as well as one lymph contaminated sample (T16-2). A total of nine 

samples were used for analysis. 

The same nine samples contained in the heparinized vials were placed in a Fischer 

Scientific Centrific 228 centrifuge and spun down at 3,400 RPM for five minutes. The 

serum was pipetted from the vials and placed in a 2-mL cryovial, each labeled with the 

corresponding terrapin identification number. The amount of serum in each vial differed 

due to the amount of serum available from each blood sample and the minimum 

recommended amount needed for analysis by the University of Miami. Serum samples 
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were placed into a -80˚C freezer until packaged in dry ice and delivered to the University 

of Miami Miller School of Medicine for analysis. A reptile chemistry panel and protein 

electrophoresis were completed by the University of Miami’s Division of Comparative 

Pathology. 

All statistics calculated for this study were generated in R (R Core Team 2014) and 

figures were created using the package ‘ggplot2’ (Wickham 2009). The mean, range, and 

standard deviation was calculated for each test conducted on the blood samples used in the 

chemistry panel and protein electrophoresis, as well as the mean and standard deviation 

based on sex. Results from the chemistry panel and protein electrophoresis were compared 

to the subspecies M. t. terrapin and M. t. rhizophorarum (Werner 2007; Mealey et al. 2014). 

Correlations between hematocrit and salinity at point of capture and blood parameters were 

calculated using Pearson’s product-moment correlation test.  
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RESULTS 

Trapping and Sample Collection—Nineteen terrapins were captured in 2019 in the 

southern region of the study site: fifteen new individuals (eleven males and five females) 

and four recaptures. Fifteen terrapins were captured during the spring and summer of 2020: 

nine new individuals (seven females and four males) and six recaptures. Blood was 

successfully drawn from seventeen of the terrapins captured in 2019, but due to sampling 

and storage issues, these samples could not be used for analysis. Blood was drawn from all 

fifteen terrapins captured in 2020, resulting in thirteen useable samples. Of these, nine 

samples were sent to be analyzed by the University of Miami.  

         Blood Analysis—A blood chemistry panel (Table 1) and protein electrophoresis 

(Table 2) were conducted for each of these nine samples. Serum chemistry test values are 

given as mean, standard deviation, and range (Table 3). The mean value for alkaline 

phosphatase was 313.6 U/L (±210.4 SD), with a range of 116.0-686.0 U/L. Aspartate 

aminotransferase (AST) had a mean value of 397.0 U/L (±353.5 SD) with a range of 162.0-

1250 U/L. Creatine phosphokinase (CPK) had a mean value of 14035 U/L (±9927 SD) 

with a range of 1978-25804 U/L; CPK values for terrapin 17 were omitted due to 

processing errors. The mean value for calcium was 11.6 mg/dL (± 1.657 SD) with a range 

9.90-15.2 mg/dL. The mean value for phosphorus was 4.575 mg/dL (±1.044 SD) with a 

range of 3.30-5.80 mg/dL. The calcium/phosphorus (Ca/Phos) ratio had a mean value of 

2.638 (±0.6675 SD) and a range of 1.70-3.70. The mean value for chloride was 119.9 

mmol/L (±16.30 SD) with a range of 105-156 mmol/L. All values for gamma-glutamyl 

transferase (GGT) were found to be less than 5 U/L. The mean value for glucose was 126.1 

mg/dL (±27.43 SD) with a range of 87.0-166 mg/dL. The mean value for potassium was 
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4.338 mmol/L (±0.571 SD) with a range of 3.70-5.60 mmol/L. The mean value for sodium 

146.1 mmol/L (±12.83 SD) with a range of 130-172 mmol/L. Total protein had a mean 

value of 3.112 g/dL (±0.629 SD) and a range of 2.50-4.30 g/dL. The mean value for 

triglycerides was 103.1 mg/dL (±93.39 SD) and a range of 28.0-303 mg/dL. Uric acid had 

a mean value of 1.913 mg/dL (±1.047 SD) and a range of 0.90-4.10 mg/dL.  

         Protein electrophoresis test values are given as mean, standard deviation, and range 

(Table 4). The albumin/globulin (A/G) ratio had a mean value of 0.656 (±0.130 SD) with 

a range of 0.490-0.840. The mean value for pre-albumin was 0.603 g/dL (±0.255 SD) with 

a range of 0.010-0.800 g/dL. The mean value of albumin was 0.564 g/dL (±0.148 SD) with 

a range of 0.330-0.810 g/dL. The mean value of alpha 1 globulins was 0.116 g/dL (±0.028 

SD) with a range of 0.080-0.160 g/dL. Alpha 2 globulins had a mean value of 0.508 g/dL 

(±0.183 SD) and a range of 0.210-0.780 g/dL. Beta globulins had a mean value of 0.598 

g/dL (±0.165 SD) and a range of 0.410-0.930 g/dL. The mean of gamma globulins was 

0.685 g/dL (±0.192 SD) with a range of 0.490-1.080 g/dL.  

         While the sample size was too small to perform statistical analysis, the mean values 

of parameters found across studies on M. t. terrapin, M. t. rhizophorarum, and M. t. 

tequesta were compared (Werner 2007; Mealey et al. 2014). Average serum values for 

phosphorus (Fig. 3), uric acid (Fig. 5), calcium (Fig. 7), and sodium (Fig. 8) in M. t. 

tequesta fell within the parameters of M. t. terrapin and M. t. rhizophorarum (Werner 2007; 

Mealey et al. 2014).  The average M. t. tequesta values for glucose (Fig. 2), chloride (Fig. 

10), AST (Fig. 11), and CPK (Fig. 12) were higher than those seen in M. t. terrapin and M. 

t. rhizophorarum (Werner 2007; Mealey et al. 2014). The mean values for total protein 

(Fig. 4), albumin (Fig. 6), and potassium (Fig. 9) found in M. t. tequesta were lower when 
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compared to M. t. terrapin and M. t. rhizophorarum (Werner 2007; Mealey et al. 2014). 

Blood chemistry values also were separated by sex and the mean and standard deviation 

were given for each test (Table 5). Salinity levels at time of capture and hematocrit values 

for the 2019 season and the 2020 season were given (Table 6).  

         Correlation between salinity and the serum chemistry/protein electrophoresis tests 

conducted was calculated using Pearson’s product-moment correlation test (ɑ = 0.05). 

Hematocrit and salinity were found to be moderately positively correlated, r(21) = .45, p = 

.03. Total protein and salinity were found to be strongly positively correlated, r(4) = .82, p 

= .045. Albumin and salinity were found to be strongly positively correlated, r(4) = .84, p 

= .037. Alpha 2 globulins and salinity were found to be strongly positively correlated, r(4) 

= .94, p = .0056.  
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DISCUSSION 

One of the most prevalent issues that occurred during this study was lymph 

contamination in the blood samples. Diamondback terrapins (Malaclemys terrapin) have 

an extensive lymphatic system near superficial veins, which may result in lymph diluting 

the blood sample and leading to inaccurate hematocrit and serum chemistry values (Werner 

and Lindley 2005; Mans 2008). Lymph contaminated blood samples often look watered-

down or lighter in color instead of the deep red color characterized by normal blood 

(Werner and Lindley 2005; Mans 2008). Known lymph contaminated samples had 

substantially lower hematocrit values than uncontaminated samples. Two blood samples 

were drawn from terrapin 16 (T16 and T16-2), one of which was lymph contaminated while 

the other was not. The lymph contaminated sample (T16-2) had a hematocrit value of 12% 

while the uncontaminated sample (T16) had a hematocrit value of 24%. These observations 

corroborate Werner’s results, as he also found that lymph contaminated blood altered 

hematocrit values. Lymph diluted blood samples can negatively affect serum chemistry 

values (Werner and Lindley 2005), making it difficult to properly assess the health of M. t. 

tequesta, especially since there are no established hematological reference values for this 

subspecies.  

         All blood samples drawn in this study were taken from the subcarapacial venous 

sinus (Fig. 1), which is located where the cervical vertebrae and the shell meet (Mans 

2008). This venipuncture site is mainly used for uncooperative or smaller chelonian 

species, but there is an increased risk of lymph contamination associated with this site due 

to its close proximity to the lymphatic system (Mans 2008). For diamondback terrapins, 

blood samples taken from a large vein not nearby lymphatic vessels will provide the best 
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results; the jugular vein and the femoral vein are two possible venipuncture sites that can 

be used to reduce the risk of lymph dilution, though they are more difficult to access 

(Werner and Lindley 2005; Mans 2008). Future studies on this species should consider the 

use of an alternative venipuncture site that provides more consistent uncontaminated 

samples. 

         We encountered extensive hemolysis in our blood samples, which was attributed to 

both improper collection and storage of blood samples. When collecting blood, drawing 

too quickly or needles mismatched to syringe size could result in excessive pressure which 

could lead to cell lysis; multiple sticks to the venipuncture site can also lead to vessel 

damage which may result in hemolysis (Leigh Clayton, personal communication). For the 

2019 season, blood was pushed into the vials through the needle, which led to cell trauma 

and severe hemolysis in our samples. The heparin vials used were also expired and resulted 

in coagulation in some of the samples. To prevent excessive hemolysis in future samples, 

new pediatric heparin vials with gel separators were used, and blood was gently expelled 

into these tubes after removing the needle from the syringe (Leigh Clayton, personal 

communication). The new vials allowed us to easily separate the serum from whole blood 

after centrifugation without the threat of contaminating the serum.  

One of the biggest causes of hemolysis was post-handling and processing of the 

samples. The first set of samples drawn in 2019 was left in a refrigerator for months before 

they were processed, and may have frozen and thawed during this time, which resulted in 

further hemolysis. Both Dr. Cray and Dr. Clayton recommended wrapping the samples in 

a towel when placed in the cooler for transport to prevent direct contact with the ice, which 

could cause cell trauma. Centrifugation and freezing of serum immediately after sampling, 



14 
 

as well as maintaining a consistent schedule during processing, was highly recommended 

to minimize negative influences on our blood (Carolyn Cray, personal communication). 

Blood collected in 2020 following this new procedure showed considerably less hemolysis 

and coagulation, resulting in higher quality samples for analysis.   

Plasma makes up 60-80% of blood volume (Dessauer et al. 1970), and plasma 

chemistry analysis measures naturally occurring, ions, enzymes, and compounds in the 

blood that are a result of metabolic and physiologic processes (Mealey et al. 2014). Serum 

protein electrophoresis is the current technique used in veterinary medicine to determine 

dysproteinemias and monitor specific diseases (Andreani et al. 2014). Both serum 

chemistry analysis and protein electrophoresis are useful tools for evaluating the health of 

natural wildlife if sufficient baseline values are given (Aguirre and Balazs 2000; Deem et 

al. 2009; Fiorucci et al. 2013). 

Blood chemistry (Table 1) and protein electrophoresis results (Table 2) were given 

by the University of Miami Comparative Pathology Department. The mean, range, and 

standard deviation was calculated for each serum (Table 3) and protein electrophoresis test 

(Table 4) conducted on the serum samples. Chemistry and protein electrophoresis values 

from each test were separated by sex, with the mean and standard deviation reported for 

both male and female terrapins (Table 5). Using these values, we hope to establish a 

hematological guideline for M. t. tequesta that can be referenced in the future when 

analyzing the health of the subspecies, as results from this study could possibly be used as 

health indicators of M. t. tequesta populations. Comparative studies between healthy and 

diseased terrapins can aid in the management and conservation of the species as a whole 

(Aguirre and Balazs 2000). It is important to note that this is a preliminary study and further 
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research with increased sample sizes will be necessary to establish an accurate 

hematological baseline for M. t. tequesta and form concrete conclusions about the 

population. 

         Due to a small sample size, a statistical analysis comparing data between the 

different subspecies of diamondback terrapins could not be performed. The mean and 

standard deviation found in studies between M. t. terrapin (Werner 2007), M. t. 

rhizophorarum (Mealey et al. 2014), and M. t. tequesta were compared when the same 

serum parameters were present across all three studies. The majority of research conducted 

with diamondback terrapins has been with M. t. terrapin, so the majority of hematological 

data on terrapins comes from this subspecies. M. t. rhizophorarum live in a habitat most 

similar to the Indian River Lagoon and hematological data from this particular subspecies 

may share some commonalities with M. t. tequesta. By comparing serum chemistry results 

between these three subspecies, baseline hematological reference values could be 

established for M. t. tequesta.   

Blood chemistry for certain tests had large ranges and lack of data on normal 

biochemical parameters for M. t. tequesta makes interpretation of these results difficult. 

Small sample size could have resulted in such fluctuations, so future research with an 

augmented sample size will give more accurate results. Both AST (Fig. 11) and CPK (Fig. 

12) had higher averages and larger standard deviations compared to other subspecies. 

However, since statistical analysis could not be performed, it is unclear whether these 

differences are significant. AST is not specific to any organ and is found in all body tissues, 

while CPK is mainly found in skeletal and cardiac muscle (Werner 2007). The CPK value 

for T17 was beyond the range of the analyzer used and multiple dilutions were performed 
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to obtain a result; however, this result is most likely inaccurate, so it was omitted from 

analysis as to not skew the data. Errors during blood collection, such as causing tissue 

damage when exploring for a vein, could have caused these two enzymes to be released 

into the blood and contaminate the samples (Werner 2007).  

Glucose (Fig. 2) levels in M. t. tequesta also had a higher average than values found 

in M. t. terrapin and M.t. rhizophorarum. It is speculated that glucose levels are related to 

reproductive activity in chelonians, but they are still not completely understood (Werner 

2007), and normal glucose ranges for M. t. tequesta have yet to be determined; as such, 

interpreting this data is difficult. Small sample sizes could have affected these results, so 

more research is required to form significant conclusions. The average uric acid value (Fig. 

5) for M. t. tequesta fell between the parameters of M.t. terrapin and M.t. rhizophorarum, 

but again it is unclear whether there are any significant differences between these values. 

Uric acid usually increases after feeding as it is the end product of protein and purine 

metabolism (Werner 2007). However, using uric acid as a health indicator for renal failure 

is difficult since it is affected by other variables (Werner 2007).  

Increased calcium and phosphorus levels have been reported in ovulatory 

chelonians, but these values decreased as the nesting season progressed and may be related 

to egg production (Werner 2007). Female reptiles possess higher protein values than males, 

as estrogen has shown to increase plasma protein levels (Werner 2007). Average calcium 

and phosphorus levels were higher in female terrapins, but since statistical analyses could 

not be done, it is unclear whether these differences are significant. Increased sample size 

in the future may yield better results.  
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Seasonal and temperature changes in the environment can have extreme effects on 

biochemical and osmoregulatory processes in terrapins that necessitate physiological 

changes to combat dehydration from water loss and salt accumulation (Harden et al. 2015, 

2018). Diamondback terrapins are uniquely capable of living in habitats where the salinity 

ranges from 11 to full-strength seawater, using counteractive measures to maintain osmotic 

pressure about one-third to one-half of the surrounding water (Harden et al. 2015, 2018).  

A moderately positive correlation between salinity and hematocrit was found for 

M. t. tequesta. This result is consistent with a previous study by Gilles-Baillien (1973), 

who found that diamondback terrapins kept in seawater always have significantly higher 

hematocrit values than when kept in freshwater, regardless of the season. Attention to 

seasonality and environmental fluctuations can be given to blood samples collected in the 

future.  

A strong positive correlation was found between salinity and albumin, total protein, 

and alpha-2 globulins. So far, no sources have referenced this correlation so this may be a 

novel observation for M. t. tequesta. Future research conducted with a larger sample size 

may lead to additional observations between salinity and protein levels in M. t. tequesta. 
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TABLES 

Table 1: Blood chemistry panels with hemolysis index, lipemia index, ALP, AST, CPK, 
Ca, P, Ca/P ratio 

Terrapin Hemolysis 
Index 

Lipemia 
Index 

Alkaline 
Phosphatase 

(U/L) 

AST1 
(U/L) 

CPK2 
(U/L) 

Calcium 
(mg/dL) 

Phosphorus 
(mg/dL) 

Ca/Phos 
Ratio 

T16 0 0 179 208 1978 12.1 3.30 3.70 
T16-2 0 0 128 162 1546 10.7 2.70 4.00 
T17* 0 0 261 1250 > 1600 11.3 5.80 1.90 
T18 0 0 346 363 15385 15.2 5.40 2.80 
T19 0 0 116 258 5016 11.8 4.30 2.70 
T20 0 0 201 335 25504 11.4 3.70 3.10 
T22 0 0 144 238 25804 10.2 3.40 3.00 
T10-R1 0 0 686 360 18859 9.90 5.80 1.70 
T10-R2 0 0 576 162 5701 10.6 4.90 2.20 
*For CPK, this sample exhibited reactivity greater than the dynamic range of the analyzer. Multiple dilutions were performed and a 
final result could not be obtained. This result is extrapolated from the dilution factor and is likely not accurate. Thus, this sample will be 
omitted from analysis.           

1Aspartate aminotransferase 
2Creatine phosphokinase    

 

 

Table 1: Blood chemistry panels cont. with Cl, GGT, glucose, K, Na, TP, triglycerides, 
and uric acid 

Terrapin Chloride 
(mmol/L) 

GGT3 
(U/L) 

Glucose 
(mg/dL) 

Potassium 
(mmol/L) 

Sodium 
(mmol/L) 

Total 
Protein 
(g/dL) 

Triglycerides 
(mg/dL) 

Uric 
Acid 

(mg/dL) 

T16 108 < 5 157 4.00 135 3.00 303 1.30 
T16-2 110 < 5 128 3.70 136 2.10 194 0.800 
T17 121 < 5 131 5.60 150 4.30 58.0 4.10 
T18 156 < 5 131 4.50 172 3.80 169 2.80 
T19 105 < 5 166 3.70 130 2.80 43.0 1.40 
T20 128 < 5 87.0 4.40 150 3.00 106 1.80 
T22 112 < 5 98.0 4.00 141 2.50 28.0 0.900 
T10-R1 116 < 5 131 4.20 150 3.00 31.0 1.70 
T10-R2 113 < 5 108 4.30 141 2.50 87.0 1.30 

3Gamma-glutamyl transferase 
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Table 2: Protein electrophoresis with TP, A/G ratio, pre-albumin, albumin, alpha 1 and 2 
globulins, beta globulins, and gamma globulins 

Terrapin Total 
Protein 
(g/dL) 

A/G 
Ratio 

Pre-
Albumin 

(g/dL) 

Albumin 
(g/dL) 

Alpha 1 
Globulins 

(g/dL) 

Alpha 2 
Globulins 

(g/dL) 

Beta 
Globulins 

(g/dL) 

Gamma 
Globulins 

(g/dL) 

T16 3.00 0.67 0.56 0.65 0.10 0.60 0.50 0.61 
T16-2 2.10 0.67 0.42 0.42 0.06 0.33 0.43 0.43 
T17 4.30 0.49 0.79 0.68 0.11 0.78 0.93 1.08 
T18 3.80 0.69 0.74 0.81 0.14 0.62 0.65 0.85 
T19 2.80 0.52 0.01 0.50 0.09 0.57 0.69 0.49 
T20 3.00 0.64 0.69 0.48 0.11 0.56 0.53 0.63 
T22 2.50 0.57 0.58 0.33 0.08 0.36 0.61 0.54 
T10-R1 3.00 0.84 0.80 0.57 0.14 0.36 0.46 0.68 
T10-R2 2.50 0.83 0.65 0.49 0.16 0.21 0.41 0.60 

 
 
 
 
Table 3: Blood chemistry range, mean, and standard deviation 

Test Range Mean SD Units 

Alkaline Phosphatase 116–686 314 210 U/L 
AST 162–1250 397 352 U/L 
CPK* 1978–25804 14035 9927 U/L 
Calcium 9.90–15.2 11.6 1.66 mg/dL 
Phosphorus 3.30–5.80 4.58 1.04 mg/dL 
Ca/Phos Ratio 1.70–3.70 2.64 0.67 – 
Chloride 105–156 120 16.3 mmol/L 
GGT < 5 –  –  U/L 
Glucose 87.0–166 126. 27.4 mg/dL 
Potassium 3.70–5.60 4.34 0.571 mmol/dL 
Sodium 130–172 146 12.8 mmol/dL 
Total Protein 2.50–4.30 3.11 0.629 g/dL 
Triglycerides 28.0–303 103 93.4 mg/dL 
Uric Acid 0.900–4.10 1.91 1.05 mg/dL 

*CPK values for T17 were omitted from analysis due to processing issues. 
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Table 4: Protein electrophoresis range, mean, and standard deviation 

Test Range Mean SD Units 

Total Protein 2.50–4.30 3.110 0.629 g/dL 
A/G Ratio 0.490–0.840 0.656 0.130 – 
Pre-Albumin 0.010–0.800 0.603 0.255 g/dL 
Albumin 0.330–0.810 0.564 0.148 g/dL 
Alpha 1 Globulins 0.080–0.160 0.116 0.028 g/dL 
Alpha 2 Globulins 0.210–0.780 0.508 0.183 g/dL 
Beta Globulins 0.410–0.930 0.598 0.165 g/dL 
Gamma Globulins 0.490–1.08 0.685 0.192 g/dL 

 

 

Table 5: Blood chemistry values separated by sex 

                Male                   Female 
Test Mean SD Mean SD Units 

Alkaline Phosphatase 172.5 40.31 360.7 225.9 U/L 
AST 286.5 68.59 433.5 408.0 U/L 
CPK 25654 212.1 9388 7302 U/L 
Calcium 10.80 0.849 11.82 1.841 mg/dL 
Phosphorus 3.550 0.2121 4.917 0.979 mg/dL 
Ca/Phos Ratio 3.050 0.071 2.500 0.729 – 
Chloride 120.0 11.31 119.8 18.61 mmol/L 
GGT – – – – U/L 
Glucose 92.50 7.778 137.3 20.93 mg/dL 
Potassium 4.200 0.283 4.383 0.655 mmol/dL 
Sodium 145.5 6.364 146.3 14.90 mmol/dL 
Triglycerides 67.00 55.15 115.2 104.4 mg/dL 
Uric Acid 1.350 0.637 2.100 1.133 mg/dL 
Total Protein 2.750 0.354 2.322 0.677 g/dL 
A/G Ratio 0.605 0.049 0.673 0.148 – 
Pre-Albumin 0.635 0.078 0.592 0.299 g/dL 
Albumin 0.405 0.106 0.617 0.122 g/dL 
Alpha 1 Globulins 0.095 0.021 0.123 0.027 g/dL 
Alpha 2 Globulins 0.460 0.141 0.523 0.204 g/dL 
Beta Globulins 0.570 0.057 0.607 0.192 g/dL 
Gamma Globulins 0.585 0.064 0.718 0.213 g/dL 



21 
 

Table 6: Hematocrit and salinity values for 2019 and 2020 blood samples 

2019 2020 
Terrapin Salinity Hematocrit Terrapin Salinity Hematocrit 

T1 11 0.09 T10R1 27 0.26 
T2 11 0.13 T10R2 17 0.32 

T2R1 18 0.24 T16 38 0.35 
T3 12 0.22 T16-2 37 0.26 
T4 17 0.20 T17 – 0.18 
T5 28 0.15 T18 30 0.32 
T6 28 0.25 T19 – 0.18 
T7 17 0.18 T20 16 0.19 

T7R1 17 0.20 T22 17 0.18 
T8 – 0.22 T23 17 0.06 
T9 17 0.20 T24 15 0.11 

T9R1 17 0.24    
T10 – 0.32    
T11 27 0.23    
T13 28 0.22    
T14 37 0.12    
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FIGURES 
 

 

 
Figure 1: Blood draw from subcarapacial venous sinus by Jeffrey Herr 

 

 
Figure 2: Mean and standard deviation of glucose (mg/dL) for M. t. rhizophorarum, M. t. tequesta, and M. t. 
terrapin 
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Figure 3: Mean and standard deviation of phosphorus (mg/dL) for M. t. rhizophorarum, M. t. tequesta, and 
M. t. terrapin 

 
Figure 4: Mean and standard of total protein (g/dL) for M. t. rhizophorarum, M. t. tequesta, and M. t. terrapin 
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Figure 5: Mean and standard deviation of uric acid (mg/dL) for M. t. rhizophorarum, M. t. tequesta, and M. t. 
terrapin 

 

Figure 6: Mean and standard deviation of albumin (g/dL)  for M. t. rhizophorarum, M. t. tequesta, and M. t. 
terrapin 
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Figure 7: Mean and standard deviation of calcium (mg/dL) for M. t. rhizophorarum, M. t. tequesta, and M. t. 
terrapin 

 
Figure 8: Mean and standard deviation of sodium (mmol/L) for M. t. rhizophorarum, M. t. tequesta, and M. t. 
terrapin 

 
 



26 
 

 
Figure 9: Mean and standard deviation of potassium (mmol/L) for M. t. rhizophorarum, M. t. tequesta, and 
M. t. terrapin 

 
Figure 10: Mean and standard deviation of chloride (mmol/L) for M. t. rhizophorarum, M. t. tequesta, and M. 
t. terrapin 
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Figure 11: Mean and standard deviation of aspartate aminotransferase (AST) (U/L) for M. t. rhizophorarum, 
M. t. tequesta, and M. t. terrapin 

 

 

Figure 12: Mean and standard deviation of creatine phosphokinase (CPK) (U/L) for M. t. rhizophorarum, M. 
t. tequesta, and M. t. terrapin 
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