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Abstract
Serum protein electrophoresis (EPH) is used to assess relative
concentrations of blood proteins in clinical and biological studies.
Serum EPH fractions have been determined for elasmobranchs using
mammalian albumin, alpha 1-, alpha 2-, beta-, and gamma-globulin
fractions, and have been deemed fractions 1 through 5, respectively.
However, serum EPH fraction concentration reference intervals
(RIs) have not been widely established for different elasmobranch
species. In this study, RIs for fractions 1 through 5 were determined
from 45 wild-caught Nurse Sharks Ginglymostoma cirratum (27
females and 23 males) in South Florida. Serum samples were isolated
from whole blood following caudal venipuncture. Body condition was
also measured in the ﬁeld to assess the relative health of the individuals sampled. There was no relationship between body condition and
serum EPH fraction concentrations. In addition, there was no difference in body condition or serum EPH fraction concentrations
between females and males. Total solids and total protein values
were signiﬁcantly different (P < 0.001). Nurse Shark serum EPH
fraction 1 was found within the mammalian albumin migrating band
distance and was negligible. Fraction 2 showed no peak in the mammalian alpha 1-globulin range. A thin, medium peak in the mammalian alpha 2-globulin range represented fraction 3. In the

mammalian beta-globulin range, fraction 4 consisted of the majority
of protein observed. It was represented by a smooth, broad peak. A
short, medium broad peak in the mammalian gamma-globulin range
represented fraction 5. The Nurse Shark serum EPH fraction RIs
provided in this study may be utilized to clinically evaluate the health
of Nurse Sharks in captivity and in the wild, and to compare the
health of their populations around the world experiencing various
anthropogenic stressors and other environmental impacts.

Peripheral blood proteins carry out many critical biological functions for vertebrates. The relative concentrations of these proteins can be used as proxies for health
parameters in clinical settings and as a research tool (Jain
et al. 2011). Serum protein electrophoresis (EPH) is one
tool that can be used to evaluate proteins based on their
migration characteristics (Eckersall 2008). Previous studies
focusing on elasmobranch proteins using agarose gel electrophoresis platforms have shown that ﬁve fractions of
blood proteins are present. These fractions are based on
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mammalian protein migration characteristics: albumin,
alpha 1-, alpha 2-, beta-, and gamma-globulins, respectively (Haman et al. 2012; Cray et al. 2015).
Species-speciﬁc serum EPH fraction concentration reference intervals (RIs) are important for understanding
protein parameters and how electrophoretic patterns correspond to healthy and abnormal individuals (Haman et al.
2012). Healthy individuals are expected to have EPH values comparable to an established RI; therefore, individual
sharks whose health may be compromised can be identiﬁed in captive settings (e.g., exhibits and research facilities) and in the wild. Reference intervals can facilitate the
monitoring of individual and population health that could
be affected by different biotic and abiotic factors, such as
population density, prey abundance, water temperature,
overﬁshing, pollution in urban areas, or other anthropogenic stressors (Morgan and Burgess 2007; Schlaff et al.
2014). Population health evaluations can provide insight
about habitat quality, which in turn may highlight areas
of concern (Deem et al. 2001).
Elasmobranch serum EPH fraction concentration RIs
have yet to be widely determined, as this taxonomic group
is underrepresented in clinical literature (Harms et al.
2002; Cain et al. 2004; Ferreira et al. 2010; Haman et al.
2012; Persky et al. 2012; Krol et al. 2014; Cray et al. 2015;
Cusack et al. 2016; Hyatt et al. 2016). To establish RIs,
blood must be collected from 120 individuals within a species as recommended by the American Society for Veterinary Clinical Pathology. Alternatively, when sample sizes
are smaller, reference ranges can be calculated (Friedrichs
et al. 2011).
Total protein (TP) and total solids (TS) are two metrics
in serum that can be used to determine EPH fractions.
Total protein is a measurement of the total concentration
of protein, whereas total solids measures the refractive
index of the sample. Proteins are responsible for much of
the refractive index when compared with other blood constituents, so TS is often used as an estimate of TP. However, since TS includes other nonprotein solids (e.g., urea,
triglycerides, and cholesterol), its values are expected to be
higher than TP (by approximately 2 g/dL) so modern
refractometers are calibrated to reﬂect this difference
(Hunsaker et al. 2016). In elasmobranchs, nonprotein
solids in serum (especially urea: Hammerschlag 2006) may
be signiﬁcantly higher than in other vertebrate groups.
Urea has been shown to signiﬁcantly increase the measure
of total protein by refractometry in other groups (Legendre et al. 2017). Here, TP and TS were compared to determine what impact their differences may have on serum
EPH fraction concentration RIs.
When investigating an individual animal's EPH fraction
concentration, the sample should be compared with an RI
that has been determined from a healthy, representative
population, either in a captive or wild setting. Health

assessments can be performed by examining individuals for
any lesions and assessing their body condition score via
morphometrics, which typically reﬂect their energy stores
and can inﬂuence their success in life-history events (Gallagher et al. 2014b; Irschick and Hammerschlag 2015). In
this study, physical exams were conducted and body conditions were assessed to ensure that the baseline EPH RI
provided was representative of a healthy population.
The Nurse Shark Ginglymostoma cirratum is a hardy
species that is common to Florida and the Caribbean, and
it also has a wide distribution across the Atlantic Ocean.
Nurse Sharks are found in tropical to subtropical waters
and feed on benthic ﬁsh and crustaceans. This species is
listed as “data deﬁcient” on the International Union for
Conservation of Nature's Red List, due to a lack of
knowledge about their migratory behaviors and gene ﬂow
between different populations (Rosa et al. 2006). In South
Florida, Nurse Sharks are subjected to many anthropogenic stressors including hurricanes and an increasingly
urbanized environment, which could impact resident populations. The objective of the current study was to provide
baseline serum EPH fraction concentration RIs for Nurse
Sharks within the Miami area of South Florida to assist
in population health monitoring.
METHODS
A total of 45 mature Nurse Sharks (21 males and 24
females) were caught off the coast of Miami, Florida.
Sampling occurred from 2014 to 2017, across both wet
and dry seasons. Individuals were targeted using a circlehook drumline system (Gallagher et al. 2014a). Once
caught, Nurse Sharks were brought onto a slightly submerged platform and manually restrained for the duration of data collection. No ventilation pump system was
used, as Nurse Sharks are capable of buccal pumping.
Only individuals in good health were used in this study,
as determined by a visual assessment for lesions, body
condition, and behavior considered typical for this
species.
The following morphometrics were taken from 38 individuals to calculate body condition (C): precaudal length
(PCL), fork length (FL), total length (TL), lateral span
(LS), frontal span (FS), proximal span (PS), and caudal
keel circumference (CKC) (Gallagher et al. 2014b). Body
condition was deﬁned as follows: C = Σ(LS + FS + PS +
CKC)/(PCL) (Gallagher et al. 2014b).
Blood was sampled from the caudal vein via an 18-gauge,
3-in hypodermic needle. A total of 10 mL of whole blood
was collected. A sterile, 15-mL Falcon tube of approximately 5 mL whole blood was placed directly on ice and
allowed to clot. Most samples were processed within 3–5 h,
with some samples extending to 8 h depending on boat ﬁeld
logistics. The clotted samples were centrifuged at 400 × g for
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10 min. The serum was then aspirated to a new tube and the
pellet was discarded. This process was then repeated. The
remaining serum was kept at −20°C until electrophoresis
was performed, typically within 3 months of collection.
Samples were analyzed using a SPIFE 3000 electrophoresis analysis system following the manufacturer's
instructions (Helena Laboratories, Beaumont, Texas; Cray
et al. 2011). Fraction delimits, referred to as fractions 1–5
and based on mammalian albumin, alpha 1-, alpha 2-,
beta-, and gamma-globulin migration characteristics, were
determined (Cray et al. 2015). The TP was determined by
the biuret method (Pierce BCA assay; Gornall et al. 1949).
The TS was determined with a nontemperature compensated refractometer (Schuco, Japan; Cray et al. 2015).
Data were analyzed for normality using the Shapiro-Wilk
test. Since the majority of the fractions were not normally
distributed, nonparametric tests were used throughout the
analysis. The Spearman test was used to analyze correlations
between parameters. A paired two-tailed t-test was used to
compare TS and TP. Reference limits were established (n =
45) by non-Gaussian methods with 90% CI by current
American Society for Veterinary Clinical Pathology guidelines (Friedrichs et al. 2012). All statistical analyses were conducted using R (version 3.4.1), MATLAB (version R2017a),
and Microsoft Excel (version 16.23).
RESULTS
The TL of the sampled sharks ranged from 154 to 289
cm, with a mean ± SD of 230 ± 28.8 cm (Table 1). Body
condition indices ranged from 0.78 to 1.38, with a mean
of 1.11 (Table 1). The seven sharks whose body condition
could not be calculated (due to a lack of span measurements) appeared to have similar body conditions and
behaviors to the other individuals sampled.
Serum samples from 45 sharks were subjected to electrophoresis. Mild hemolysis occurred in a few of the
serum samples. Protein electrophoresis fraction concentrations were deﬁned, as shown in Table 2 (Cray et al. 2015;

Hyatt et al. 2016). A minor band was identiﬁed within the
mammalian albumin fraction migrating distance (fraction
1). A small, sloped increase in protein concentration was
observed in the mammalian alpha 1-globulin range (fraction 2) across all samples. Serum EPH fraction 3 exhibited
a medium, thin peak within the mammalian alpha 2-globulin range, which was also consistent across all individuals sampled. Fraction 4, determined within proximity to
mammalian beta-globulin fractions, contained the majority of protein and was represented by a wide, broad peak
(Figure 1). Fraction 5 was established in the mammalian
gamma-globulin range and was present as a broad, small
peak. The fraction 3 : fraction 4 ratio, as described by
Hyatt et al. (2016), ranged from 0.38 to 0.09, with a mean
of 0.23. There was no signiﬁcant difference between the
sexes regarding length, body condition, or serum EPH
fraction concentrations. Body condition did not correlate
with any of the serum EPH fractions. The TS mean ± SE
was 4.9 ± 0.2, which was signiﬁcantly higher (P < 0.001)
than that of the TP (3.5 ± 0.1; Table 3).
DISCUSSION
Serum EPH RIs were established in Nurse Sharks.
Generally, the EPH fraction concentrations from sera
were similar to those reported in the Atlantic Sharpnose
Shark Rhizoprionodon terraenovae, Bonnethead Sphyrna
tiburo, Spiny Dogﬁsh Squalus acanthias, and Cownose
Ray Rhinoptera bonasus (Haman et al. 2012; Cray et al.
2015; Hyatt et al. 2016). The minor fraction 1 band
(rather than albumin) may contain high-density lipoproteins as described in other elasmobranchs, as the location and concentration of fraction 1 in this study is
consistent with the location of fraction 1 in those studies (Metcalf and Gemmell 2005; Cray et al. 2015). The
low levels of albumin fractions compared with mammals
are in accordance with previous reports in the literature
for elasmobranchs, as elasmobranchs do not possess
albumin (Ballantyne 1997; Metcalf and Gemmell 2005;

TABLE 1. Reference intervals for morphometric data and body conditions of Nurse Sharks caught in South Florida. The PCL, FL, TL, and CKC
were not normally distributed, and no outliers were removed. Values in parentheses represent the 90% CI; LRL = lower reference limit; URL = upper
reference limit; and SF = serum fraction.

Parameter

n

Mean ± SD

Median

Minimum

Maximum

LS (cm)
FS (cm)
PS (cm)
CKC (cm)
PCL (cm)
FL (cm)
TL (cm)
C

38
38
38
38
45
45
45
38

56.9 ± 12.3
55.5 ± 10.4
39.30 ± 9.48
26.10 ± 5.19
161.0 ± 20.1
183.0 ± 21.5
230.0 ± 28.8
1.11 ± 0.12

59
58.0
40
28
165
188
236
1.1

33
36.0
20
10
110
131
154
0.8

81
75.5
64
39
188
220
289
1.4

LRL
53.6
52.7
36.8
24.8
157
178
224
1.05

(43.2–64.0)
(44.0–61.5)
(28.8–44.9)
(20.4–29.2)
(139–166)
(159–196)
(199–248)
(0.94–1.15)

URL
60.1
58.2
41.8
27.5
166
188
237
1.14

(45.0–75.2)
(45.5–70.9)
(30.2–53.5)
(21.1–33.9)
(142–190)
(162–214)
(203–272)
(0.99–1.29)
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TABLE 2. Reference intervals for absolute values (g/dL) and relative percentages (%) of serum fractions determined by serum protein electrophoresis
of Nurse Sharks caught in South Florida (n = 45). Total serum protein (biuret) was used to calculate the absolute values. Fractions 1, 3, and 5 were
not normally distributed. No outliers were removed. Values in parentheses represent the 90% CI; LRL = lower reference limit; URL = upper reference
limit; and SF = serum fraction.

Fraction

Mean ± SD

Median

Minimum

Maximum

LRL

URL

1
1
2
2
3
3
4
4
5
5

0.08 ± 0.05
2.18 ± 1.43
0.06 ± 0.02
1.77 ± 0.58
0.58 ± 0.18
17.05 ± 3.57
2.51 ± 0.50
737.00 ± 4.13
0.19 ± 0.06
5.49 ± 1.46

0.1

0.0

0.2

0.07 (0.02–0.11)

0.09 (0.03–0.16)

0.1

0.1

0.1

0.05 (0.04–0.07)

0.07 (0.04–0.09)

0.5

0.3

1.2

0.54 (0.39–0.69)

0.63 (0.41–0.84)

2.6

1.1

3.8

2.39 (0.43–1.81)

2.64 (2.03–3.24)

0.2

0.1

0.4

3.52 (2.97–4.07)

3.57 (2.79–4.35)

(g/dL)
(%)
(g/dL)
(%)
(g/dL)
(%)
(g/dL)
(%)
(g/dL)
(%)

FIGURE 1. A representative serum protein electrophoretogram of wildcaught Nurse Sharks. The following ﬁve fractions were identiﬁed in this
study: (a) fraction 1 (albumin), (b) fraction 2 (alpha 1-globubin), (c)
fraction 3 (alpha 2-globulin), (d) fraction 4 (gamma-globulin), and (e)
fraction 5 (beta-globulin).

Cray et al. 2015). Fractions 2 and 3 adhered to an illdeﬁned and small fraction 2 that increased in protein
concentration throughout the fraction, as well as a medium, thin peak in fraction 3 that has been observed in
other elasmobranch species (Cray et al. 2015). In birds,
reptiles, and mammals, fraction 3 is thought to contain
alpha-2 macroglobulin, hapto-globulin, and ceruloplasmin; however, the proteins found in fraction 3 in elasmobranchs have yet to be determined (Hyatt et al.
2016). In Hyatt et al. 2016, fraction 3 decreased in Bonnetheads exhibiting inﬂammation. A change in the fraction 3 protein concentration in Nurse Sharks may be
clinically relevant. The sharks sampled in this study
were observed to have a consistent medium, high peak

in fraction 3. Future studies on Nurse Sharks should
include researching whether changes in fraction 3 occur
in animals that are either ill or injured or whether differences in this fraction are observed in animals living
in different habitats where poor water quality or other
stressors are present.
In previous studies on elasmobranchs, fraction 4 has
been deﬁned with one or two peaks associated with lowdensity lipoproteins and very low-density lipoproteins
(Metcalf and Gemmell 2005). In this study, Nurse Shark
beta-globulin fraction concentrations consisted of one
broad peak. In mammals, the majority of the beta-globulin fraction is composed of transferrin and beta-lipoproteins, but can also hold immunoglobulins, complement
proteins, and acute phase proteins, such as C-reactive
protein (O'Connell et al. 2005). This fraction may be beneﬁcial to analyze as a biomarker of wild shark health. In
Whitespotted Bamboo Sharks Chiloscyllium plagiosum,
beta-globuin protein fractions were found to be higher in
females than in males (Krol et al. 2014), but this was not
observed for Nurse Sharks in this study. In abnormal
Bonnetheads, the ratio of fraction 3 to fraction 4 was
signiﬁcantly lower with a mean of 0.50 than that of normal Bonnetheads with a mean of 0.78 (Hyatt et al. 2016).
In comparison, the mean Nurse Shark fraction 3 to fraction 4 ratio (0.23) was much lower (range: 0.09–0.38).
The ratio between fractions 3 and 4 may prove to be a
clinical marker in Nurse Sharks as it is with Bonnetheads, but further research is required within species and
across elasmobranchs. The clinical evaluation of changes
in both fractions 3 and 4 should be investigated in future
studies.
In other elasmobranch species, fraction 5 in the mammalian gamma-globulin fraction has been hypothesized to
contain the immunoglobulin M response (Cray et al.
2015). In Hyatt et al. 2016, the abnormal Bonnetheads
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TABLE 3. Serum TP and TS of Nurse Sharks caught in South Florida (n = 45). The TP and TS were not normally distributed, and no outliers were
removed. Values in parentheses represent the 90% CI; LRL = lower reference limit; URL = upper reference limit; and SF = serum fraction.

Parameter (g/dL)

Mean ± SD

Median

Minimum

Maximum

LRL

URL

Total serum protein
Total serum solids

3.41 ± 0.64
4.68 ± 1.29

3.4
5.0

1.6
1.1

5.5
6.8

2.25 (1.70–2.80)
4.38 (3.27–5.48)

3.57 (2.79–4.35)
4.99 (3.44–6.53)

exhibited an increased fraction 5, potentially due to an
active immune response. The fraction 5 RI that was determined from the Nurse Sharks in this study was slightly
higher than that observed in free-range Atlantic Sharpnose
Sharks, Bonnetheads, and Spiny Dogﬁsh (Haman et al.
2012). This may suggest that Nurse Sharks in this study
had a slightly elevated level of immune reactivity. This
may also be due to differences in species, resource consumption, or environmental conditions (Martin 2009). Differences within the same species for populations that are
free ranging versus captive may exist for fraction 5 concentrations based on their relative health and immune
activity, given various levels of exposure to different biotic
and abiotic factors (Percin and Konyalioglu 2008).
The TS and TP were signiﬁcantly different, which has
been shown in other elasmobranch species and reafﬁrms
that method-speciﬁc intervals should be used in each
instance (Haman et al. 2012). It is likely that concentrations of urea and other metabolites in the blood may
increase the measurement of TS in elasmobranchs (Harms
et al. 2002). For this reason, TP may be a more accurate
measure for assessing blood proteins and should be utilized when determining serum EPH fraction concentrations in elasmobranch studies in the future.
Differences between the sexes were nonsigniﬁcant
across length, body condition, and serum EPH fraction
concentrations. All individuals sampled were mature and
sampled across 3 years. Reproductive cyclicity may cause
signiﬁcant differences in the sexes including higher levels
of beta-globulins in females than in males (Krol et al.
2014), but females in this study did not have elevated
levels of beta-globulins. The reproductive statuses of
females in this study were not known.
This study provides important baseline serum EPH fraction concentration RIs that can aid in the monitoring of
Nurse Shark populations in South Florida and elsewhere.
Establishing RIs for various clinical parameters in wild
sharks may provide an opportunity to effectively assess
these populations. Future studies should assess deviations
from the serum EPH fraction concentration RI baselines
represented here to evaluate sick or abnormal Nurse Sharks.
It will also be beneﬁcial to examine Nurse Sharks from
other locations to determine if these intervals are consistent
across populations and differing habitat qualities, the latter
of which may arise from various anthropogenic factors such

as pollution and poor water quality. Studies on wild sharks
may also provide valuable information for clinical investigations of Nurse Sharks under human care. With increased
sampling and collaboration, it is possible to improve our
understanding of healthy shark populations and establish
standardized ways to monitor them effectively.

ACKNOWLEDGMENTS
This research was supported by the University of Miami
(UM) Shark Research and Conservation Program, UM
Marine Science Program, UM Division of Comparative
Pathology, Disney Wildlife Conservation Fund, and The
Batchelor Foundation. Data collection was supported by the
UM Shark Research and Conservation Program and UM
Division of Comparative Pathology; no other funding
sources were involved. The authors are thankful to Maria
Estevanez for technical support. The research was conducted
under Biscayne Bay Permit Number BISC-05051, Florida
Fish and Wildlife Conservation Commission Special Activities License Number SAL-15-0957-SR, and University of
Miami IACUC Permission Numbers 12-280 and 15-238.
There is no conﬂict of interest declared in this article.

REFERENCES
Ballantyne, J. S. 1997. Jaws: the inside story. The metabolism of elasmobranch ﬁshes. Comparative Biochemistry and Physiology B 118:703–742.
Cain, D. K., C. A. Harms, and A. Segars. 2004. Plasma biochemistry
reference values of wild-caught Southern Stingrays (Dasyatis Americana). Jounral of Zoo and Wildlife Medicine 35:471–476.
Cray, C., E. King, M. Rodriguez, L. S. Decker, and K. L. Arheart.
2011. Differences in protein fractions of avian plasma among three
commercial electrophoresis systems. Journal of Avian Medicine and
Surgery 25:102–110.
Cray, C., M. Rodriguez, C. Field, A. McDermott, L. Leppert, T. Clauss,
and G. D. Bossart. 2015. Protein and cholesterol electrophoresis of
plasma samples from captive Cownose Ray (Rhinoptera bonasus).
Journal of Veterinary Diagnostic Investigation 27:688–695.
Cusack, L., C. L. Field, L. Hoopes, A. McDermott, and T. Clauss. 2016.
Comparison of pre- and postquarantine blood chemistry and hematology values from wild-caught Cownose Rays (Rhinoptera bonassus).
Journal of Zoo and Wildlife Medicine 47:493–500.
Deem, S. L., W. B. Karesh, and W. Weisman. 2001. Putting theory into
practice: wildlife health in conservation. Conservation Biology
15:1224–1233.
Eckersall, P. D. 2008. Proteins, proteomics, and the dysproteinemias.
Pages 117–155 in J. J. Kaneko, J. W. Harvey, and M. L. Bruss,

6

ATALLAHBENSON ET AL.

editors. Clinical biochemistry of domestic animals, 6th edition. Academic Press, San Diego, California.
Ferreira, C. M., C. L. Field, and A. D. Tuttle. 2010. Hematological and
plasma biochemical parameters of aquarium-maintained Cownose
Rays. Journal of Aquatic Animal Health 22:123–128.
Friedrichs, K., K. Barnhart, J. Blanco, K. Freeman, K. Harr, B. Szladovits, and R. Walton. 2011. ASVCP quality assurance and laboratory
standards committee (QALS) guidelines for the determination of reference intervals in veterinary species and other related topics. American Society for Veterinary Clinical Pathology, Madison, Wisconsin.
Friedrichs, K. R., K. E. Harr, K. P. Freeman, B. Szladovits, R. M. Walton, K. F. Barnhart, and J. Blanco-Chavez. 2012. ASVCP reference
interval guidelines: determination of de novo reference intervals in
veterinary species and other related topics. Veterinary Clinical Pathology 41:441–453.
Gallagher, A. J., J. E. Serafy, S. J. Cooke, and N. Hammerschlag.
2014a. Physiological stress response, reﬂex impairment, and survival
of ﬁve sympatric shark species following experimental capture and
release. Marine Ecology Progress Series 296:207–218.
Gallagher, A. J., D. N. Wagner, D. J. Irschick, and N. Hammerschlag.
2014b. Body condition predicts energy stores in apex predatory
sharks. Conservation. Physiology 2:cou022.
Gornall, A. G., J. B. Charles, and M. D. Maxima. 1949. Determination
of serum proteins by means of the biuret reaction. Journal of Biological Chemistry 177:751–766.
Haman, K. H., T. M. Norton, A. C. Thomas, A. D. M. Dove, and F.
Tseng. 2012. Baseline health parameter and species comparisons
among free-ranging Atlantic Sharpnose (Rhizoprionodon terraenovae),
Bonnethead (Sphyrna tiburo), and Spiny Dogﬁsh (Squalus acanthias)
sharks in Georgia, Florida, and Washington, USA. Journal of Wildlife Diseases 48:295–306.
Hammerschlag, N. 2006. Osmoregulation in elasmobranchs: a review for
ﬁsh biologists, behaviourists and ecologists. Marine and Freshwater
Behaviour and Physiology 39:209–228.
Harms, C., T. Ross, and A. Segars. 2002. Plasma biochemistry reference
values of wild Bonnethead sharks, Sphyrna tiburo. Veternary Clinical
Pathology 31:111–115.
Hunsaker, J. J., S. P. Wyness, T. M. Snow, and J. R. Genzen. 2016.
Clinical performance evaluation of total protein measurement by digital refractometry and characterization of non-protein solute interferences. Practical Laboratory Medicine 6:14–24.
Hyatt, M. W., C. L. Field, T. M. Clauss, K. L. Arheart, and C. Cray.
2016. Plasma protein electrophoresis and select acute phase proteins

in healthy Bonnethead sharks (Sphyrna tiburo) under managed care.
Journal of Zoo Wildlife Medicine 47:984–992.
Irschick, D. J., and N. Hammerschlag. 2015. Morphological scaling of
body form in four shark species differing in ecology and life history.
Biological Journal of the Linnean Society 114:126–135.
Jain, S., V. Gautam, and S. Naseem. 2011. Acute-phase proteins: as
diagnostic tool. Journal of Pharmacy and Bioallied Sciences 3:118–
127.
Krol, L., M. Allender, C. Cray, and R. George. 2014. Plasma proteins
and selected acute-phase proteins in the Whitespotted Bamboo Shark
(Chiloscyllium plagiosum). Journal of Zoo and Wildlife Medicine
45:782–786.
Legendre, K. P., M. Leissinger, V. Le Donne, B. J. Grasperge, and S. D.
Gaunt. 2017. The effect of urea on refractometric total protein measurement in dogs and cats with azotemia. Veterinary Clinical Pathology 46:138–142.
Martin, L. B. 2009. Stress and immunity in wild vertebrates: timing is
everything. General and Comparative Endocrinology 163:70–76.
Metcalf, V. J., and N. J. Gemmell. 2005. Fatty acid transport in cartilaginous ﬁsh: absence of albumin and possible utilization of lipoproteins. Fish Physiology Biochemistry 31:55–64.
Morgan, A., and G. H. Burgess. 2007. At-vessel ﬁshing mortality for six
species of sharks caught in the Northwest Atlantic and Gulf of Mexico. Gulf and Caribbean Research 19:123–129.
O'Connell, T. X., T. J. Horita, and B. Kasravi. 2005. Understanding and
interpreting serum protein electrophoresis. American Family Physician 71:105–112.
Percin, F., and S. Konyalioglu. 2008. Serum biochemical proﬁles of
captive and wild northern Blueﬁn Tuna (Thunnus thynnus L.
1758) in the eastern Mediterranean. Aquaculture Research 39:945–
953.
Persky, M. E., J. J. Williams, R. E. Burks, M. R. Bowman, J. C. Ramer,
and J. S. Proudfoot. 2012. Hematologic, plasma biochemistry, and
select nutrient values in captive Smooth Dogﬁsh (Mustelus canis).
Journal of Zoo and Wildlife Medicine 43:842–851.
Rosa, R. S., A. L. F. Castro, M. Furtado, J. Monzini, and R. D. Grubbs.
2006. Ginglymostoma cirratum. The IUCN Red List of Threatened
Species 2006:T60223A12325895. Available: https://dx.doi.org/10.2305/
IUCN.UK.2006.RLTS.T60223A12325895.en. (February 2020).
Schlaff, A. M., M. R. Heupel, and C. A. Simpfendorfer. 2014. Inﬂuence
of environmental factors on shark and ray movement, behaviour and
habitat use: a review. Reviews in Fish Biology and Fisheries 24:1089–
1103.

