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PLASMA BIOCHEMISTRY REFERENCE VALUES OF WILD-
CAUGHT SOUTHERN STINGRAYS (DASYATIS AMERICANA)

Danielle K. Cain, D.V.M., Craig A. Harms, D.V.M., Ph.D., Dipl. A.C.Z.M., and
Al Segars, M.S., D.V.M.

Abstract: Stingrays are prominent marine animals; however, there are few published reference values for their blood
chemistry and hematology. Twenty-eight southern stingrays (Dasyatis americana) were caught using the bottom trawl
nets of fishery-independent boats operated by the South Carolina Department of Natural Resources during June and
July 2002 from Winyah Bay, South Carolina, to St. Augustine, Florida. Median values of blood and plasma obtained
from live animals promptly after capture are as follows: packed cell volume 5 0.22 L/L (22%), total solids (TS) 5
56.5 g/L (5.65 g/dl), total protein (TP) 5 26 g/L (2.6 g/dl), sodium 5 315 mmol/L, potassium 5 4.95 mmol/L, chloride
5 342 mmol/L, calcium 5 4.12 mmol/L (16.5 mg/dl), phosphorus 5 1.5 mmol/L (4.7 mg/dl), urea nitrogen 5 444
mmol/L (1,243 mg/dl), glucose 5 1.69 mmol/L (30 mg/dl), aspartate aminotransferase 5 14.5 U/L, creatine phospho-
kinase 5 80.5 U/L, osmolality 5 1065 mOsm/kg, and lactate 5 3.1 mmol/L. Bicarbonate was less than the low end
of the instrument range (5 mmol/L) in all but three samples. Anion gap was negative in all samples. Albumin was less
than the low end of the instrument range (1 g/dl) in all except one sample. Osmolality was significantly higher in the
rays caught in the southern region. TS and TP values were linearly related to each other, and the equation for the fitted
line is TS 5 (11.61 3 TP) 1 25.4 (in g/L) [or TS 5 (1.161 3 TP) 1 2.54 (in g/dl)]. The reference ranges reported
in this study can be used to aid in the management of aquarium stingrays and to create a baseline for health monitoring
of the wild Dasyatis spp.
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INTRODUCTION

There are about 800 species of elasmobranch
fishes, primarily sharks, skates, and rays, through-
out the world’s oceans,12 including .450 species in
the order Rajiformes (skates and rays). Some of the
latter groups are familiar to humans,14 although lit-
tle is known about their veterinary care. Although
little is known about elasmobranch blood chemistry
values, sharks have received some study in this re-
gard.4,6,10,11,21,22,24,25 Studies involving skates and rays
have focused largely on electrolytes and osmolar
regulation.1,7,13,20,23 At present, ray health assess-
ments must use data extrapolated from sharks or
obtained in-house. We, therefore, initiated a study
to document blood chemistry and hematology val-
ues for dasyatid stingrays collected in the coastal
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waters of South Carolina, Georgia, and northern
Florida.

MATERIALS AND METHODS

Specimen collection

Southern stingrays (Dasyatis americana) were
collected as by-catch in conjunction with a trawl
survey for sea turtle species in June and July 2002.
Live rays were collected aboard three fishery-in-
dependent boats (i.e., research boats, not part of a
commercial fishery) between Cape Romain, South
Carolina, USA (328589N, 798289W) and St. Augus-
tine, Florida, USA (308259N, 818239W). All survey
trawls were conducted inshore of the Gulf Stream,
between the 4- and 12-m-depth contours and 0.8–
8.8 km offshore. Two boats sampled waters north
of St. Catherine’s Sound, Georgia, USA (318439N,
818089W), and a third boat sampled waters south of
this sound to St. Augustine, Florida, USA. Identical
sampling methods were followed on all boats.
Stretch mesh (10–20 cm) nets were dragged with a
18-m footrope on the bottom for 30 min in water
at depths of 4–12 m. Sea surface temperatures for
the waters sampled ranged from 23.9 to 27.78C.9

Salinity and bottom temperature were not mea-
sured.

Only individuals with a healthy appearance (i.e.,
tails intact and no visible external lesions) were
studied. All rays were processed quickly; the max-
imum possible net time was 38 min. Rays that were
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caught along with sea turtles were not studied be-
cause they could not be processed quickly enough.
Sex was determined based on the presence or ab-
sence of claspers. Straight disk width (to the nearest
whole centimeter) was recorded using a measuring
board (Wildco Wildlife Supply Co., Buffalo, New
York 14216, USA) or a nylon tape measure. Body
weight (to the nearest 0.1 kg) was determined with
one of the two spring scales depending on size
(AMETEK Test and Calibration Instruments Divi-
sion, Largo, Florida 33773, USA, Model in-50,
0.0–25.0 kg in 0.25-kg increments, and Model in-
10, 0.0–5.0 kg in 0.2-kg increments).

Four species of dasyatid stingray occur in the
waters sampled. Identification of southern stingrays
was based on the species occurrence in the sam-
pling locations, and physical characteristics of disk
shape, tail folds, and absence of spines on body and
tail.8,18 Distinction of bluntnose stingrays, Dasyatis
sayi, from D. americana at disk widths less than
40 cm, and distinction of D. americana from rough-
tail stingrays, Dasyatis centroura, at disk widths
greater than 60 cm can be difficult. To increase the
certainty of consistent identification, stingrays be-
tween 40 and 60 cm were preferentially sampled in
this study. Inclusion of few of the closely related
and physically similar D. centroura in the samples
cannot be ruled out. However, D. centroura typi-
cally bears rough tubercles on sides and tail, and is
rare south of Cape Hatteras, North Carolina.18

Blood collection, processing, and analysis

After physical measurements and information
were recorded, a single blood sample was collected.
Time from being brought on board to time of blood
collection was recorded to the nearest minute. Only
blood samples collected within 5 min of boarding
were included for analysis. Animals were placed in
dorsal recumbency, and their tails were restrained
manually. Blood was drawn by cardiac puncture us-
ing a 3-ml syringe with a 22-ga (0.7 mm 3 40 mm)
needle and then transferred to 5-ml lithium heparin
vacutainer tubes (Becton Dickinson, Franklin
Lakes, New Jersey 07417, USA). Initial attempts to
collect blood from the tail vein led to longer times
on deck for processing, which was deemed detri-
mental to postrelease survival chances, and poorer
quality samples with hemolysis, clotting, and small-
er volumes. Because of the spongy nature of the
endocardium and myocardium of fish,15 cardiac
puncture, when necessary, is less prone to compli-
cations than may be the case with mammals. When
observation was possible, all rays included in this
study swam away after blood sampling, corre-
sponding to the best condition scores (condition 1

or 2, good or fair) used in a study of shark serum
chemistry values after gill-net capture.11

Blood was shielded from sunlight and transferred
within 3 min to the ship’s cabin (air-conditioned or
cooled by sea breeze) and processed within 15 min
of collection. Packed cell volume was measured
from a subsample of blood, transferred into a mi-
crocapillary tube, and centrifuged for 5 min in a
14,000 g microcapillary centrifuge (Model MB, In-
ternational Equipment Company, Needham
Heights, Massachusetts 02494, USA) at ambient
temperature. Vacutainer tubes were centrifuged for
5 min at ambient temperature using a 1000 g Ad-
ams Sero-Fuge Connecticut 1600 centrifuge (Clay
Adams Company, Parsippany, New Jersey 07054,
USA). Plasma total solids (TS) were measured by
refractometry (RHC-200ATC Refractometer, Wes-
tover Scientific, Woodinville, Washington 98077,
USA). The remaining plasma was transferred to
1.5-ml cryovials and stored in liquid nitrogen tanks
on board the research vessel for several days. Plas-
ma was stored at 2808C on shore and transported
on dry ice for laboratory analyses, performed 5–9
wk after collection. Plasma lactates were measured
18 mo after collection from duplicate aliquots.

Fifteen plasma analytes were measured using au-
tomated bichromatic spectrophotometry, ion elec-
trolysis, and freezing-point osmometer readings.
Automated bichromatic spectrophotometry with a
Roche/Hitachi 912 Clinical Chemistry System
(Roche Diagnostics, Indianapolis, Indiana 46256,
USA) was used to measure 11 analytes (albumin,
aspartate aminotransferase, bicarbonate, Ca, crea-
tine kinase, glucose, lactate dehydrogenase [LDH],
phosphorus, total protein [TP], urea nitrogen, and
lactate). An ion-selective electrode on the Roche/
Hitachi 912 machine was used to measure three an-
alytes (Na, K, and Cl). A freezing-point osmometer
(Advanced Micro-Osmometer, Model 3MO, Ad-
vanced Instruments Inc., Needham Heights, Mas-
sachusetts 02494, USA) was used to measure plas-
ma osmolality. For any given analyte, all samples
were run on the same day, with the same calibra-
tion.

Statistical analyses

Statistical analyses were performed with a com-
mercial software package (JMP 5.0, SAS Institute,
Cary, North Carolina 27511, USA). Data were test-
ed for normality using a Shapiro–Wilk test. Be-
cause many of these data were not normally dis-
tributed, nonparametric statistics were used (except
for correlations of TS and TP concentrations), and
summary statistics are reported as median, 10th and
90th percentiles. Kendall tau test was used to test
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Table 1. Descriptive statistics for blood chemistry parameters analyzed for 28 dasyatid stingrays collected in coastal
waters of South Carolina, Georgia, and northern Florida. Most values for bicarbonate, albumin, and lactate dehydro-
genase fell below instrument measurement ranges (5 mmol/L, 1 g/dl, and 5 U/L, respectively) and were not included.

Parameter Median 10th percentile 90th percentile

Packed cell volume, L/L (%) 0.22 (22) 0.15 (15) 0.25 (25)
Total solids, g/L (g/dl) 56 (5.6) 42 (4.2) 60 (6.0)
Total protein, g/L (g/dl) 26 (2.6) 16 (1.6) 32 (3.2)
Sodium, mmol/L 315 295.9 326.2
Potassium, mmol/L 5.0 3.2 6.4
Chloride, mmol/L 342 301 362
Calcium, mmol/L (mg/dl) 4.12 (16.5) 3.01 (12.06) 4.82 (19.3)
Phosphorus, mmol/L (mg/dl) 1.5 (4.7) 0.98 (3.0) 2.1 (6.4)
Urea nitrogen, mmol/L (mg/dl) 444 (1,243) 423.0 (1,184.9) 461.6 (1,293.1)
Glucose, mmol/L (mg/dl) 1.69 (30.5) 0.94 (16.9) 2.35 (42.4)
Aspartate aminotransferase, U/L 14.5 3.6 61.2
Creatine kinase, U/L 80.5 11.7 296.5
Lactate, mmol/L 3.1 ,2.0 6.2
Osmolality, mOsm 1,065 1,007.6 1,144.3

for association of size (body weight and disk width)
with blood and plasma analytes, for association of
time on deck before sampling (1–5 min) with blood
and plasma analytes, and for association of lactate
with glucose. Wilcoxon rank sum test followed by
sequential Bonferroni correction for multiple com-
parisons17 was used to compare values by sex and
by region (north versus south). Sex ratios were
compared between regions by chi-square. A least-
squares linear regression was used to determine the
correlation between TS and TP values. Statistical
significance was set at P , 0.05. Data are reported
in both standard and SI units.

RESULTS

Blood samples from 28 D. americana were col-
lected. Eight male and nine female stingrays were
collected in the northern region of the sampling
area, compared with six male and five female sting-
rays collected in the southern region. No significant
differences in sex ratios were detected between re-
gions.

Median disk width was 40 cm (range 5 32–68.7
cm) for stingrays collected in the northern region
and 42 cm (36–53 cm) for stingrays collected in
the southern region. Median body weight was 1.8
kg (1.1–14 kg) and 2.0 kg (1.4–13 kg) for stingrays
collected in the northern and southern regions of
the sampling area, respectively. The overall median
disk width of rays collected was 41 cm (32–68.7
cm) and the median overall weight was 1.95 kg
(1.1–14.0 kg). No differences in disk width or body
weight with respect to region were detected.

Measured values for three parameters were con-
sistently below the minimum detectable levels for

our equipment. Bicarbonate was less than 5 mmol/
L in all but three samples, and levels in these three
were 5 mmol/L. Although we were unable to cal-
culate anion gap directly, insertion of the highest
possible value for bicarbonate into the anion gap
equation (Na 1 K) 2 (Cl 1 HCO3) resulted in a
negative value for all samples. Albumin was less
than 1 g/dl in all but one sample with a value of
1.1 g/dl. In all samples, LDH was lower than 5 U/
L. In addition, lactate values were less than 2
mmol/L in six samples. For statistical comparisons,
a value of 2.0 mmol/L was assigned to these low
lactate values.

Descriptive statistics for blood chemistry param-
eters are shown in Table 1. Regional differences
were not detected for any value except osmolality,
which was significantly higher (P , 0.0001) in the
southern range (median 5 1096 mOsm [10th and
90th percentiles 1058, 1188 mOsm], n 5 11) than
in the north (median 5 1049 mOsm [1004, 1073
mOsm], n 5 17). No significant differences in
blood chemistry were detected with respect to
weight, disk width, or sex. Plasma lactate and Ca
were the only values associated with time on deck
(from 1 to 5 min), being significantly but not
strongly associated positively (Kendall tau 5 0.30,
P 5 0.045 for lactate; Kendall tau 5 0.31, P 5
0.036 for calcium, with no corrections for multiple
comparisons). Plasma lactate was significantly but
not strongly associated positively with glucose
(Kendall tau 5 0.36, P 5 0.008). TS and TP values
were linearly related (R2 5 0.91, P , 0.0001), and
the equation for the fitted line is TS 5 (1.161 3
TP) 1 2.54, where TS and TP are in grams per
deciliter (Fig. 1).
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Figure 1. Southern stingray total protein and total sol-
ids concentrations were significantly correlated (least-
squares linear regression, n 5 28, R2 5 0.91, P , 0.0001).
The equation for the fitted line is total solids (TS) 5
(11.61 3 total proteins [TP]) 1 25.4 (in g/L) [or TS 5
(1.161 3 TP) 1 2.54 (in g/dl)].

DISCUSSION

There was unavoidably some stress associated
with the capture of stingrays in this study, possibly
including hypoxia and excessive exertion. Howev-
er, based on lactate values and subjective assess-
ment, the methods used in this study were likely
less stressful than methods used in some previous
studies using hook and line, entanglement nets,
dredges, and longer soak times.5,11,13,24,25 The degree
of struggling and exhaustion with capture signifi-
cantly affects an elasmobranch’s blood chemistry
and ability to survive postrelease.11 In capture sit-
uations, benthic stingrays may have an advantage
over some shark species because they are naturally
more sedentary2 and are neither facultative nor
obligatory ram ventilators. Sharks (specifically
bonnetheads, Sphyrna tiburo, and black-tip sharks,
Carcharhinus limbatus) may struggle dramatically
in anchored gill nets, often becoming tightly entan-
gled and exhausted.11 Once on board, stingrays are
less likely to struggle as much or for as long a
period of time as the sharks (Cain and Al Seegars,
pers. obs.). Lactate values did increase with time
on board (from 1 to 5 min) before sampling, but
the median value (3.1 mmol/L) was less than that
found even in condition 1 animals in a study of
sharks captured by gill net (3.9, 4.7, and 6.3 mmol/
L for bonnethead, black—tip, and bull [Carchar-
hinus leucas] sharks, respectively)11 and consider-
ably less than that found in condition 5 (moribund)

animals (12.0 mmol/L for all three species, which
was the instrument maximum) and in blue sharks
(Prionace glauca) and mako sharks (Isurus oxyrin-
chus) captured by hook and line (mean values of 9
and 13 mmol/L for blue sharks and mako sharks,
respectively, in one study, and 16.0 mmol/L for
mako sharks in another study).24,25 Because blood
was not collected into sodium fluoride tubes to halt
glycolysis by the red blood cells immediately, as is
recommended for measuring lactate, these values
may have increased within the time required (,20
min) to separate plasma.3 In a study of cats, allow-
ing blood to clot at 258C and separating serum
within 15–30 min of collection caused lactate val-
ues of control cats to increase by a mean of 0.4
mmol/L over samples collected into sodium fluo-
ride tubes, and by a mean of 1.2 mmol/L from hy-
perthyroid cats.3 Blood samples in the cited studies
of shark capture effects were also not collected into
sodium fluoride tubes.11,24,25

The urea nitrogen values for dasyatid stingrays
were higher than values recorded for several shark
species.22 These values are typically high in elas-
mobranchs, contributing to the high osmolality of
their plasma, which is slightly hyperosmotic to sea-
water. Hyperosmolality, maintained by urea and tri-
methylamine oxides, in addition to plasma electro-
lytes, allows a passive influx of water from the en-
vironment.19 The plasma osmolality values in these
rays were similar to values recorded in S. tiburo
captured in the same area 1 yr ago.6 Sodium and
chloride values were also higher in these dasyatid
stingrays relative to most sharks; however, it is not
uncommon to see high concentrations of these elec-
trolytes in elasmobranchs, and to a lesser extent, in
other marine fish.21

Glucose concentrations vary greatly between
species and have been shown to increase with a fish
stress response.11,16 The glucose concentrations in
these stingrays were low when compared with most
sharks, birds, or mammals, but are similar to values
seen in some koi.5 When compared with the skate,
Raja erinacea, the glucose values of these D. amer-
icana overlap with the low end of the range.7 In
sharks captured by gill net, glucose values de-
creased with worsening condition score, from poor
to moribund or dead (condition score 3–5),11 but
the shark species noted to struggle the least in the
gill net had the lowest glucose values when com-
paring individuals in good condition,11 and the rays
in the present study would all have fallen in the
good to fair condition categories (condition score
1–2) used in the shark gill net paper. Median lactate
values for these trawl-captured rays were lower
than those for any of the three shark species of any
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condition score captured by gill net,11 and ray lac-
tate values were positively rather than negatively
associated with glucose values, indicating that ex-
cessive struggle was not a factor in the low glucose
values of the rays. Because sample handling was
nearly identical to a previous study of bonnethead
shark plasma chemistry values,6 we believe that
these glucose values are not artifactually low.

Osmolality values were significantly greater for
rays collected in the southern region than in the
northern region. Given that size and sex did not
appear to influence blood chemistry, and that sim-
ilar-sized rays in similar sex ratios were collected
in both regions of the study area, higher osmolality
in the southern range may reflect some phenomena
of oceanographic features that differ between re-
gions. Differences in osmolality in rays collected in
the northern and southern regions may also have
been influenced by collection and handling. Al-
though sampling protocol was similar between re-
gions, and only stingrays able to be processed
promptly on arrival on deck were included in this
study, it was impossible to know exactly how much
time each stingray spent in the net. For example,
an animal caught just before bringing the nets on-
board would have spent approximately 30 min
(trawl duration) less time in the nets than an animal
caught immediately after the trawl began. However,
because comparable numbers of rays were sampled
in each location, it is unlikely that trawl time was
skewed one way or another in either range. What-
ever the reason for the differences in osmolality
between the northern and southern ranges, it is ev-
ident that no single sample population, sample time,
or sample location can be used to establish a uni-
versal reference range. Plasma chemistry values are
also expected to change slightly with the hormonal
changes associated with reproductive cycles.

The disparity between TS, measured by refrac-
tometry, and TP, measured by bichromatic spectro-
photometry, agrees in general with previous re-
ports6,22 and can be attributed to the contribution of
urea nitrogen and trimethylamine oxide to the TS
value. The disparity differs in specifics, however,
with the equation of the fitted line for D. americana
being TS 5 (11.61 3 TP) 1 25.4 (in g/L) [or TS
5 (1.161 3 TP) 1 2.54 (in g/dl)], and that for S.
tiburo being TS 5 (10.06 3 TP) 1 33.18 (in g/L)
[or TS 5 (1.006 3 TP) 1 3.318 (in g/dl)].6 These
differences in slope and y-intercept between two
elasmobranch species indicate that refractometry
measurement of TS may not be convertible to TP
with a single formula for all elasmobranchs.

CONCLUSIONS

Blood chemistry data from this study can provide
a helpful reference for evaluating the health of cap-
tive stingrays. The expanded set of analytes and the
reasonably large sample size add to the limited data
previously available to veterinarians and research-
ers working with stingrays.
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