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Potamotrygon cf. histrix (cururu stingray) are endemic freshwater stingrays from the middle region of the Rio
Negro in the Brazilian Amazon basin and are exported worldwide as ornamentals caught by artisanal
fishermen. The transport process from capture to final destination is long and stressful. This study quantified
stress related changes in corticosterone, blood and water samples (baseline, pre-transport, 3 h, 12 h and 24 h)
analyzed during a transport experiment which tested two water additives (tetracycline and the probiotic
Efinol®). There was a significant stepwise increase in corticosterone levels in stingrays over transport time in
combination with osmoregulatory disturbances suggesting a stress related role of this corticosteroid. There
were significant increases in water conductivity, Na+ and K+ losses and ammonia excretion. Blood
parameters such as glucose, hematocrit, red blood count and urea did not change significantly during the
experiment. Glucose levels did not increase significantly during transport and this may be due to the fact that
other elasmobranchs have been shown to rely more on ketone bodies for energy rather than glucose and
produce ammonia as their main nitrogenous waste. The mineralocorticoid action of this hormone has been
shown in elasmobranchs and most likely plays a role in osmotic homeostasis. The use of probiotic and
especially antibiotic should be avoided since no beneficial effects were observed.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

There are over 800 extant elasmobranch species most of which
inhabit marine environments (Heinicke et al., 2009). Of the 400 batoid
(skates and rays) species at least 20 Potamotrygonid rays are
exclusively freshwater anddistributed among four genera:Heliotrygon
(two species), Paratrygon (one species), Plesiotrygon (two species) and
Potamotrygon (18 valid species) (Carvalho et al., 2003; Martin, 2005;
Carvalho and Lovejoy, 2011; Carvalho and Ragno, 2011). In contrast to
marine species, freshwater stingrays possess unique morphological
and physiological specializations including low plasma urea levels, a
reduction in rectal gland size (Thorson et al., 1983) and a reduction in
the tubule length of the Ampullae of Lorenzini (Raschi and Mackanos,
1989; McGowan and Kajiura, 2009).

The Brazilian Amazon region is home to a pigmy freshwater
stingray that is endemic to a small portion of the Rio Negro, a large
affluent of the Amazon River. Five stingray species are legally exported
from the Brazilian Amazon basin under government managed annual
quotas, including Potamotrygon cf histrix, regionally called “Cururu
Ray”, which has yet to be fully described. Freshwater stingrays are
targeted by the ornamental industry primarily due to high economic
valuemaking them vulnerable to fishing pressure. The city of Barcelos,
within the Brazilian Amazon region, is an artisanal fishing community
which collects and exports thousands of ornamental fishes from the
Amazon including P.cf histrix (Chao et al., 2001). The Rio Negro is a
warm, ion poor, oxygen depleted, acidic river reaching 3.5 pH in some
areas (Matsuo and Val, 2003; Mortatti and Probst, 2003). Small
streams (igarapés) feed the main Rio Negro system with tannin rich
waters supporting high ichthyological diversity. The Rio Negro Basin
has a high seasonal variation in water level and the stingrays have a
predetermined reproductive cycle strongly linked to the river pulse
(Charvet-Almeida et al., 2005). Local fishermen catch, collect and
transport stingrays with rudimentary techniques and in many cases
add unmeasured and untested compounds including tetracycline to
the water in an effort to minimize stress and mortality. Once taken
from the wild and transported to Barcelos, the rays are carried by
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freight boat to Manaus in transport that can last over 24 h dependent
upon river conditions. The transport occurs in overcrowded plastic
totes with little water to optimize space and cost, creating unfavorable
conditions to fish. Techniques developed to minimize stress during
transport in teleosts have been successful in other species and include
the addition of probiotic products (Gomes et al., 2008; 2009). Once
arriving in Manaus, fish are held in quarantine at local exporters prior
to international exportation.Many stingrays are subsequentlyflown to
Miami (FL, USA)where they are held forweeks ormonths prior to final
shipment worldwide. The transport process is lengthy and therefore
acute and chronic stress strongly impacts survivorship.

Measuring stress in elasmobranchs has been a challenge because
they produce a unique stress hormone identified as 1 α hydroxicorti-
costerone (Idler and Truscott, 1966) which has no commercially
available measuring technique. Some species of elasmobranch have
also been shown to produce corticosterone however with no well-
defined stress related role (Truscott and Idler, 1972; Rasmussen and
Gruber, 1990; Manire et al., 2007).

The primary objective of this experiment was to investigate stress
related osmoregulatory, blood parameter alterations and costicoster-
one responses of P. cf. histrix (cururu stingray) to two different water
additives during the transport process. The secondary objective was
to contribute to the general understanding of the stress response in
freshwater elasmobranchs.

2. Materials and methods

2.1. Study area and animal capture

Specimensof cururu stingray, P. cf.histrix (n=69,weight=240.29±
137.29 g; disc width=17.14±2.80 cm; mean±SD; 26 females and 43
males) were captured by professional fishermen in areas of flooded
forest covering the margins of Igarapé Puxurituba near Barcelos,
(Amazonas, Brazil) with hand nets typically at night as stingrays were
detected using flashlight eye shine. Once captured they were immedi-
ately placed in holding boxes and then later transferred to 1 m3 net
pens, where fish were maintained for a maximum of 10 days with
continuous natural water flow, and fed daily fresh shrimp and fish
collected in the surrounding areas. Feeding ceased 24 h prior to the
beginning of the transport experiment. Field experiments and transport
occurred in November of 2005 corresponding to the dry season in the
middle Rio Negro basin.

2.2. Experimental transport protocol

Since there are no baseline serum profiles established for free
ranging Amazonian freshwater stingrays, a baseline group (B) of nine
individuals of P. cf. histrix were collected, anesthetized with benzo-
caine (100 mg L−1) and blood drawn under 3 min to avoid possible
handling effects in corticosterone levels. To test for potential stress
effects of net pen confinement another group of stingrays (n=6) held
in netpens were sampled just before transport experiment (BT). For
the transport experiment, the remaining individuals were randomly
distributed in 54 plastic boxes with a total capacity of 40 L, but filled
with 10 L of local stream water, and transported in three different
treatment conditions (n=6 for each combination of time and
treatment): a control group with no additive (NO-ADD), and two
other groupsmaintained in a diluted solution of probiotic (20 mg L−1;
PB; Efinol®L, Bentoli Agrinutrition Inc., TX, USA) with a concentration
in accordance with the manufacturer, and antibiotic tetracycline
(200 mg L−1; AB) which was estimated to be what local fishermen
use. During the 24 h of transport the vessel proceeded in conditions
typical of the local trade to take fish from Barcelos to Manaus. Blood
parameters of stingrays, water quality and net ion fluxes were moni-
tored from six different boxes (replicates) of each treatment at 3, 12

and 24 h of transport. Each box was sampled only once and then
discarded from the experiment thereafter.

2.3. Blood collection and analyses

After anesthesia and tail immobilization stingrays were kept in
ventral position and a cardiac blood sample takenwith an insulin-type
hypodermic 1 mL syringe coated with ETDA 10% as anticoagulant. To
ensure no mortality of experimental animals due to excessive blood
loss, the volume removedwas less than 1%of the individual bodymass.
The same procedures were applied for all samples collected in all
treatment groups. Blood was used for hematocrit (Htc) determination
by the microhematocrit centrifugation technique, and for red blood
cell counts (RBC) performed by manual counting in a Neubauer
hemocytometer with 1/200 dilution of blood in phormol-citrate
solution. MCV (mean cellular volume) was calculated based on the
obtained Htc and RBC values. The remaining blood was centrifuged at
2500 g for 3 min and plasma was immediately stored in a liquid
nitrogen container (Cryo Diffusion S.A., France).

Plasma samples were analyzed for glucose, urea, chloride levels
and osmolarity. Glucose levels were measured by the enzymatic
method of glucose oxidase at 510 nm and Urea was determined by
an enzymatic method (600 nm) based on the reaction with urease
in alkaline medium. The concentration of chloride ions was quantified
by a coulometric titration method using a digital chloridometer
(Labconco Corp., USA), and plasma osmolarity was measured using a
mercury vapor pressure osmometer (Wescor Inc., USA).

2.4. Corticosterone assay

Serum corticosterone levels were determined through radioim-
munoassay method using a coat-a-count kit (DPC, USA) developed for
rat corticosterone. Levels were validated using parallelism and intra
and interassays values that were found not to exceed a 15% variation.
Lemon shark (Negaprion brevirostris) plasma samples from sharks
collected in Marquesas, FL USA (2003) in an unrelated trip were also
analyzed to compare the concentration of corticosterone between a
marine species with described levels (Rasmussen and Gruber, 1993)
and the unknown levels of this freshwater elasmobranch.

2.5. Water quality and net ion fluxes

The water parameters, temperature, dissolved oxygen levels (YSI
55 meter, USA), pH (YSI pH-100meter, USA) and electric conductivity
(Bernauer digital meter, Brazil), were measured directly from the
plastic boxes used for stingray transport during the sampling
procedure. Additional water samples were taken for further analysis
of alkalinity by titration (American Public Health Association, 1992),
total ammonia (NH3+NH4

+) determined by the salicylate method
(Verdouw et al., 1978), and net ion fluxes of Na+, K+ and Cl−.

Water Na+ and K+ levels were measured directly in a B462 flame
photometer (Micronal, Brazil) and Cl− levels by the colorimetric assay
described by Zall et al. (1956). Net ion fluxes (Jnet) were calculated
based on changes in the ion concentration of transported water over
the sampling periods according to the equation by Gonzalez et al.
(1998): Jnet=V([ion]1− [ion]2).(Mt)−1, where [ion]1 and [ion]2
are the bath ion concentrations at the beginning and end of the flux
period, respectively, V is the bath volume in liters, M is themass of the
fish in kg, and t is the duration of the flux period in h.

Waterborne ion levels (μmol L−1) in the igarapé were 7.22 Na+

and 2.19 K+. Initial waterborne ion levels in the fish boxes were
(μmol L−1, mean±SEM): Na+ 18.41±2.01, 19.12±1.87 and 31.98±
0.80; K+ 6.42±0.84, 12.78±1.44 and 11.80±0.45 for control,
antibiotic and probiotic groups, respectively.
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2.6. Statistical analysis

The data were expressed as the mean±SEM. The homogeneity of
variances between groups was tested with the Levene test. All the
measured parameters presented homogenous variances and the data
were compared by two-way ANOVA (treatment x time of transport)
followed by the Tukey test, except plasma urea and dissolved oxygen
values, which were compared by Kruskall–Wallis and multiple
comparisons of mean ranks. Corticosterone and ammonia results were
log transformed prior to statistical analyses. Software Statistica version
7.0 was used for statistical analysis and the minimum significance level
was set at Pb0.05.

3. Results

Plasma corticosterone levels did not show any significant differ-
ences due to treatment but did show significant changes over time.
Corticosterone basal and pre-transport levels were significantly lower
from the NO-ADD, AB and PB treatment levels in all three times.
Stingrays exposed to antibiotic for 12 h presented significantly lower
corticosterone levels than those exposed to antibiotic 24 h (Fig. 1).

Stingrays transported with antibiotic for 3 and 12 h and probiotic
for 12 h presented significantly lower plasma Cl− levels than basal
values (Fig. 2A). Plasma osmolarity of all treatments were significantly
lower than basal values, and 12 h after the beginning of the transport,
plasma osmolarity was significantly higher in those transported with
antibiotic and probiotic than before the transport. In addition, stingrays
from the control group also significantly increased plasma osmolarity
after 12 h of transport compared to the same group 3 h after transport
(Fig. 2B). Rays submitted to transportation presented Na+ and K+ net
effluxes (except those transported with antibiotic for 3 h), while those
transported with probiotic for 3 h showed significantly higher net Na+

effluxes than those from the other treatments. The use of antibiotics for
3 h led to a net K+ influx, while the other treatments showed net K+

effluxes at the same time of sampling. These differences were not
observed after 12 h of transport, and in rays transportedwith probiotics
netNa+andK+effluxesdecreasedafter12and24 h, respectively (Fig. 3).
Waterborne ammonia and conductivity levels increased progressively
but only after 24 h of transport and were significantly higher than basal
and before transport values (Fig. 4). Fish exposed to probiotic for 24 h
also presented significantly higher waterborne ammonia levels com-
pared to those exposed to probiotic for 3 h. Fish exposed to probiotic
for 3 h showed significantly lower ammonia excretion than control and

antibiotic exposed fish after the same time of transport. Fish exposed to
antibiotic for 3 h presented significantly higher ammonia excretion than
those exposed for 12 and 24 h (Fig. 5). After 12 and 24 h of transport
water pHwas significantly higher in all treatments groups (but probiotic-
exposed only 24 h) than basal and before transport values. No significant
differences were observed in glucose, Ht, RBC, MCV, urea, alkalinity,
temperature and oxygen levels (Tables 1 and 2).

4. Discussion

This study examined stress related changes in the hormonal and
osmoregulatory characteristics of P. cf. histrix subjected to a transport
experiment using water additives. For the first time corticosterone
levels have been determined for this species and with additional
blood and water parameters define the physiological stress response.
Baseline data will be instrumental in developing best management
practices for the ornamental industry and for future conservation
studies of this endemic Amazonian stingray.

Corticosterone (CS) is a highly conserved vertebrate hormone that
cannot be stored intracellularly, is synthesized and circulated on
demand and is therefore a great target for stress studies. Idler and
Truscott (1966) discovered a compound more polar than cortisol
described as 1alpha hydroxycorticosterone (1αHCS) using interrenal
incubates of the elasmobranchs Raja radiata and Raja ocellata. Several
other marine elasmobranchs (Truscott and Idler, 1972; Hazon and
Henderson, 1984; Armour et al., 1993) have been shown to produce
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this unique steroid hormone. This hormone has been a challenge to
measure since no commercial kit is available and methods to isolate
and synthesize (Manire et al., 2007) this hormone have not been
achieved, therefore this hormone was not measured in Cururu. It has
been suggested that corticosterone is a precursor of 1αHCS (Idler and
Truscott, 1967) and has been detected in several elasmobranchs (Idler
and Truscott, 1968; Truscott and Idler, 1968; Truscott and Idler, 1972;
Kime, 1977; Rasmussen and Gruber, 1990, 1993; Rasmussen and
Crow, 1993; Snelson et al., 1997) although in smaller quantities and
with a conflicting physiological role.

Questions about the non-pituitary regulation of interrenal activity
have been proposed (Hazon and Henderson, 1984) and dogfish
(Scyliorhinus canicula) that were hypophysectomized and kept alive
for 14 months still produced 1 α HCS. On the other hand while using
heterologous ACTH (porcine) the dogfish showed a dose dependent
increase in 1 α HCS (O'Toole et al., 1990). Similar results were found
for R. ocellata (Idler and Truscott, 1967) while incubating interrenal
tissue and adding ACTH, suggesting regulatory role of the pituitary
and that 1 α HCS was the major secretory product of the gland.

In vertebrates there are two common corticosteroid receptors
(CR); one regulates energy metabolism, immunity and stress re-
sponses which are glucocorticoid receptors (GR); and the others are
mineralocorticoid receptors (MR) which help regulate electrolyte
homeostasis. Both are thought to have evolved from a single ancestral
CR at least 470 million years ago (Thornton, 2001; Bridgham et al.,
2006). Corticosteroids have been shown to bindwith low specificity to
MR and GR in skates (Leucoraja erinacea) but MR is activated with low

concentrations while GR require higher concentrations (Carroll et al.,
2008).

Our findings suggest some possible CS responsiveness to transport
stress in P. cf. histrixwith baseline levels of 7 ng mL−1 in rays caught in
the wild, levels rose significantly in pre-transport stingrays to about
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10 ng mL−1, reaching an average of 64 ng mL−1 3 h after the transport
and finally reaching 136 ng mL−1 after 24 h of transport. These levels
are 6 fold higher than any value found in other elasmobranchs (Idler
and Truscott, 1967; Truscott and Idler, 1972; Rasmussen and Gruber,
1990, 1993; Snelson et al., 1997;Manire et al., 2007) suggesting it may
function as a glucocorticoid hormone. Glucose increase is a secondary
response and widely used as a measurement of stress (Mazeaud and
Mazeaud, 1981;Morgan and Iwama, 1997;Wendelaar Bonga, 1997) but
P. cf. histrix levels did not change significantly and that ismost likely due
to the fact that some elasmobranch species have shown an enhanced
reliance in the use of ketone bodies (Ballantyne, 1997) which has been
demonstrated in P. motoro (Speer- Roesch et al., 2006). If this is the case
corticosterone might be acting more like a “ketonecorticoid” since
studies in rats have found corresponding increases in ketone bodies
with elevations of stress related corticosterone (Ricart-Jane´ et al., 2002;
Teague et al., 2007). It is also possible that the moderate hypoxia the
rays experienced during transport did not trigger a hormonal response
or activation of glucogenolisys. In its natural environment, the flooded
forests and igarapés, the cururu stingray is usually exposed to low
oxygen levels. Therefore the non responsiveness of blood parameters to
transport stress must be interpreted with caution.

Secondary stress responses observed in fish include osmoregula-
tory disturbances (Eddy, 1981; McDonald and Milligan, 1997;
Wendelaar Bonga, 1997; Benfey and Biron, 2000; Wojtaszek et al.,
2002). Hazon and Henderson (1984) suggested that 1αHCS has some
influence in the osmoregulatory functions of urea in themarine dogfish
and, therefore, we speculate that high levels of CS may also play an
important role in osmoregulation in freshwater stingrays. Potamotrygon
sp. from the ion poor Rio Negro exhibited plasma ion levels typical
of freshwater teleosts and ammonia is the main nitrogen waste (Wood
et al., 2002). In the present study ammonia excretion rates, basal plasma
Cl−, urea and glucose levels were similar to values found byWood et al.
(2002), but plasma osmolarity and hematocrit were higher than the

previous study, probably due to the length of time that stingrays were
kept in captivity. Lower plasma Cl− and osmolarity but similar urea and
hematocrit levels in the same species were presented by Bittner and
Lang (1980), although no details regarding the rays maintenance or
collection were provided in that study. Maintenance of the rays in
netpens did not change CS and plasma Cl− levels compared to basal
values, but osmolarity decreased significantly, indicating that at least
some osmoregulatory imbalance occurred. The highest Na+ and K+

losses were observed after 3 h of transportation (except K+ in rays
exposed to antibiotics), which is in agreement with the CS increase
compared to basal and before transport levels. However, in spite of CS
levels remaining significantly higher than before transport values, Na+

and K+ losses decreased after 12 h of transportation. Plasma osmolarity
also did not return to basal values after 12 or 24 h of transportation.
Cardinal tetras, Paracheirodon axelrodi, and marbled hatchetfish,
Carnegiella strigata also collected from the middle Rio Negro and
transported using similar methodology, presented similar results, i.e., a
decrease in ion losses after 12–24 h of transport (compared to 3 h) and
maintenance of high cortisol levels through 24 h of transportation
(Gomes et al., 2008, 2009). The detected Na+ and K+ losses and
ammonia excretion rate from the stingrays can explain the significant
increase of water conductivity after 24 h of transport.

Certain blood variables like hematocrit and hemoglobin are
considered auxiliary stress response indicators (Morgan and Iwama,
1997; Tavares-Dias and Moraes, 2004). In other fish species the
stimulatory effect of catecholamines and cortisol promote the increase
in oxygen demand in the tissues (Morgan and Iwama, 1996),
demanding a quick differentiation and proliferation of erythrocytes.
The lack of significant changes in the blood variables, including red cell
count, hematocrit and MCV, as well as in glucose levels during the
course of transport might indicate that freshwater stingrays as well as
other elasmobranch species do not respond in the same way to the
general stress syndrome observed in several freshwater teleosts. In the
present study the hematocrit values found in the basal group of
stingrays were similar to those found in Potamotrygon hystrix under
freshwater conditions (21.6%, Bittner and Lang, 1980) and in the
Atlantic stingray Dasyatis sabina (21.5%, Piermarini and Evans, 1998)
as well as sharks species, Sphyrna tiburo (Carlson and Parsons, 2003),
and Heterodontus portusjacksoni, but slightly higher than in Mustelus
antarcticus (Frick et al., 2010). In a similar way, RBC counts and MCV
were in the range of other elasmobranchs (Wilhelm Filho et al., 1992;
Arnold, 2005; Brill et al., 2008).

In contrast to teleosts, when changes in cell volume, hematocrit,
hemoglobin concentration and hemoglobin oxygen affinity are ob-
served under stress conditions (Nikinmaa, 1990; Wendelaar Bonga,
1997), in some elasmobranch species erythrocytes do not respond to
catecholamine release (Lowe et al., 1995). Consequently there are no
measurable changes in red cell swelling and hematocrit (Brill et al.,
2008), and loading of erythrocytes from hemopoietic tissues (Opdyke
and Opdyke, 1971) are observed. In some cases the erythrocyte

Table 1
Physical and chemical parameters of water during transport procedures measured at
sampling time.

Treatments pH Temperature
(°C)

D.O.
(mg L−1)

Alkalinity
(ppm)

Basal 4.07±0.02 27.10±0.10 2.94±0.30 10.27±0.97
Before transport 5.30±0.03 27.00±0.08 4.77±0.23 9.24±0.81
Control 3 h 6.02±0.08 26.73±0.15 2.24±0.49 13.31±2.26
Antibiotic 3 h 6.03±0.07 26.70±0.13 2.13±0.48 11.73±0.93
Probiotic 3 h 5.74±0.07 26.55±0.21 3.00±0.64 10.05±0.57
Control 12 h 6.72±0.07a 26.48±0.45 4.52±0.66 9.53±1.09
Antibiotic 12 h 6.78±0.08a 26.37±0.17 3.09±0.64 10.27±1.23
Probiotic 12 h 6.50±0.06 26.05±0.19 2.77±0.49 10.41±0.96
Control 24 h 6.75±0.08a 28.33±0.27 2.76±0.56 15.18±2.58
Antibiotic 24 h 6.73±0.05a 28.43±0.23 1.59±0.36 16.13±1.47
Probiotic 24 h 6.65±0.09a 28.50±0.23 1.88±0.41 17.97±2.97

a Significantly different from basal and before transport levels.

Table 2
Blood variables obtained for the cururu stingrays during the transport experiment. No significant differences were observed.

Treatments Htc
(%)

RBC
(106μL−1)

MCV
(fL)

Glucose
(mmol L−1)

Urea
(mmol L−1)

Basal 22.61±0.89 0.39±0.03 588.1±39.13 1.65±0.06 0.15±0.03
Before transport 22.50±0.71 0.32±0.04 713.0±52.25 1.53±0.30 0.42±0.14
Control 3 h 21.92±0.99 0.30±0.02 725.4±43.14 1.94±0.22 0.21±0.05
Antibiotic 3 h 20.16±0.88 0.34±0.02 607.7±37.00 2.07±0.14 0.21±0.03
Probiotic 3 h 18.92±1.01 0.33±0.03 571.5±44.00 1.88±0.16 0.15±0.03
Control 12 h 18.50±1.02 0.28±0.01 642.6±30.55 1.71±0.21 0.28±0.03
Antibiotic 12 h 18.42±0.89 0.30±0.02 628.5±53.37 1.88±0.19 0.68±0.29
Probiotic 12 h 22.66±0.40 0.32±0.02 713.9±45.94 1.70±0.28 0.48±0.13
Control 24 h 19.67±1.58 0.30±0.02 650.1±52.82 1.25±0.22 0.11±0.02
Antibiotic 24 h 21.66±1.33 0.30±0.02 722.7±60.78 1.65±0.20 0.11±0.01
Probiotic 24 h 21.66±0.51 0.30±0.02 724.9±43.87 1.97±0.15 0.13±0.01
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swelling, instead of adrenergic action, is due to changes in body volume
and net influx of Cl− (and water), since red cell membranes in elas-
mobranchs aremore permeable to this ion than Na+ and K+ (Anderson
et al., 2007; Brill et al., 2008). However, in the Amazonian stingray,
transport conditions did not elicit an increase in red cell volume,
estimated by MCV values. The intensity of the observed changes in the
water quality parameters, i.e., increases in total ammonia levels, pH and
electric conductivity, and a concomitant decrease in dissolved oxygen
levels (~2.0 mg L−1), were not sufficient to promote adjustments in the
hematologic variables.

5. Conclusions

We can conclude that corticosterone can be used as an indicator of
stress for this species of Amazonian stingray which do not have a
typical teleost hyperglycemic reaction to stress. Their osmoregulatory
response is similar to most freshwater teleosts. The use of probiotic
and antibiotic aswater additives during transport did not reduce stress
related responses and should be avoided.
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