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a b s t r a c t :  S tan d a rd  b iochem ica l p a ra m e te rs  w e re  d e te rm in e d  in  w ild  juven ile  lo g g erh ead  sea
tu rtle s  C aretta  caretta  living offshore  M ad e ira  Is land , n o rth e a s t A tlantic. W e analyzed  th e  
in flu en ce  o f  age, sex, sea  su rface  te m p e ra tu re , a n d  b o d y  co n d itio n  index  o n  b iochem ica l 
p a ra m e te rs  in c lu d in g  u ric  acid, to ta l b iliru b in , to ta l cho les te ro l, c rea tin in e  k inase (CK ), glucose, 
to ta l p ro te in , u re a  n itro g en , lac ta te  deh y d ro g en ase , asp arta te  am in o tran sp h e ra se  (AST), gam m a- 
g lu tam yl tran sfe rase  (G G T ), a lbum in , alkaline p h o sp h a ta se  (A LP), sod ium  (NA), p o tassiu m  (K), 
ch lo ride , calc ium , p h o sp h o ru s , an d  m agnesium . S ignificant positive co rre la tions w ere  fo u n d  
b e tw e e n  tu r tle  b o d y  size an d  to ta l cho les te ro l, to ta l p ro te in , an d  a lbum in . T o ta l p ro te in  a n d  th e  
enzym es A ST an d  C K  w ere  low er th a n  re p o r te d  levels in  adults. C a lc ium  levels w e re  low er th an  
th o se  re p o r te d  in  ad u lt o r  cap tive  tu rtle s , b u t  sim ilar to  w ild  juveniles from  A ustra lian  w aters , an d  
w e re  in te rp re te d  as n o rm a l fo r this age category . T h ese  elata m ay  b e  u sefu l to  evalua te  th e  h ea lth  
sta tus o f  s tra n d e d  o r  in ju re d  anim als an d  to  im prove v e te r in a ry  ca re  at reh ab ilita tio n  cen te rs .

K ey w ords: B lood  b io ch em istry . C aretta  caretta , juven ile  pe lag ic  stage, lo g g e rh ead  sea
tu r tle .

INTRODUCTION

M arine turtle species are considered 
endangered  worldwide, with six of the 
seven species listed in th rea tened  catego­
ries, the exception being the Australian 
flatback Natator depressus, which is listed 
as ‘D ata D eficient’ (Polidoro et ah, 2008). 
All species are im p acted  by hum an  
activities at eveiy stage o f their life cycle. 
Loggerheads observed around M adeira 
and Azores Archipelagos (Portugal) are 
small juveniles originating mainly from the 
southeastern nesting beaches in the USA 
(Bolten et ah, 1998); they spend their first 
6—12-yr-long pelagic life stage in oceanic 
foraging habitats (Bjorndal et ah, 2000b, 
2003) before m igrating to neritic foraging 
habitats back on the w estern Atlantic. 
Therefore, they are considered visitors in 
these archipelagos w here they forage and 
grow during the juvenile pelagic phase 
(Bolten, 2003; Oliveira et ah, 2005).

A lthough research  and conservation 
efforts have produced  a large body of 
literature on loggerhead blood param eters 
(Frair and Shah, 1982; Lutz and D unbar- 
Cooper, 1987; Bolten et ah, 1992, 1994), 
data on biochem ical standard param eters 
for wild young individuals are scarce and 
recognized as necessary for different life 
stages o r cohorts w ithin a population 
(D eem  et ah, 2009). Two studies have 
b een  p u b lish ed  on a sim ilar pelagic 
population in the Canary Islands (Casal 
e t ah, 2009) bu t used rehabilitated turtles. 
M ore recently, F lint e t al. (2010) p e r­
form ed a com plete study in wild juvenile 
turtles from Australian waters.

The juvenile pelagic loggerhead popu­
lation has been  m onitored on M adeira 
Island since 1994 (Dellinger, 2007), and 
includes veiy young turtles, which p ro ­
vides a good fram ew ork  to b u ild  a 
reference for several health param eters. 
W e provide a population baseline profile
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for b lood  b iochem ical p a ram ete rs  in 
juvenile loggerhead turtles from the N orth 
Atlantic. Additionally, we tested  for corre­
lations betw een  these values and the 
individual’s size (age), body condition 
index (BCI), and sea surface tem perature 
(SST).

MATERIALS AND METHODS

T w en ty -seven  juven ile  w ild  lo g g e rh ead  sea 
tu r tle s  w ere  c a p tu re d  so u th  o f  M ad e ira  Is land , 
n o rth e a s t A tlan tic  (32U3 2 'N , 1 6 U5 9 'W ) b e ­
tw een  M ay an d  Ju ly  2006 u sin g  a scoop  n e t 
(D e llin g e r e t  al., 1997) a n d  b ro u g h t in to  land- 
b a se d  facilities. T h ey  w ere  clin ically  ex am in ed  
an d  acc lim atized  ov ern ig h t in tanks filled  w ith  
seaw a te r (vo lum e 75—1,000 1 d e p e n d in g  o n  th e  
tu r t le ’s size). T h e  tanks w e re  k ep t at room  
te m p e ra tu re  in  a q u ie t area. F o o d  w as n o t 
p ro v id e d  a n d  tu r tle s  w e re  re le a se d  u n h a rm e d  
a fte r  sam pling , usually  w ith in  24 hr.

B lood  sam ples w e re  d raw n  early  in  th e  
m o rn in g  a f te r  c a p tu re , b e fo re  any  o th e r  
m an ip u la tio n , an d  w ere  p e rfo rm e d  12—18 h r  
a fte r  c a p tu re  to  avoid poss ib le  effec ts o f 
acu te  h an d lin g  stress (G rego ry  e t  a l ,  1996). 
U p  to  4 m l w ere  co llec ted  from  th e  dorsa l 
post-o cc ip ita l sinus in to  B D  V acu ta in e rs™  
(P reana ly tica l S o lu tions, B elliver In d u s tria l 
E s ta te , P lym ou th , U K ). Sam ples w e re  c lo tted  
fo r 20—30 m in  an d  th e  se ru m  d e c a n te d  was 
rem o v ed  in to  cryogen ic  vials an d  im m ed ia te ly  
fro z e n  a t —20 C . S e ru m  analyses w e re  
p e rfo rm e d  2 -4  w k afte r b lo o d  sam plings at 
th e  V e te rin a ry  an d  F o o d  Safety  L ab o ra to ry  
usin g  an  au to -an a ly zer (S po tc liem  E Z  SP 
4430, A rkray  F ac to ry  Shanghai, Inc ., P udong , 
Shanghai, C h ina), an d  th e  m u ltip a ram e tric  
analyzer Spotly te  (M en arin i D iagnostics, L is­
b o n , P o rtuga l) was u se d  fo r ions. S ev en teen  
b io c h e m ic a l p a ra m e te r s  w e re  e v a lu a te d  
(T ab le  1). S tan d a rd  b io m e tr ic  p ro c e d u re s  fo l­
low ed  B o lten  (1999); stra ig h t c a rap ace  len g th  
u n til n o tch  S C L (n t), w as u se d  as b o d y  size 
ind ica to r. E a c h  tu r tle  w as tag g ed  w ith  a 
passive  in te g ra te d  tra n s p o n d e r  (P E T ) tag  
(A vid T echno logy , In c ., N ew  York, N ew  
York, USA) in  th e  r ig h t f ro n t flipper. A b o d y  
co n d itio n  index  (body  m ass/S C L 3; B jo rndal 
e t  a l ,  2000a) w as ca lc u la ted  to  eva lua te  th e  
size vs. m ass re la tio n sh ip . Sex d e te rm in a tio n  
w as d o n e  th ro u g h  laparo scopy  (D elg ad o  e t 
a l ,  2010). Sea surface  te m p e ra tu re  d a ta  w ere  
p ro v id e d  b y  th e  H a rb o r  A d m in is tra tio n  
F u n ch a l, M ad e ira  Is land , P ortugal.

D a ta  w ere  sta tistically  analyzed  w ith  th e  
SPSS 15.0 so ftw are  p ack ag e  (IB M  SPSS,

A rm o n k , N ew  Y ork, U SA ) a n d  sta tis tic a l 
sign ificance ac c e p te d  a t P < 0.05. N o n p a ram e t- 
ric  sta tistica l tes ts  (S p ea rm an  an d  P ea rso n  
c o rre la tio n ) w e re  u se d  d u e  to  n o n n o rm a l 
d is tr ib u tio n  o f  data .

RESULTS

The 27 turtles (17 females, eight males, 
two u n d e te rm in ed ) sam pled  averaged 
(m ea n ± S D ) 3 6 5 .2 6 ± 8 9 .4 6  m m  long, 
SC L (nt), and  w eighed  9 .0 1 ± 5 .3 3  kg 
(Table 1). M edian B C I was 0 .0158±  
0.001 (/i =  27). N one o f the turtles p re ­
sented external signs of fibropapillom a or 
o ther indicators of poor health such as 
emaciation, dehydration, or external para­
sites. Values and descriptive statistics for 
all biochem ical and biom etric param eters 
are p resen ted  in Table 1. Biochemical 
analyses could not be com pleted across 
all param eters and individuals due to 
lim ited sample volume. The sex-ratio was 
fem ale-biased (—2:1) and reflects this 
population’s natural sex-ratio (Delgado et 
ah, 2010). Sea surface tem perature aver­
aged 20.93 C (range=  17.9—24.3). Only 
total cholesterol (P=0.42), total protein 
(P = 0.72), and album in (P = 0.60) were 
positively correlated with SCL.

DISCUSSION

O ur results differ from those o f Bolten 
et al. (1994), in which 22 o f 26 blood 
param eters w ere significantly related  to 
the turtle body size. These discrepancies 
may be due to the individuals’ small size 
and, consequently, the im m ature status of 
the animals sam pled in our study com ­
pared  to those of Bolten et al. (1994) who 
sam pled  rep roductive ly  active adults. 
Considering only young turtles, a positive 
correlation  betw een  to tal p ro te in  and 
tu rtle  size has b ee n  d o cu m en ted  in 
juvenile green  turtles Chelonia m ydas  
(Bolten and Bjorndal, 1992).

O ur data may be com pared with those 
o f F lint e t al. (2010). D espite the different 
populations and geographic areas, both 
studies included animals from the same
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T a b l e  1. Plasma biochemistry values and physical parameters for juvenile loggerhead sea turtles (Caretta 
caretta) captured from Madeira Island waters, May—July 2006.

Variablea Mean value Range Medianb n

Uric acid rng/dl 1.40 1.00-2.40 1.30 17
Total bilirubin  rng/dl 0.44 0.20-1.20 0.35 18
Total cholesterol rng/dl 105.83 60.00-200.00 101.00 24
CK rng/dl 0.40 0.30-0.50 0.40 4
Glucose rng/dl 130.27 71.00-197.00 132.00 26
Total p ro tein  g/1 2.93 2.10-4.00 3.00 21
U rea nitrogen rng/dl 183.85 62.06-344.54 201.16 25
AST/SGOT UI/1 " 93.94 13.00-238.00 78.50 18
GG T U/l 33.17 14.00-52.00 31.50 6
Album in g/1 1.38 1.00-2.00 1.30 14
ALP U/l " 74.53 51.00-120.00 68.00 17
Sodium  rnMol/1 149.62 135.90-166.20 149.80 26
Potassium  rnMol/1 4.68 3.70-7.30 4.50 26
C hloride rnMol/1 116.09 100.00-136.00 116.00 26
Calcium  rng/dl 4.90 3.10-7.10 5.10 18
Phosphorus rng/dl 7.24 3.30-13.40 7.40 19
M agnesium  rng/dl 4.48 2.90-5.50 4.70 10
SCL(nt) (rnm J 365.26 197.00-519.00 N C 27
W eight (kg) 9.01 1.19-20.67 N C 26
BCI 0.02 0.01-0.02 N C 26

a CK = creatinine kinase; AST/S GOT = aspartate aminotransferase; GGT = gamma glutamyl-transferase; ALP = 
alkaline phosphatase; SCL(nt) = straight carapace length until notch; BCI =  body condition index. 

b NC = not calculated.

species, wild condition, and life stage. A 
considerable difference was observed in 
the levels of total p rotein  and albumin 
(2.93 and 1.38, respectively), which were 
lower in turtles from the M adeira Archi­
pelago than the lower limit (29 and 5, 
respectively) found in turtles from A ustra­
lian Pacific loggerheads. D u e  to the 
positive correlation betw een protein val­
ues and body size detected  in the present 
study, the lower protein  values observed in 
the M adeira population could be  justified 
based on differences in the size of turtles 
from both  areas. In our study, turtles 
averaged 365.3 mm long whereas those 
from Australia averaged 838 mm.

According to general previous data, our 
results fell within the known ranges for 
total cholesterol (Campbell, 1996; Jacob­
son et ah, 2007), album in (George, 1997; 
W hitaker and Krum, 1999; Jacobson et ah, 
2007; D eem  et ah, 2009), chloride and 
phosphorus (Fiye, 1991; Cam pbell, 1996; 
George, 1997; W hitaker and Krum, 1999;

Jacobson et ah, 2007). Levels of uric acid 
(Campbell, 1996; W hitaker and Krum, 
1999; Jacobson et ah, 2007), CK (C am p­
bell, 1996), glucose (Fiye, 1991; C am p­
bell, 1996; George, 1997; W hitaker and 
Krum, 1999; Jacobson et ah, 2007), GGT 
(Jacobson et ah, 2007; D eem  et ah, 2009), 
ALP (C am pbell, 1996; G eorge, 1997; 
W hitaker and Krum , 1999; Jacobson et 
ah, 2007), and K (Fiye, 1991; Cam pbell, 
1996; George, 1997; W hitaker and Krum, 
1999; Jacobson et ah, 2007; D eem  et ah,
2009) w ere  w ith in  the  u p p e r  ranges 
referenced  in several literature sources.

Values o f to ta l b iliru b in  and  u rea  
nitrogen w ere elevated (Cam pbell, 1996; 
W hitaker and Krum, 1999; Flint et ah,
2010). Increased urea is usually observed 
in cases o f kidney failure, dehydration, 
rich pro tein  diet, or excessive protein 
breakdown. However, the elevated levels 
o f u rea nitrogen seem not to be related 
directly with diet because total protein 
levels w ere low, and even captive logger­
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heads fed  the same diet also showed 
widely different u rea  values (Lutz and 
D unbar-C ooper, 1987). D ehydration was 
not observed in the turtles we studied and, 
even in dehydrated turtles, total protein 
should be relatively high. As urea is a final 
p roduct o f protein catabolism, a plausible 
explanation is an increase o f p ro te in  
breakdown during acclimatization when 
food was not provided.

The enzymes AST and CK w ere slightly 
below  known levels (Bolten et ah, 1994; 
Cam pbell, 1996). Although below  refer­
ence values, Na levels w ere close to 
norm al ranges (Frye, 1991; Cam pbell, 
1996; George, 1997; W hitaker and Krum, 
1999; Jacobson et ah, 2007) and betw een 
the reference values cited for juvenile 
turtles from Australian waters.

Some factors may justify the low total 
p rotein  and calcium levels found in our 
study in relation to o ther studies. In 
turtles, nutrition, season, and environm en­
tal factors such as lead pollutants have a 
significant effect on serum  protein (Frair 
and Shah, 1982). Postpelagic juvenile and 
adult loggerhead turtles are essentially 
carn ivorous (B jorndal, 1997), feed ing  
mainly on benthic mollusks, crustaceans, 
and coelenterates (Dodd, 1988), whereas 
juveniles feed mainly on jellyfish (Bjorn­
dal, 1997). As loggerheads grow, they 
appear to feed at progressively higher 
trophic levels, consum ing food higher in 
nitrogen (Godley et ah, 1998). Thus, the 
relatively low total protein levels found in 
our study may be  attribu ted  to the low 
energy density and protein  content of 
jellyfish (Doyle et ah, 2007) as well as to 
the lower trophic status (Godley et ah, 
1998). The significant correlation betw een 
carapace length and protein  concentration 
was also previously described for all seven 
sea turtle species (Frair and Shah, 1982), 
except Natator depressus, which was not 
included in that study. Apart from the 
differences due to the veiy small body size 
o f M adeiran turtles w hen com pared to 
young turtles from the Pacific (Flint et ah,
2010), we could not discard the effect of

chronic exposure to heavy m etal contam ­
ination on the plasm a protein concentra­
tions o f the sea tu rtle  population under 
study. Previous studies showed high levels 
o f m ercury and cadm ium  in the hepatic, 
kidney, skin, and muscle tissues of m arine 
species from M adeira Archipelago (Afonso 
et ah, 2007). M ercury is usually listed as a 
general protoplasm atic poison, and many 
o f its effects are attributable to the fact 
that, as a heavy metal, it can act as a 
protein  precipitant. An experim ent p e r­
form ed in dogs verified that induced  
hypoproteinem ia p ro tec ted  the animals 
against lethal m ercuric chloride poisoning 
injuries (Holm an and Donnelly, 1942), 
and this m ethod is still used in hum an 
m edicine (Koch and Trapp, 2006). As our 
objective was not focused on this subject, 
we recom m end future studies to verify the 
relationship betw een heavy m etal contam ­
ination and the  oscillation on plasm a 
proteins in this population.

Calcium levels w ere lower than in most 
previous studies (Campbell, 1996; ISIS, 
1999; W hitaker and Krum , 1999) bu t 
sim ilar to th e  values found  in wild 
juveniles turtles from Australia (Flint et 
ah, 2010). W e believe the relatively low 
levels o f this ion may be related  to the age 
and the natural condition of these juvenile 
turtles, as most previous work was done on 
adult, subadult, or captive juvenile turtles. 
In the wild, physiologic condition is highly 
related  to the ecologie niche and the 
probability o f finding food. Juvenile turtles 
live in the open sea, do not dive as deep as 
the adults do, and feed mainly on jellyfish 
low in calcium, whereas adult turtles live 
near the coasts and have mollusks as an 
im portant item  in their diet. Considering 
the poor calcium content o f the diet and 
the active growth in this life stage, it is 
reasonable that the observed values of 
calcium are physiologically norm al for wild 
juvenile turtles. M oreover, oscillations of 
serum  calcium concentrations related  to 
the individual’s sex, or due to reproductive 
status as known for o ther reptiles (Des- 
sauer, 1970; A llender et ah, 2006), do not
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make sense in our sample. W e suggest that 
the calcium levels p resen ted  at the juve­
nile stage are the baseline levels for this 
developm ental stage, as opposed to m uch 
higher levels docum ented at o lder stages, 
and for specific physiologic stages such as 
reproduction (Lance, 1976).

Param eters such as glucose and chlo­
ride, Na, and K w ere rem arkable in their 
constancy and w ere within the reference 
intervals p resen ted  for wild young logger­
head  turtles (Flint e t ah, 2010). These ions 
have a critical physiologic role for enzyme 
function (Hochachka and Somero, 1984), 
dem onstrating the need  for a relatively 
tight control of their levels in o rder to 
m aintain physiologic homeostasis, in con­
trast to o ther biochem ical param eters that 
can show w ider oscillations while rem ain­
ing w ith in  safe a physiologic range. 
D ifferences in many param eters, com ­
p ared  to the adult or subadult conspecif- 
ics, m ay also reflect on togenetic  and 
geographic differences in diet or digestive 
efficiency (H am ann et ah, 2006).

Although the ra ther small sample size of 
this study may account for some of the 
high variance o f most biochem ical param ­
eters, similar studies using large sample 
sizes have also reported  high variability 
(Stam per et ah, 2005), indicating that our 
findings reflect natu ra l individual and 
population variability.

The use o f reference values to diagnose 
or screen for disease implies that health is 
a relative concept; clinical examination, 
evaluation o f laboratory data, and diag­
nostic imaging findings all require com ­
parison to a reference standard (Walton, 
2001). To our knowledge, this is one of the 
first studies assessing blood biochem ical 
values in pelagic loggerhead populations 
and represents a unique dataset for wild, 
free-ranging oceanic juveniles of C. car­
etta  from  th e  N orth  A tlantic O cean. 
Additionally, our results point to a few 
differences that may have physiologic, 
ontogenetic significance betw een the ju ­
venile oceanic developm ental stage and 
older life stages.
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