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Abstract

Fibropapillomatosis (FP) can be an important conservation threat to green sea turtles
(Chelonia mydas) due to its widespread distribution and complex aetiology. Thus, under-
standing the impacts of FP in sea turtle populations is a research priority towards conservation
efforts. The body condition index (BCI), based on straight carapace length (SCL) and body
mass (BM), is an accurate indicator of body-nutritional condition that can be used in routine
green turtle health evaluations. This study aimed to compare BCI in FP-free (N = 369) and
FP-affected (N = 518) green turtles from Brazilian feeding areas. Body condition indices
were evaluated in terms of the South-west Atlantic Fibropapillomatosis Score – FPSSWA

(mild, moderate and severe), study sites (five Brazilian states), origin (intentional capture, fish-
ery, stranding and afloat) and sex (when known). Curved and straight carapace lengths, and
body mass were recorded in order to calculate BCI. Statistical analysis revealed significant dif-
ferences in BCI among green turtles from different study areas (P = 0.02), and lower BCI
values in FP-free than in FP-positive individuals (P < 0.0001). With regards to origin, the
highest BCI was found in the intentional capture group (N = 245; 1.47 ± 0.16), followed by
fishery (N = 180; 1.46 ± 0.20). Analysis according to sex revealed a higher mean BCI among
females than males (P < 0.017). This study provides relevant data on the health and nutritional
status of green turtles along the Brazilian coast, in important feeding areas for this species.

Introduction

Green turtles (Chelonia mydas) (Linnaeus 1758) have a unique and complex life history (Carr,
1982; Meylan et al., 1990), marked by an ontogenetic shift from omnivorous during the pelagic
phase (straight carapace length about 20–30 cm) to herbivorous in coastal areas (Mortimer,
1982; Bjorndal, 1997; Limpus & Limpus, 2000; Meylan & Meylan, 2000; Bolten, 2003;
Arthur et al., 2008). In early life stages, this species takes up residence along the coast, occu-
pying developmental habitats and returning to specific areas for foraging, only leaving after
reaching sexual maturity in order to perform breeding migrations (Musick & Limpus, 1997;
Chaloupka et al., 2004; Limpus et al., 2005). Juvenile green turtles are very common along
the Brazilian coast accounting for a high proportion of occurrences (e.g. stranding, sighting
and bycatch) and they can also be found in pelagic areas, especially on the north-east coast
(Sales et al., 2008; Santos et al., 2011).

Studies on the growth rate of wild green turtles, especially in feeding areas, are necessary to
understand demographics and to create successful management and conservation plans
(Bjorndal et al., 2000). According to Thomson et al. (2009), body condition assessment pro-
vides valuable data on ecology and conservation biology. Furthermore, it impacts on behav-
ioural decisions and physiological processes that directly or indirectly influence fitness.
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Studies on haematological and biochemical parameters have
indicated reference intervals for green turtles, and contribute to
the determination of their health status; a helpful tool in decision-
making regarding rehabilitation and release (Bolten & Bjorndal,
1992; Aguirre et al., 1995; Hasbún et al., 1998; Samour et al.,
1998; Hamman et al., 2006; Flint et al., 2010; Fong et al., 2010;
Osborne et al., 2010; Labrada et al., 2010a, 2010b; Anderson
et al., 2011; Hirama et al., 2014; Lewbart et al., 2014).
Variability in haematological and biochemical values may also
occur in healthy turtles according to their geographic location,
habitat, genetics, maturity, sex, breeding and migratory status,
and diet (Herbst & Jacobson, 2003; Stamper et al., 2005; Deem
et al., 2006; Hamann et al., 2006; Whiting et al., 2007). A few
studies have combined parameters from the same geographic sub-
population of marine turtles using the results to identify
unhealthy individuals (Flint et al., 2010; Lewbart et al., 2014).

Body condition index (BCI) is an objective and accurate indi-
cator, based on the length–body mass relationship of the individ-
ual, previously used in several wildlife species to evaluate
individual health (Stevenson & Woods, 2006). It is used as part
of green turtle routine health evaluations and/or field assessments,
and may correlate with biochemical changes and to the general
health condition of green turtles with and without fibropapillo-
matosis (Flint et al., 2010; Santos et al., 2015).

Fibropapillomatosis (FP) is a neoplastic disease included in the
list of sea turtle priority research issues (Hamann et al., 2010). It is

characterized by skin tumours that can reach a large enough size
to hamper mobility and foraging of affected individuals (Aguirre
& Lutz, 2004). It has been suggested that associated herpesvirus,
either as a group of close viruses or variants with regional distri-
butions, had diverged long before FP emerged as a panzootic, sug-
gesting that environmental or ecological factors are relevant to the
global occurrence of FP (Hargrove et al., 2016). Molecular diag-
nostic data suggest that an alphaherpesvirus, currently known
as Chelonid alphaherpesvirus 5 (ChHV5), is the aetiological
agent of FP (Lackovich et al., 1999; Quackenbush et al., 2001;
Ene et al., 2005; Work et al., 2009; Duarte et al., 2012; Patricio
et al., 2012; Rodenbusch et al., 2014; Gattamorta, 2015; Monezi
et al., 2016). However, environmental pollutants may also play a
role in tumour development and they need to be investigated
(Aguirre & Lutz, 2004; Van Houtan et al., 2010; Keller et al.,
2014; Hargrove et al., 2016; Vilca et al., 2018). In Brazil, FP is con-
sidered an important threat to sea turtles, especially for green tur-
tles, the most affected species (Herbst et al., 1998; Matushima
et al., 2001; Santos et al., 2010). FP prevalence in green turtles
in Brazil varies according to geographic regions: higher in Ceará
state, followed by Rio Grande do Norte, Espírito Santo and
Sergipe states (Baptistotte, 2016).

We compared BCI in FP-free and FP-affected green turtles
from the Brazilian coast according to their origin (intentional cap-
ture, fishery, stranding and afloat), sex and FP score to evaluate
the potential of BCI as a tool for future FP studies in this species.

Fig. 1. Linear regression between curved carapace length (CCL) and straight carapace length (SCL) from green turtles studied along the Brazilian coast (R-squared =
97.6%, P-value < 0.0001).
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Materials and methods

Data collection

Individual biometric data (CCL and body mass – BM) were
recorded in order to calculate the BCI, according to Bjorndal
et al. (2000): BCI = BM (kg)/SCL3 (cm); SCL = straight carapace
length. Since BCI is calculated with SCL and we had data on
CCL, we needed a linear regression (appropriate for individuals
found in Brazil) in order to predict an individual’s SCL based
on its CCL. Therefore, CCL and SCL were recorded from another
107 green turtles captured in Espírito Santo state, and evaluated
by a single person in order to avoid measurement variations.
Theobtained linear regressionmodelwasused toanalyse the relation-
ship between CCL and SCL: SCL = 0.93 * CCL – 0.28 (R-squared =
97.6%, P-value < 0.0001, root-mean-square error = 1.1) (Figure 1).
This allowed calculation of SCL for green turtles with only CCL
values. A flexible tape was used to measure CCL, while an
anthropometric caliper was employed for SCL measurements.
The 887 examined individuals presented SCL ranging from 20.1
to 103.2 cm (37.3 ± 7.5 cm), therefore classified as juveniles and
adults, and their body mass ranged from 1.2 to 160 kg
(8.1 ± 7.7 kg).

Plastron shape visual assessment was employed for Subjective
Body Condition (SBC) in a subset of the total FP-free green tur-
tles (N = 454). These individuals were found dead, thus it was eas-
ier to manipulate and fully visualize the plastron. Based on this
method, individuals were classified into three categories according
to the plastron descriptions made by Thomson et al. (2009): good
(convex), regular (flat) and poor (concave).

The sex of live green turtles was not determined because they
were juveniles, therefore with no external sexual dimorphism. The
sex was only determined in dead individuals during carcass exam-
ination and based on the analysis of gonads.

FP tumours were individually counted and classified into four
size categories based on their diameter: A (<1 cm), B (1–4 cm),
C (>4–10 cm) and D (>10 cm) (Work & Balazs, 1999). Then,
the total number of tumours was calculated for each size category
(NA, NB, NC and ND; N = number of tumours in each A–D size
category), and classified according to the South-west Atlantic
Fibropapillomatosis Score (FPSSWA): mild, moderate and severe
(Rossi et al., 2016).

This study followed the Ethical Principles in Animal Research
adopted by the Ethics Committee in the use of animals (Comissão
de Ética no Uso de Animais) of the Faculdade de Medicina
Veterinária e Zootecnia, Universidade de São Paulo (697/2005,
1932/2010, 2116/2010 and 2555/2012), and was approved by
the Chico Mendes Institute for Biodiversity Conservation
(ICMBio) – Ministry of the Environment through the
Biodiversity Information and Authorization System (SISBIO)
numbers 22751, 26667, 21802 and 32636.

Data analysis

Individuals were analysed according to (1) the presence or
absence of FP, (2) FPSSWA, (3) study site, (4) origin (intentional
capture, fishery, stranding and afloat) and (5) sex (female or
male, when known).

The Mann–Whitney and Kruskal–Wallis non-parametric
hypothesis tests were used to detect differences between BCI
among individuals in different category variables (FP status,
FPSSWA, study site, origin and sex); the first test to compare
two groups and the second to compare three or more groups.
The Dunn’s test was used to perform the post-hoc analysis.
Simple linear regression was employed to analyse the relationship
between quantitative variables. Results were considered significant
when P-value < 0.05. Logistic regression was applied to study dif-
ferences in the proportion of FP-affected individuals among study
areas. Mean and standard deviation are presented in the following
notation: mean ± standard deviation. Analyses were performed
using R software (R Core Team, 2016), with readxl (Wickham
& Bryan, 2017), ggplot2 (Wickham, 2009), EnvStats (Millard,
2013), dunn.test (Dinno, 2017) and ggpubr packages
(Kassambara, 2017).

Results

Examined green turtles

We studied a total of 887 green turtles (518 FP-free and 369
FP-affected), either captured, rescued or found stranded dead
along the coastal feeding areas of five Brazilian states by the
Projeto TAMAR, between 2005 and 2014 (Figure 2). The curved
carapace length (CCL) ranged from 26.1 to 111.3 cm in FP-free,
and between 30.2 and 68.5 cm in CCL of FP-affected individuals.

Body condition index and Subjective Body Condition

The BCI of FP-free green turtles ranged from 0.70 to 2.24 (1.32 ±
0.24). According to the SBC, we classified 280 individuals as good,
68 as regular and 106 as poor. Visual analysis of the relationship
between BCI and SBC from 454 FP-free individuals revealed that
the visual assessment provides a clear classification between the
regular and poor, but not between the regular and good scores
(Figure 3A).

Body condition index and fibropapillomatosis

Tumour counts and anatomical distribution were evaluated in 221
out of 369 FP-affected green sea turtles (59.89%). The BCI of
FP-free individuals ranged from 0.70 to 2.24 (1.32 ± 0.24), and
between 0.73 and 2.0 (1.41 ± 0.22) in FP-affected individuals.
There was a significant statistical difference in the mean BCI
scores between FP-free and FP-affected green turtles (Mann–
Whitney test, P < 0.0001; Table 1, Figure 3B).

A more detailed analysis splitting the data between different
origins revealed statistically significant differences between
FP-affected and FP-free individuals are present in the intentional

Fig. 2. Geographic distribution of study area. In parentheses: total number of green
turtles per state.
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capture (P = 0.008) and afloat (P = 0.019) groups, but not in the
fishery (P = 0.125) or stranding (P = 0.138) groups. In all compar-
isons, FP-affected individuals had a higher BCI than FP-free indi-
viduals (Figure 4).

There was no statistical difference in BCI among green sea
turtles classified according with FPSSWA: mild (1.36 ± 0.22; N =
135), moderate (1.33 ± 0.20; N = 48), and severe (1.41 ± 0.25; n
= 38) (Kruskal–Wallis test, P = 0.22) (see Table 1). There was
also no correlation between BCI and FPI (linear regression
analysis, P = 0.10). Figure 3C shows that BCI distribution is simi-
lar among green turtles in spite of FP and FPSSWA.

Study areas and fibropapillomatosis

The proportion of FP-affected individuals varied among different
geographic locations (Figure 1). Higher proportions of
FP-affected turtles were found on Espírito Santo (44.6%; 255/
572) and São Paulo (41.6%; 96/231), followed by Rio de Janeiro

(31.3%; 5/16), Ceará (23.7%; 9/38), Bahia (17.4%; 4/23), Sergipe
(0%; 0/3) and Santa Catarina (0%; 0/4). A logistic regression ana-
lysis (excluding Sergipe and Santa Catarina due to the small num-
ber of examined green turtles) showed that individuals from
Espírito Santo (OR = 3.8, IC 95% = 1.42–13.3, P = 0.016) and
São Paulo (OR = 3.4, IC 95% = 1.22–11.93, P = 0.032) were more
likely to be affected by FP than individuals from Bahia (used as
reference).

Body condition index among study areas

TheKruskal–Wallis test showed a significant statistical difference in
turtle BCI among study areas (P = 0.02), and the post-hoc Dunn’s
test multiple comparison analysis revealed one statistically signifi-
cant difference, between São Paulo and Bahia states (P = 0.047).
Visual (Figure 3D) and numerical (Table 1) analyses suggest that
this difference is very small, since the biggest BCI difference
among study areas is around 0.1, while standard deviation is

Fig. 3. (A) Relationship between Subjective Body Condition (SBC) and body condition index (BCI) from FP-free green turtles studied along the Brazilian coast.
(B) BCI from green turtles with and without fibropapillomatosis (FP). (C) BCI according to South-west Atlantic Fibropapillomatosis Score (FPSSWA). (D) BCI of
green turtles from different study areas. (E) BCI among different origins. (F) BCI according to sex.
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often between 0.1 and 0.3. We removed the states of Santa Catarina
and Sergipe from this analysis due to the small number of indivi-
duals from these areas (4 and 3, respectively).

Body condition index and origin of green turtles

ThehighestBCIwas found in the intentional capture group (N = 245;
1.47 ± 0.16), followed by fishery (N = 180; 1.46 ± 0.20), stranding (N
= 412; 1.28 ± 0.24) and afloat groups (N = 50; 1.19 ± 0.26) (Table 1).

There was a significant statistical difference in the BCI values
among green turtles with different origins (Kruskal–Wallis test, P
< 0.001). Post hoc analysis revealed no differences between fishery
and intentional capture (P = 1.000), and between stranding and
afloat groups (P = 0.053); fishery and intentional capture had BCI
values higher than the other groups (P < 0.001; Figure 3E).

Body condition index and sex

BCI values were higher in females (N = 347; 1.30 ± 0.25) than in
males (N = 109; 1.24 ± 0.24) (Mann–Whitney test, P < 0.017)
(Figure 3F).

Discussion

Rapid visual-assessment techniques of physical condition charac-
terization are useful in field studies of wildlife health status
(Thomson et al., 2009); however, we observed that such techni-
ques are adequate to differentiate between regular and poor, but
not between good and regular body conditions, in which the

employment of BCI techniques is indicated. Preliminary studies
on green turtles captured in Brazilian feeding areas revealed the
same results; that the subjective assessment is reliable for indivi-
duals in poor condition but is unclear for green turtles classified
as regular and good (Sánchez-Sarmiento et al., 2012). Another
study carried out in Brazil demonstrated that the subjective
body condition had a good relationship with BCI when examined
by a single observer, avoiding inter-observer variation (Santos
et al., 2015).

Body condition index of FP-free individuals ranged between
0.50 and 2.59 (1.33 ± 0.25). A study conducted in Baja
California, Mexico, from 1995 to 2002, demonstrated that green
turtles (probably immature based on SCL measurements) pre-
sented BCI ranging from 1.03 to 2.19 (1.42 ± 0.015; N = 102)
(Seminoff et al., 2003). A long-term monitoring of green turtles
in the same area revealed a BCI between 0.67 and 2.30 (from
1.27 ± 0.23 to 1.38 ± 0.13; N = 1169), including both juvenile
and adult individuals (López-Castro et al., 2010). We found simi-
lar results, and conclude that the few observed differences may be
due to food availability in their studied habitat (Mexico and
Brazil) and their metabolism.

Depending on the size, number and anatomical position, cuta-
neous tumours may interfere with movement, food ingestion,
growth, reproduction, vision and the ability to avoid predators
(Herbst, 1994; Adnyana et al., 1997; George, 1997). We expected
affected individuals to have a lower BCI than non-affected ones.
However, we found higher BCI values in FP-affected individuals
in comparison with FP-free, and a significant difference between
the two categories (P < 0.0001); in contrast with previous studies

Table 1. Body condition index of green turtles studied in Brazilian feeding areas between 2005 and 2014

Variable Number of specimens

Body condition index

Mean ± SD 95% CI (mean) Median (Q1; Q3)

Fibropapillomatosis

FP-negative a 518 1.33 ± 0.24 1.31–1.35 1.36 (1.17; 1.49)

FP-positive b 369 1.41 ± 0.22 1.39–1.43 1.43 (1.29; 1.56)

FPSSWA

Mild 135 1.36 ± 0.22 1.32–1.40 1.37 (1.24; 1.49)

Moderate 48 1.33 ± 0.20 1.27–1.38 1.36 (1.20; 1.46)

Severe 38 1.41 ± 0.25 1.32–1.49 1.44 (1.27; 1.58)

Study area

Ceará (CE) ab 38 1.38 ± 0.17 1.32–1.44 1.39 (1.29; 1.51)

Bahia (BA) a 23 1.30 ± 0.11 1.26–1.35 1.31 (1.25; 1.37)

Espírito Santo (ES) ab 572 1.35 ± 0.24 1.33–1.37 1.40 (1.21; 1.51)

Rio de Janeiro (RJ) ab 16 1.29 ± 0.26 1.15–1.43 1.25 (1.09; 1.44)

São Paulo (SP) b 231 1.39 ± 0.25 1.36–1.43 1.43 (1.21; 1.57)

Origin

Intentional capture a 245 1.47 ± 0.16 1.45–1.49 1.47 (1.37; 1.58)

Fishery a 180 1.46 ± 0.20 1.43–1.48 1.47 (1.34; 1.59)

Stranding b 412 1.28 ± 0.24 1.25–1.30 1.30 (1.09; 1.45)

Afloat b 50 1.19 ± 0.26 1.12–1.27 1.14 (1.01; 1.30)

Sex

Female a 347 1.30 ± 0.25 1.27–1.33 1.34 (1.10; 1.47)

Male b 109 1.24 ± 0.24 1.19–1.28 1.27 (1.05; 1.42)

FP, Fibropapillomatosis; FPSSWA, South-west Atlantic Fibropapillomatosis Score; SD, standard deviation; CI, confidence interval; Q1, 25th percentile; Q3, 75th percentile. Superscript letters
indicate categories for which BCI was statistically different.
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that revealed no significant difference in BCI values according to
the presence and absence of FP or FP severity scores (Santos et al.,
2010, 2015). Studies carried out in the Georgia Sea Turtle Center
revealed no significant difference between mean BCI of turtles
that developed FP during rehabilitation (1.06 ± 0.07) and turtles
that already presented FP (1.15 ± 0.04) (Page-Karjian et al.,
2014). There was no statistical difference among green turtles in
regards to FPSSWA; however, individuals classified as severe pre-
sented the highest mean values (1.42 ± 0.25). The higher BCI
values found in these individuals could be due to the presence
of numerous and/or large tumours, which increases body mass
and may promote differences in our results. On the other hand,
according to Santos et al. (2015), severely afflicted individuals
have a lower BCI. A study carried out in the effluent discharge
channel of a steel plant in Espírito Santo state – Brazil, captured
640 green turtles and verified that 420 individuals were FP-free:
378 presented normal body condition, and 42 were either under-
weight or emaciated, while the 220 FP-affected individuals pre-
sented different levels of tumour severity score but were in
normal health condition (Torezani et al., 2010). Studies carried
out in three different ecosystems in the USA revealed low severe
FP frequency (9.3%) in 310 examined green turtles (38.4%
free-FP) captured in the Indian River Lagoon (Lagoon); FP preva-
lence at 14.8% (38/256) in the Nearshore Reef (Ocean); and no
evidence of FP (N = 82) in the Trident Submarine Basin (Port)
(Hirama & Ehrhart, 2007).

We found a significant difference among study areas (P = 0.003).
López-Castro et al. (2010) studied black sea turtles from different

coastal foraging areas in Baja California – USA, and observed that
the BCI was significantly lower in Laguna San Ignacio than in
all other sites, which showed no variations amongst one another.
Hirama & Ehrhart (2007) also observed BCI variations among the
three study sites (Indian River Lagoon, Nearshore Reef and
Trident Submarine Base), possibly due to these habitats’ different
ecological and physical characteristics.

A significant difference (P < 0.001) was observed among the
origin of the studied individuals, wherein the highest BCI was
found in green turtles from the fishery (N = 180; 1.46 ± 0.20)
and intentional capture groups (N = 245; 1.47 ± 0.16), suggesting
that turtles found stranded or afloat were debilitated. Rossi et al.
(2015) also detected higher BCI in the intentional capture/bycatch
group (N = 187; 1.32 ± 0.17) in Brazilian feeding areas. We con-
sidered that the cutaneous tumours negatively impact the affected
individuals’ vision and swimming abilities, increasing their
chances of stranding. According to Herbst (1994), reports based
only on strandings may overrate the prevalence of FP. However,
Baptistotte (2007) found a higher prevalence in intentionally cap-
tured vs stranded green turtles, which was also observed in studies
carried out in Espírito Santo state in 2010 (unpublished data).
Comparisons of FP frequency between stranded and intentionally
captured turtles in a densely populated and anthropized Brazilian
region revealed significant differences: higher tumour proportion
in individuals captured in the industrial discharge area (Jesus
et al., 2004; Baptistotte, 2016).

Our findings demonstrate that a calculated body condition
index is more informative than subjective corporal condition,

Fig. 4. Body condition index (BCI) from green turtles with and without fibropapillomatosis (FP) among different origins.
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since it avoids inter-observer variation and possible subjective
mistakes during visual assessment. We observed that the SBC
was useful to classify poor body condition but was not appropri-
ate to indicate the difference between regular and good body con-
dition; therefore, BCI is a helpful additional parameter to evaluate
green turtle health. Numerous and/or large tumours can affect
the body condition index and interfere with our results but unfor-
tunately we could not estimate the mass of each FP tumour, and
our statistical analysis did not consider this influence on BCI
calculations.

In summary, FP-affected green turtles did not present lower
BCI values than FP-free individuals, and there was no difference
among green turtles according to FPSSWA, in contrast with our
initial hypothesis based on the pathogenesis of FP. Captured
green turtles had higher BCI values than other groups, suggesting
that individuals found stranded or afloat were probably
debilitated.
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