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ABSTRACT
The pearl whipray Fontitrygon margaritella (Compagno & Roberts, 1984) is a
common elasmobranch in coastal western African waters. However, knowledge on
their life-history and trophic ecology remains limited. Therefore, we aimed to
determine the growth, maturity and diet of F. margaritella from the Bijagós
Archipelago in Guinea-Bissau. Growth was modelled with: von Bertalanffy,
Gompertz and logistic functions. Model selection revealed no model significantly
outperformed another. The sampled age ranged from less than 1 to 7 years (1.8 ± 1.9
cm, mean ± standard deviation) and size (disc width) ranged from 12.2 to 30.6 cm
(18.7 ± 5.2 cm). Size-at-maturity was estimated at 20.3 cm (95% CI [18.8–21.8 cm])
for males and 24.3 cm for females (95% CI [21.9–26.5 cm]), corresponding ages of 2.2
and 3.9 years. The diet differed significantly among young-of-the-year (YOY),
juveniles and adults (p = 0.001). Diet of all life stages consisted mainly of crustaceans
(27.4%, 28.5%, 33.3%) and polychaetes (12.5%, 26.7%, 20.3%), for YOY, juveniles
and adults respectively. This study shows that F. margaritella is relatively fast-
growing, matures early and experiences ontogenetic diet shifts. These results
contribute to status assessments and conservation efforts of F. margaritella and
closely related species.

Subjects Aquaculture, Fisheries and Fish Science, Ecology, Marine Biology, Molecular Biology,
Zoology
Keywords Batoidea, Coastal ecology, Life-history, Ontogenetic shifts, Size-at-maturity, Trophic
ecology

INTRODUCTION
The abundance of sharks and rays (Elasmobranchs) are indicators of healthy ecosystems,
as these species fill important ecological roles as top- and meso-predators. Their
population trends may indicate overexploitation of these species, which can potentially
alter ecosystem functioning (Barría, Coll & Navarro, 2015; Flowers, Heithaus &
Papastamatiou, 2020; Navia, Mejía-Falla & Giraldo, 2007; Vaudo & Heithaus, 2011).
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Determining such population trends requires information about the life-history of a
species, such as the age-at-maturity, maximum age and growth coefficients (Mejía-Falla
et al., 2014). A lack of knowledge on life-history parameters can impair status assessment
of elasmobranch species, hampering effective management of these K-selected species
(i.e., late maturity, low fecundity and slow growth) (Ismen, 2003; O’Shea et al., 2013).
Furthermore, understanding the trophic ecology of a species is required to determine a
species’ ecological role within an ecosystem (Vaudo & Heithaus, 2011). The trophic
ecology of a species can help to determine structuring roles, energy flow and
bioaccumulation of ecological contaminants within an ecosystem (Bowes & Thorp, 2015;
MacNeil, Skomal & Fisk, 2005). Thus, understanding the life-history and trophic ecology of
individual species are essential steps in preserving ecosystem functions and services
(Coll, Navarro & Palomera, 2013).

Elasmobranch species off the West African coast remain largely unstudied with the
necessary data required for population trend analysis and conservation status often
missing. This is especially the case for endemic species in the region, like F. margaritella.
Although this species is one of the most common species in coastal fisheries throughout
the region, its life-history characteristics and trophic ecology remain poorly understood
(Moore, Séret & Armstrong, 2019). This species ranges from Mauritania to Angola and it
can be found in shallow marine and estuarine soft-bottom habitats (Marshall & Cronin,
2016). The maximum attained size is thought to be around 34 cm, and females can
have up to three pups per litter (Moore, Séret & Armstrong, 2019). Understanding the
life-history and trophic ecology of F. margaritellamay also provide wider insights into the
biology of other Fontitrygon-species which mostly occur in data deficient regions off West
Africa and the northern coast of South America. Here we specifically aim to fill an
important knowledge gap surrounding this species by determining the growth, size and
age-at-maturity, and the diet of F. margaritella from the Bijagós Archipelago in Guinea
Bissau.

MATERIALS AND METHODS
The Bijagós Archipelago consists of 88 islands and islets and is located off the coast of
Guinea Bissau. The archipelago is listed as a UNESCO Biosphere Reserve and as a
RAMSAR-site. The coastal zone of the archipelago consists of mangrove forests,
soft-bottom intertidal flats, gullies and deep channels. We collected ray specimens between
October and December 2019 from artisanal fishers and were caught around Urok
(11.4833�N, 15.9667�W), Bubaque (11.2448�N, 15.8701�W), Soga (11.3500�N,
15.8667�W) and Orango (11.2494�N, 162212�W) or from an unknown location within the
Bijagós Archipelago (Figure 1). All rays were stored in a field freezer (–10 �C) until
processing. To rule out any misidentification of this species with the related daisy whipray
(Fontitrygon margarita), we sequenced tissue samples of the pelvic fins for species
identification. This was done using the ASNM and ChimeraF primer
(“AAGGACTACTTTGATAGAGT” a variant of ILEM) adapted from Naylor et al. (2012).
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Ethical statement
For the purpose of this study, we collaborated with the local fishing communities within
the Bijagos Archipelago. All rays were obtained from catches by local fishers and were
solely captured for consumption purposes. After required samples were collected, all rays
were subsequently given back to the local communities for consumption. All rays were
deceased at the time of sampling. All research and use of animals was conducted with
permission and in accordance with the regulations of the Instituto da Biodiversidade e das
Áreas Protegidas (IBAP), the responsible national institute within in Guinea-Bissau
(reference number: 396/IBAP/2019 and 393/IBAP/2019).

Age and growth
For each individual that was sampled, we recorded sex, body size as disc width DWð Þ
and total length TLð Þ and weight. In addition, five to ten anterior vertebrae were stored in
70% ethanol for each individual. In the laboratory, vertebrae were cleaned by removing
excess tissue after which one vertebra per individual was fixated in clear epoxy resin
(Poly-Pox THX 500 resin and Poly-Pox 155 hardener) following the instructions of
Campana (2014). A centered sagittal cross-section with a thickness of 500 µm was cut for
each vertebra, to create a typical ‘bowtie’ cross-section which was fixated to a microscope

Figure 1 Overview of the study sites in the Bijagós Archipelago, Guinea-Bissau. The colours indicate
the different sampling regions and their respective sample sizes (purple = Urok, orange = Soga,
grey = Bubaque, and green = Orango). Specimen for which the origin within the archipelago could not be
confirmed were labelled as ‘location unknown’. Full-size DOI: 10.7717/peerj.12894/fig-1
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slide and used for ageing (see Campana, 2014). Each cross-section was photographed using
a compound light trinocular microscope (Zeiss) using a 5 × 10 magnification. As growth
band deposition in other dasyatid rays like the blue stingray (Dasyatis chrysonota
chrysonota), the brown stingray (Dasyatis lata) and the diamond stingray (Dasyatis
dipterura) is annual, we assumed deposition in F. margaritella also to be annual (Cowley,
1997; Dale & Holland, 2012; Smith, Cailliet & Melendez, 2007). Age was determined
independently by two researchers by counting growth bands. If age the first readings a
second reading was made, all age reading that differed were taken out of the analysis.
Previously, the use of a multi-model approach for growth studies has been advocated to
incorporate candidate models with alternative characteristics (Smart et al., 2016). Hence,
the following three growth functions were fitted.

A logistic growth function, adapted from McKendrick & Kesava (1912):

DWage ¼ DWinf

1þ DWinf � DWbirth

DWbirth

� �
e�k � age

(1)

A Gompertz growth function, adapted from Ricker (1975):

DWage ¼ DWbirth � exp ln
DWinf

DWbirth

� �
1� exp �k� ageð Þð Þ

� �
(2)

A von Bertalanffy growth function, adapted from von Bertalanffy (1938):

DWage ¼ DWbirth þ DWbirth � DWinf
� �� 1� exp �k� ageð Þð Þ (3)

These growth functions describe the relationship between age and body size (disc width;
DW), with the asymptotic disc width DWinf , the size at birth DWBirth, the growth
coefficient k, the estimated age based on vertebrae growth band counts (ageÞ, and the
predicted size-at-age DWage. Parameters were estimated using Bayesian MCMC models
(Bürkner, 2017; Bürkner, 2018).

The prior values for size at birth (10 cm) and maximum disc width (34 cm) are based on
data recorded by Moore, Séret & Armstrong (2019) and given a lognormal prior as these
were positive parameters. Hence, for the size at birth (DWbirth) prior a lognormal
distribution of 10 and a standard deviation of 1 was used. For the maximum disc width
prior a lognormal distribution of 34 and a standard deviation of 1 was used. Lastly, for the
growth coefficient (k) a prior with a normal distribution of –1 and a standard deviation of
1 was used. For each model, four chains were run with 3,500 iterations each, including
1,000 discarded warm-up iterations, so a total of 10,000 iterations were sampled for
each model. Effective sample sizes for each model parameter exceeded 1,000. Convergence
and mixing of chains were monitored with trace plots and R-hat statistics. Model
performance was compared using the leave-one-out cross-validation using the ‘loo’
R-package (Vehtari, Gelman & Gabry, 2017; Yao et al., 2018).
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Maturity
We determined the maturity stage as either ‘immature’ or ‘mature’. Females are regarded
as mature when epigonal organ is present, ovaries contain very well-developed follicles of
similar sizes or are atretic and vitellogenic in groups or singular, and uteri are tubular
to wide in shape, with developed walls or with distinguishable embryos. Lastly, males are
regarded as mature when little epigonal organ is present, testis have a high volume, are
fully lobulated with increased blood supply or pale and decreased in size, and ductus
deferens is strongly undulated. Individuals were regarded as immature if reproductive
organs were in a less developed state, then described above. Table 1 provides short
descriptions used to determine maturity stage. To calculate the median disc width at
maturity (DW50) for both sexes combined and separated, we used the following logistic
maturity formula (Mollet et al., 2000):

Y ¼ ð1þ e� aþbXð ÞÞ�1 (4)

Median size at maturity is calculated using Eq. (5) similarly, for this model 3,500
iteration and 1,000 warm-up iterations were used. The priors used were uninformative,
namely 10 following a normal distribution with a standard deviation of 5 for both a and b
as this could not be based on previous values.

DW50 ¼ �a=b (5)

Diet
Stomachs of sampled specimens were removed and weighted prior to determining
stomach contents. Excess moisture was removed from stomach contents using paper
towels to remove weight bias by stomach fluids. Stomach contents were sorted into one of

Table 1 Developmental stages of reproductive organs used to assess maturity stage (immature or
mature).

Sex Immature Mature

Female Ovaries Not
distinguishable

Distinguishable

Follicles Underdeveloped
or in groups
with different sizes

Well-developed
or atretic and
vitellogenic

Uteri Between tubular
and wide in shape
with developed walls

Tubular to wide in shape,
developed walls,
possibly with embryos

Epigonal organ Predominant Present

Male Testis Lobulated,
low blood supply

High volume,
lobulated,
increased blood supply

Ductus deferens Barely or not undulated Strongly undulated

Epigonal organ Present Limitedly present

Note:
Adapted from Osaer et al. (2015).
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six categories: crustaceans, polychaetes, bivalves, other molluscs, teleosts or unidentified
(unrecognizable prey items). Figure S1 provides representative photo of each taxa
encountered in stomach contents. These taxa categories were not defined prior to data
collection but based on prey items encountered due to the lack of description for benthic
species from our study area. For each group, we recorded the number of prey items
and mass to the nearest centigram. To prevent bias of large prey items, we calculated the
diet composition using the index of importance (IOI) as proposed by Gray, Mulligan &
Hannah (1997). First, the percentage of each prey group relative to the body weight of
the individual (%Wa) was calculated as:

%Wa ¼ 100�Wað Þ=Wbody (6)

where Wa is the sum weight of prey group a (Gray, Mulligan & Hannah, 1997). Secondly,
the frequency of occurrence for prey group a (%Fa) was calculated as:

%Fa ¼ 100� Sað Þ=S (7)

where Sa is the number of stomachs containing for a given prey group, and S denotes the
total number of stomachs containing food (Hyslop, 1980). Lastly, the index of importance
for each prey group (IOIa) was calculated as:

IOIa ¼ 100� HIa=
Xn
a¼1

HI (8)

with:

HIa ¼ %Fa þ%Wa (9)

Diet composition was analyzed for three different life stages: YOY (individuals < 1 year
of age), juveniles (individuals >¼ 1 year, but have not reached DW50) and adults
(mature individuals > DW50). Raw data is provided in Table S1. We performed a
PERMANOVA (R-package ‘vegan’) (Oksanen et al., 2020) and a pairwise Adonis function
(Martinez Arbizu, 2016) to determine which life stages differ in their diet composition.

RESULTS
A total of 75 individual F. margaritella were sampled consisting of 38 males and 37 females
(0.5:0.5 m:f ratio) ranging from 12.2 to 30.6 cm DW and body mass ranging from 59 to
1,208 g.

Age and growth
A total of 71 individuals (m = 38, f = 33) were used for size-at-age analysis. Measured disc
widths ranged from 12.2 to 30.6 cm (18.7 ± 5.1 cm), and age ranged from less than 1 to
7 years (1.8 ± 1.9 years). All three growth functions estimated similar values for disc
width size-at-birth: 13.87, 14.01 and 14.01 cm (von Bertalanffy, Gompertz and Logistic
growth functions respectively). Maximum disc width estimates varied between the three
growth functions. The logistic growth function estimated a maximum disc width of
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34.46 cm, close to the observed maximum size of 34 cm, recorded by Moore, Séret &
Armstrong (2019), whereas the von Bertalanffy function estimated 44.70 cm and the
Gompertz function 38.09 cm (Table 2). Model selection showed that no model
outperformed any of the others based on LOO information criterion (LOOIC) (Table 2).
However, there is likely little reliable difference in the predictive capability between these
models, as the difference in LOOIC values was less than two between all models. When
considering the maximum reported size by Moore, Séret & Armstrong (2019) to be 34 cm
as the maximum disc width, F. margaritella individuals seem to reach their maximum
size between 10 and 12 years (Figure 2). Additionally, F. margaritella seems to attain
between 40.3% and 64.7% of their maximum disc width within their first year, based on the
largest and smallest rays of one year old.

Table 2 Model and model selection estimates for the: the von Bertalanffy, Gompertz and the logistic growth function.

Model N LOOIC SE DW∞ (cm) 95% CI DW∞ DWBIRTH (cm) 95% CI DWBIRTH K (year)–1 95% CI K

Von Bertalanffy function 71 278.7 14.2 44.7 33.1–75.2 13.9 13.3–14.4 0.1 0.04–0.2

Gompertz function 71 279.4 14.8 38.1 30.9–55.1 14.0 13.3–14.6 0.2 0.1–0.3

Logistic function 71 280.1 15.1 34.5 29.4–44.2 14.0 13.5–15.0 0.3 0.2–0.4

Notes:
n, sample size for size at age analysis; LOOIC, LOO information criterion; SE, standard error of the LOOIC values; DW∞, asymptotic disc width; DWBirth, disc width at
birth; K, growth rate; 95% CI, credible interval.

Figure 2 Growth functions fitted to size-at-age data of F. margaritella (Gompertz curve in green, von
Bertalanffy curve in blue and the logistic growth curve in red). The horizontal dashed line represents
the maximum reported disc width of 34 cm (Moore, Séret & Armstrong, 2019). The median disc width at
which males reach maturity (DW50) is shown in orange (DW = 20.3 cm, age = 2.2 year) and magenta for
females (DW = 24.3 cm, age = 3.9 year). Full-size DOI: 10.7717/peerj.12894/fig-2
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Maturity
We determined the maturity stage of 69 individuals (m = 35, f = 34). Of six individuals the
reproductive state was unclear fishery-related damages or (partial) decomposition of
organs. The disc width of the largest sampled immature male was 23.7 cm, and the largest
immature female had a disc width of 30.6 cm. Based on the binomial logistic maturity
regression median size-at-maturity is achieved at 20.3 cm DW (95% CI [18.8–21.8 cm])
for males and 24.3 cm DW (95% CI [21.9–26.5 cm]) for females (see Table 3). Based
on the von Bertalanffy growth function, this size-at-maturity corresponds with an
age-at-maturity of 2.2 and 3.9 years for males and females, respectively.

Diet
For diet analysis we used a total of 65 stomachs were sampled (1.19 ± 1.25 g). We identified
22 individuals as young-of-the-year (YOY; <1 year of age), 19 as juvenile (>¼ 1 year
of age and smaller than DW50) and 24 as adults (>¼ DW50). Based on the Index of
Importance, the same prey species made up the majority of F. margaritella’s diet across all
life stages, crustaceans: 27.4–33.3%, polychaetes: 12.5–26.7%, Bivalves: 12.5–20.3, other
molluscs: 0–7.2%, Teleosts: 0–4.3%, and unidentified prey: 30.4–55.0% (Figure 3). Besides
unidentified prey, crustaceans and Polychaetes were the most common prey items for all
age classes both in mass and number of individual prey (Table 4).

Diet composition differed significantly between life stages (PERMANOVA DF = 2, sum
of squares = 2.3, F = 22.6, R2 = 0.27, p = 0.001), and a post-hoc test revealed that all life
stages have a significantly different diet composition (YOY-Juveniles: F model = 7.8,
R2 = 0.1, p = 0.002) (YOY-Adults: Fmodel = 17.2, R2 = 0.28, p = 0.001) (Juveniles-Adults: F
model = 6.0, R2 = 0.1, p = 0.001.

DISCUSSION
Elasmobranchs are still subject to fisheries in coastal waters of west Africa despite their
vulnerability to fishing (Moore, Séret & Armstrong, 2019). Understanding the life-history
and trophic ecology of elasmobranch species is essential for the risk assessment of both
these species and the ecosystems in which they often play a key-role. This study is the first
to present detailed data about the growth, median size-at-maturity and the diet of the
poorly studied F. margaritella in the Bijagós Archipelago, Guinea-Bissau.

Based on the growth curves of F. margaritella seems to achieve the maximum recorded
disc width size of 34 cm between 10 and 12 years. Surprisingly, the maximum age of our
sampled specimens was only 7 years (n = 1). One-year old F. margaritella are between

Table 3 Summary of size-at-maturity parameter estimates and 95% credible interval values for
males, females, and both sexes combined.

Sex a a–95% CI b b–95% CI DW50 DW50–95% CI

Male −19.25 −34.91 to -9.00 0.95 0.44–1.68 20.3 18.8–21.8

Female −13.64 −25.22 to -6.37 0.56 0.26–1.03 24.3 21.9–26.5

Combined −10.5 −16.27 to -6.68 0.5 0.3–0.75 21.0 19.7–22.3
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40.3% and 64.7% of their maximum disc width, which is comparable to the fast-growing
Roger’s stingray (Urotrygon rogersi) (Mejía-Falla et al., 2014). In addition, a slow growing
batoid species (Dasyatis fluviorum) has been observed to have a growth coefficient of
around 0.03 year–1 (Pierce & Bennett, 2010), which is around a third of the growth
coefficient observed for F. margaritella of 0.10 year–1. The growth rate that we found, is
comparable to other fast-growing species such as Rogers stingray (Urotrygon rogersi),
Kuhl’s maskray (Neotrygon kuhlii) and the Diamond stingray which is between 0.1 and
0.24 year–1 (Mejía-Falla et al., 2014; Temple et al., 2020).

Figure 3 Index of importance (IOI) for each prey taxa for young-of-the-year (YOY), juvenile and
adult Fontitrygon margaritella. Colours indicate the prey group taxa. Crustaceans (orange). Poly-
chaetes (light blue). Bivalves (yellow). Other Molluscs (violet). Teleost fishes (dark blue). Unidentified
(gray). Raw data is provided as Table S1. Full-size DOI: 10.7717/peerj.12894/fig-3

Table 4 Summary of the total mass (grams), total count (n) and percentage of stomachs that
contained crustaceans and polychaetes for YOY, Juveniles and adults.

YOY Juvenile Adult

Crustaceans mass (g) 0.8 3.5 17.5

Crustaceans count (n) 224 270 331

Nr. stomachs (%) 50 84.2 95.8

Polychaetes mass (g) 1.0 1.4 5.5

Polychaetes count (n) 68 99 331

Nr. stomachs (%) 22.7 78.9 58.3
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Our study indicates that in the Bijagós Archipelago male F. margaritella mature at an
earlier age compared to females. This has also been confirmed in other ray species such
as the brown stingray (Dasyatis lata) and the common stingray (Dasyatis pastinaca)
(Ismen, 2003; Dale & Holland, 2012). This sex difference in size-at-maturity can have
several possible causes. For instance, this could be related to male biting behaviour during
reproduction, which is common in many elasmobranch species (Kajiura, Sebastian &
Tricas, 2000). Unlike males, large females of Haller’s round ray (Urolophus halleri) have
been observed to obtain a relatively thicker disc with increased disc width, which may
help minimize damage from male reproductive biting behaviour (Nordell, 1994).
Alternatively, larger females are thought to produce larger litters and therefore have a
greater reproductive output (Lyons et al., 2017), which could be a reason female
F. margaritella mature later and at a larger body size. Perhaps a more likely explanation
may be that size-at-maturity may also vary based on the increased energetic expenditure
during the gestation period (Goodwin, Dulvy & Reynolds, 2002). Females of F. margaritella
reach maturity at around 32.5% of their lifespan, and males around 18.3% (considering a
maximum age of 12 years). This is similar to other species such as the Kuhl’s maskray
(Neotrygon kuhlii) and the blackspotted whipray (Maculabatis gerradi), which mature
between 19% and 41% of their lifespan (Temple et al., 2020). However, whether size-at-
maturity differs in other areas remains unknown. Our estimates of male and female
median size-at-maturity should be interpreted with caution due to low sample sizes.
However, a study on Baraka’s whiprays (Maculabatis ambigua) by Temple et al. (2020)
provided an accurate estimate for size-at-maturity for males based on a low sample size.
Furthermore, the approximation of male maturity by Last et al. (2016) (~21 cm)
differs only 7 mm (0.3%) from our estimation and falls within the range of our (95% CI
[18.8–21.8 cm]), supporting our median size-at-maturity estimations for male F. margaritella.

Additionally, the gestation period and frequency needs verification to assess
reproductive rate of F. margaritella, as this is thought to vary within the family of
Dasyatidae (Carlson et al., 2020; Notarbartolo di Sciara et al., 2015). Hence, to get a
well-rounded comprehension of the life-history of F. margaritella gestation period and
frequency should also be studied.

We found that the diet of F. margaritella within the Bijagós Archipelago consisted
mostly of crustaceans and polychaetes. This indicates that F. margaritella acts as a small,
low trophic level meso-predator that links benthos communities with top-predators
in the Bijagós Archipelago. The presence of teleost items the stomach contents of
F. margaritella suggests that the species occasionally consumes teleost prey, as observed in
other batoid species (Lim et al., 2019; Farias et al., 2006). Whereas other studies show that
batoids ontogenetically include more teleost prey (Gray, Mulligan & Hannah, 1997;
Lim et al., 2019; Farias et al., 2006), in our study one YOY was observed to have consumed
small teleost prey. The high proportion of unidentified prey encountered likely results
from soft-bodied prey (e.g., polychaetes and small crustaceans) which may digest faster
(Farias et al., 2006). The unidentified prey items could also be inorganic matter, sediment
and plant matter ingested during prey consumption (Ajemian & Powers, 2012). DNA
metabarcoding on stomach contents could improve estimates of prey abundance and,
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combined with environmental DNA analysis of benthos, may highlight prey preference
(Harms-Tuohy, Schizas & Appeldoorn, 2016). We found that F. margaritella undergoes an
ontogenetic diet shift and adults seem to incorporate more diverse prey into their diet
such as teleosts and a higher abundance of crustaceans, possibly giving older individuals a
slightly higher trophic level. Ontogenetic diet shifts could result from changes in teeth
morphology, jaw teeth strength, body size and sensory sensitivity of the peripheral (Kempster
et al., 2013; Lim et al., 2019; Nordell, 1994; Smith & Merriner, 1985). Ontogenetic diet shifts
may also result from different energetic needs as well as local prey availability coinciding
with ontogenetic differences in distribution (Lim et al., 2019). Regardless, ontogenetic diet
shifts could suggest that different life stages fulfil different trophic roles and affect food
webs differently.

Comprehensive knowledge on the life-history and ecology of a species is necessary to
establish adequate conservation efforts (Ismen, 2003; O’Shea et al., 2013). With many
elasmobranch populations declining globally, the need for insight into their life-history
and trophic ecology for conservation increases. This study presents one of the first known
estimates for growth, median size-at-maturity, and diet composition of F. margaritella.
Compared to other ray species F. margaritella seems to be a fast growing and early
maturing species. The diet description presented in this paper may provide preliminary
insights into their trophic role in coastal ecosystems of west-Africa. Additionally, fishing
intensity, natural mortality rate and recruitment rate of F. margaritella require study to
assess fishing vulnerability (Le Quesne & Jennings, 2012). This study contributes to the
knowledge on F. margaritella, a common exploited elasmobranch species in the West
African region, and may help conservation efforts of this, and other exploited
elasmobranch species in this region.

CONCLUSIONS
Fontitrygon margaritella is a small, relatively fast-growing ray species, reaching maturity
after 2.2 and 3.9 years for males and females respectively. The diet of this species within
the Bijagos Archipelago consists primarily of polychaetes, but the contribution of
harder prey species (e.g. crustaceans) increases ontogenetically. This study presents the
first description of growth, median size-at-maturity and diet of F. margaritella, needed for
science-based management of coastal fisheries and coastal ecosystems. These results fill an
important knowledge gap on the life history and trophic ecology of this species, and
this data-deficient genus of whiprays.

ACKNOWLEDGEMENTS
The authors thank Lilísio Dos Santos, the local fishing communities, the entire staff of the
Instituto da Biodiversidade e das Áreas Protegidas (IBAP), Gavin Naylor, Nadia Hijner,
Jannes Heusinkveld, Maarten Zwarts, Donné Mathijssen, Janne Nauta, Steve Clements,
Annelies Clements, Samuel Emmanuel Ledo Pontes, Aissa Regalla, Merijn Driessen, Renzo
Roodenrijs, Marta Ferraro, Per Palsbøll and Martine Bérubé.

Clements et al. (2022), PeerJ, DOI 10.7717/peerj.12894 11/16

http://dx.doi.org/10.7717/peerj.12894
https://peerj.com/


ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This project was funded by the MAVA Foundation grant name: Waders of the Bijagós.
Laura Govers was funded by NWOVENI grant NWO.016.VENI.181.087. The funders had
no role in study design, data collection and analysis, decision to publish, or preparation of
the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
MAVA Foundation: Waders of the Bijagós.
NWO VENI: NWO.016.VENI.181.087.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Owen Clements conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
paper, and approved the final draft.

� Guido Leurs conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
paper, and approved the final draft.

� RobWitbaard analyzed the data, authored or reviewed drafts of the paper, and approved
the final draft.

� Ido Pen analyzed the data, authored or reviewed drafts of the paper, and approved the
final draft.

� Yvonne I. Verkuil analyzed the data, authored or reviewed drafts of the paper, and
approved the final draft.

� Laura Govers conceived and designed the experiments, authored or reviewed drafts of
the paper, and approved the final draft.

Field Study Permissions
The following information was supplied relating to field study approvals (i.e., approving
body and any reference numbers):

Approval for this reseach was given by the Instituto da Biodiversidade e das Áreas
Protegidas (IBAP).

Data Availability
The following information was supplied regarding data availability:

The data and the R script used for analysis are available at DataverseNL: Clements,
Owen N.; Leurs, Guido; Witbaard, Rob; Pen, Ido; Verkuil, Yvonne I.; Govers, Laura L.,
2022, ‘‘Replication Data for: Growth, maturity, and diet of the pearl whipray (Fontitrygon

Clements et al. (2022), PeerJ, DOI 10.7717/peerj.12894 12/16

http://dx.doi.org/10.7717/peerj.12894
https://peerj.com/


margaritella) from the Bijagós Archipelago, Guinea-Bissau’’, https://doi.org/10.34894/
BUXZJU, DataverseNL, V1.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.12894#supplemental-information.

REFERENCES
Ajemian MJ, Powers SP. 2012. Habitat-specific feeding by cownose rays (Rhinoptera bonasus) of

the northern Gulf of Mexico. Environmental Biology of Fishes 95(1):79–97
DOI 10.1007/s10641-011-9858-3.

Barría C, Coll M, Navarro J. 2015. Unravelling the ecological role and trophic relationships of
uncommon and threatened elasmobranchs in the western Mediterranean Sea. Marine Ecology
Progress Series 539:225–240 DOI 10.3354/meps11494.

Bowes RE, Thorp JH. 2015. Consequences of employing amino acid vs. bulk-tissue, stable isotope
analysis: a laboratory trophic position experiment. Ecosphere 6(1):art14
DOI 10.1890/ES14-00423.1.

Bürkner P-C. 2017. brms: an R package for Bayesian multilevel models using stan. Journal of
Statistical Software 80(1):1–28 DOI 10.18637/jss.v080.i01.

Bürkner PC. 2018. Advanced Bayesian multilevel modeling with the R package brms. R Journal
10(1):395–411 DOI 10.32614/RJ-2018-017.

Campana SE. 2014. Age determination of elasmobranchs with special reference to Mediterranean
species. Rome: FAO. Available at http://www.fao.org/documents/card/en/c/48294ee7-cd21-4388-
a51e-6f381035f407/.

Carlson J, Charvet P, Blanco-Parra MP, Briones Bell-lloch A, Cardenosa D, Derrick D,
Espinoza E, Morales-Saldaña JM, Naranjo-Elizondo B, Pacoureau N, Schneider EVC,
Simpson NJ, Pollom R, Dulvy NK. 2020.Hypanus americanus. The IUCN red list of threatened
species 2020: e.T181244884A104123787, 8235.

Coll M, Navarro J, Palomera I. 2013. Ecological role, fishing impact, and management options for
the recovery of a Mediterranean endemic skate by means of food web models. Biological
Conservation 157:108–120 DOI 10.1016/j.biocon.2012.06.029.

Compagno LJV, Roberts TR. 1984. Marine and freshwater stingrays (Dasyatidae) of West Africa,
with description of a new species. Proceedings of the California Academy of Sciences
43(18):283–300.

Cowley PD. 1997. Age and growth of the blue stingray Dasyatis chrysonota chrysonota from the
South-Eastern Cape coast of South Africa. South African Journal of Marine Science
7615(18):31–38 DOI 10.2989/025776197784161054.

Dale JJ, Holland KN. 2012. Age, growth and maturity of the brown stingray (Dasyatis lata) around
Oahu, Hawai’i. Marine and Freshwater Research 63(6):475–484 DOI 10.1071/MF11231.

Farias I, Figueiredo I, Moura T, Serrano Gordo L, Neves A, Serra-Pereira B. 2006. Diet
comparison of four ray species (Raja clavata, Raja brachyura, Raja montagui and Leucoraja
naevus) caught along the Portuguese continental shelf. Aquatic Living Resources 19(2):105–114
DOI 10.1051/alr:2006010.

Flowers KI, Heithaus MR, Papastamatiou YP. 2020. Buried in the sand: uncovering the ecological
roles and importance of rays. Fish and Fisheries 22(1):1–23 DOI 10.1111/faf.12508.

Clements et al. (2022), PeerJ, DOI 10.7717/peerj.12894 13/16

https://doi.org/10.34894/BUXZJU
https://doi.org/10.34894/BUXZJU
http://dx.doi.org/10.7717/peerj.12894#supplemental-information
http://dx.doi.org/10.7717/peerj.12894#supplemental-information
http://dx.doi.org/10.1007/s10641-011-9858-3
http://dx.doi.org/10.3354/meps11494
http://dx.doi.org/10.1890/ES14-00423.1
http://dx.doi.org/10.18637/jss.v080.i01
http://dx.doi.org/10.32614/RJ-2018-017
http://www.fao.org/documents/card/en/c/48294ee7-cd21-4388-a51e-6f381035f407/
http://www.fao.org/documents/card/en/c/48294ee7-cd21-4388-a51e-6f381035f407/
http://dx.doi.org/10.1016/j.biocon.2012.06.029
http://dx.doi.org/10.2989/025776197784161054
http://dx.doi.org/10.1071/MF11231
http://dx.doi.org/10.1051/alr:2006010
http://dx.doi.org/10.1111/faf.12508
http://dx.doi.org/10.7717/peerj.12894
https://peerj.com/


Goodwin NB, Dulvy NK, Reynolds JD. 2002. Life-history correlates of the evolution of live
bearing in fishes. Philosophical Transactions of the Royal Society B: Biological Sciences
357(1419):259–267 DOI 10.1098/rstb.2001.0958.

Gray AE, Mulligan TJ, Hannah RW. 1997. Food habits, occurrence, and population structure of
the bat ray,Myliobatis californica, in Humboldt Bay, California. Environmental Biology of Fishes
49(2):227–238 DOI 10.1023/A:1007379606233.

Harms-Tuohy CA, Schizas NV, Appeldoorn RS. 2016. Use of DNA metabarcoding for stomach
content analysis in the invasive lionfish Pterois volitans in Puerto Rico. Marine Ecology Progress
Series 558:181–191 DOI 10.3354/meps11738.

Hyslop EJ. 1980. Stomach contents analysis—a review of methods and their application. Journal of
Fish Biology 17(4):411–429 DOI 10.1111/j.1095-8649.1980.tb02775.x.

Ismen A. 2003. Age, growth, reproduction and food of common stingray (Dasyatis pastinaca L.,
1758) in İskenderun Bay, the eastern Mediterranean. Fisheries Research 60(1):169–176
DOI 10.1016/S0165-7836(02)00058-9.

Kajiura SM, Sebastian AP, Tricas TC. 2000. Dermal bite wounds as indicators of reproductive
seasonality and behaviour in the Atlantic stingray, Dasyatis sabina. Environmental Biology of
Fishes 58(1):23–31 DOI 10.1023/A:1007667108362.

Kempster RM, Garza-Gisholt E, Egeberg CA, Hart NS, O’Shea OR, Collin SP. 2013. Sexual
dimorphism of the electrosensory system: a quantitative analysis of nerve axons in the dorsal
anterior lateral line nerve of the blue-spotted fantail stingray (Taeniura lymma). Brain Behavior
and Evolution 81(4):226–235 DOI 10.1159/000351700.

Last P, White W, de Carvalho M, Séret B, Stehmann M, Naylor G. 2016. Rays of the world.
Clayton: CSIRO Publishing.

Le Quesne WJF, Jennings S. 2012. Predicting species vulnerability with minimal data to support
rapid risk assessment of fishing impacts on biodiversity. Journal of Applied Ecology 49(1):20–28
DOI 10.1111/j.1365-2664.2011.02087.x.

Lim KC, Chong VC, Lim P-E, Yurimoto T, Loh KH. 2019. Feeding ecology of three sympatric
species of stingrays on a tropical mudflat. Journal of the Marine Biological Association of the
United Kingdom 99(4):999–1007 DOI 10.1017/S0025315418000759.

Lyons K, Chabot CL, Mull CG, Paterson Holder CN, Lowe CG. 2017. Who’s my daddy?
Considerations for the influence of sexual selection on multiple paternity in elasmobranch
mating systems. Ecology and Evolution 7(15):5603–5612 DOI 10.1002/ece3.3086.

McKendrick AG, Kesava PM. 1912. XLV—The rate of multiplication of micro-organisms: a
mathematical study. Proceedings of the Royal Society of Edinburgh 31:649–655
DOI 10.1017/S0370164600025426.

MacNeil MA, Skomal GB, Fisk AT. 2005. Stable isotopes from multiple tissues reveal diet
switching in sharks. Marine Ecology Progress Series 302:199–206 DOI 10.3354/meps302199.

Marshall LJ, Cronin ES. 2016. Fontitrygon margaritella. The IUCN red list of threatened species
2016: e.T161495A104172339, 8235.

Martinez Arbizu P. 2016. How can I do PerMANOVA pairwise contrasts in R? Available at
https://www.researchgate.net/post/How_can_I_do_PerMANOVA_pairwise_contrasts_in_R.

Mejía-Falla PA, Cortés E, Navia Aés F, Zapata FA, Klimley AP. 2014. Age and growth of the
round stingray Urotrygon rogersi, a particularly fast-growing and short-lived elasmobranch.
PLOS ONE 9(4):12–15 DOI 10.1371/journal.pone.0096077.

Clements et al. (2022), PeerJ, DOI 10.7717/peerj.12894 14/16

http://dx.doi.org/10.1098/rstb.2001.0958
http://dx.doi.org/10.1023/A:1007379606233
http://dx.doi.org/10.3354/meps11738
http://dx.doi.org/10.1111/j.1095-8649.1980.tb02775.x
http://dx.doi.org/10.1016/S0165-7836(02)00058-9
http://dx.doi.org/10.1023/A:1007667108362
http://dx.doi.org/10.1159/000351700
http://dx.doi.org/10.1111/j.1365-2664.2011.02087.x
http://dx.doi.org/10.1017/S0025315418000759
http://dx.doi.org/10.1002/ece3.3086
http://dx.doi.org/10.1017/S0370164600025426
http://dx.doi.org/10.3354/meps302199
https://www.researchgate.net/post/How_can_I_do_PerMANOVA_pairwise_contrasts_in_R
http://dx.doi.org/10.1371/journal.pone.0096077
http://dx.doi.org/10.7717/peerj.12894
https://peerj.com/


Mollet HF, Cliff G, Pratt HL, Stevens J. 2000. Reproductive biology of the female shortfin mako,
Isurus oxyrinchus Rafinesque, 1810, with comments on the embryonic development of lamnoids.
Fishery Bulletin 98(2):299–318.

Moore ABM, Séret B, Armstrong R. 2019. Risks to biodiversity and coastal livelihoods from
artisanal elasmobranch fisheries in a least developed country: the Gambia (West Africa).
Biodiversity and Conservation 28(6):1431–1450 DOI 10.1007/s10531-019-01732-9.

Navia AF, Mejía-Falla PA, Giraldo A. 2007. Feeding ecology of elasmobranch fishes in coastal
waters of the Colombian Eastern Tropical Pacific. BMC Ecology 7(1):2–11
DOI 10.1186/1472-6785-7-8.

Naylor GJP, Caira JN, Jensen K, Rosana KAM, White WT, Last PR. 2012. A DNA
sequence-based approach to the identification of shark and ray species and its implications for
global elasmobranch diversity and parasitology. Bulletin of the American Museum of Natural
History 367:1–262 DOI 10.1206/754.1.

Nordell SE. 1994. Observations of the mating behavior and dentition of the round stingray,
Urolophus halleri. Environmental Biology of Fishes 39(3):219–229 DOI 10.1007/BF00005124.

Notarbartolo di Sciara GM, Bradai N, Serena F, Mancusi CM. 2015. Dasyatis marmorata,
Marbled Stingray, The IUCN red list of threatened species 2009: e.T161748A5494614, 8235.

Oksanen J, Guillaume Blanchet F, Friendly M, Kindt R, Legendre P, McGlinn D, Minchin PR,
O’Hara RB, Simpson GL, Peter Solymos M, Stevens HH, Szoecs E, Wagner H. 2020. vegan:
community ecology package. Available at https://cran.r-project.org/package=vegan.

Osaer F, Narváez K, Pajuelo JG, Lorenzo JM. 2015. Sexual development and maturity scale for the
angel shark Squatina squatina (Elasmobranchii: Squatinidae), with comments on the adequacy
of general maturity scales. Sexuality and Early Development in Aquatic Organisms 1(2):117–132
DOI 10.3354/sedao00012.

O’Shea OR, Braccini M, McAuley R, Speed CW, Meekan MG, Goldstien SJ. 2013. Growth of
tropical dasyatid rays estimated using a multi-analytical approach. PLoS ONE 8(10):1–8
DOI 10.1371/journal.pone.0077194.

Pierce SJ, Bennett MB. 2010. Destined to decline? Intrinsic susceptibility of the threatened estuary
stingray to anthropogenic impacts. Marine and Freshwater Research 61(12):1468–1481
DOI 10.1071/MF10073.

Ricker WE. 1975. Computation and interpretation of biological statistics of fish populations.
Bulletin—Fisheries Research Board of Canada 191:1–382.

Smart JJ, Chin A, Tobin AJ, Simpfendorfer CA. 2016. Multimodel approaches in shark and ray
growth studies: strengths, weaknesses and the future. Fish and Fisheries 17(4):955–971
DOI 10.1111/faf.12154.

Smith WD, Cailliet GM, Melendez EM. 2007. Maturity and growth characteristics of a
commercially exploited stingray, Dasyatis dipterura. Marine and Freshwater Research
58(1):54–66 DOI 10.1071/MF06083.

Smith JW, Merriner JV. 1985. Food habits and feeding behavior of the cownose ray, Rhinoptera
bonasus, in lower Chesapeake Bay. Estuaries 8(3):305–310 DOI 10.2307/1351491.

Temple AJ, Stead SM, Jiddawi N, Wambiji N, Dulvy NK, Barrowclift E, Berggren P. 2020. Life-
history, exploitation and extinction risk of the data-poor Baraka’s whipray (Maculabatis
ambigua) in small-scale tropical fisheries. Journal of Fish Biology 97(3):708–719
DOI 10.1111/jfb.14425.

Vaudo JJ, Heithaus MR. 2011. Dietary niche overlap in a nearshore elasmobranch mesopredator
community. Marine Ecology Progress Series 425:247–260 DOI 10.3354/meps08988.

Clements et al. (2022), PeerJ, DOI 10.7717/peerj.12894 15/16

http://dx.doi.org/10.1007/s10531-019-01732-9
http://dx.doi.org/10.1186/1472-6785-7-8
http://dx.doi.org/10.1206/754.1
http://dx.doi.org/10.1007/BF00005124
https://cran.r-project.org/package=vegan
http://dx.doi.org/10.3354/sedao00012
http://dx.doi.org/10.1371/journal.pone.0077194
http://dx.doi.org/10.1071/MF10073
http://dx.doi.org/10.1111/faf.12154
http://dx.doi.org/10.1071/MF06083
http://dx.doi.org/10.2307/1351491
http://dx.doi.org/10.1111/jfb.14425
http://dx.doi.org/10.3354/meps08988
http://dx.doi.org/10.7717/peerj.12894
https://peerj.com/


Vehtari A, Gelman A, Gabry J. 2017. Practical Bayesian model evaluation using leave-one-out
cross-validation and WAIC. Statistics and Computing 27(5):1413–1432
DOI 10.1007/s11222-016-9696-4.

von Bertalanffy L. 1938. A quantitative theory of organic growth (inquiries on growth laws. II).
Human Biology 10(2):181–213.

Yao Y, Vehtari A, Simpson D, Gelman A. 2018. Using stacking to average Bayesian predictive
distributions (with discussion). Bayesian Analysis 13(3):917–1007 DOI 10.1214/17-BA1091.

Clements et al. (2022), PeerJ, DOI 10.7717/peerj.12894 16/16

http://dx.doi.org/10.1007/s11222-016-9696-4
http://dx.doi.org/10.1214/17-BA1091
http://dx.doi.org/10.7717/peerj.12894
https://peerj.com/

	Growth, maturity, and diet of the pearl whipray (Fontitrygon margaritella) from the Bijag&#x00F3;s Archipelago, Guinea-Bissau
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


