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Biology of Hippocampus patagonicus (Syngnathidae) in Brazilian waters. A
species threatened with extinction, with suggestions for the conservation of
seahorses in Brazil
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ABSTRACT. Specimens of Hippocampus patagonicus obtained in the bycatch of trawling in the states of Rio
Grande do Sul (RS) and Rio de Janeiro (RJ) were collected in 2012 (n = 199) and 2014 (n = 157), respectively.
Mean height of females of reproductive age in RS was 8.89 + 1.9 cm, with the fecundity of 366 + 195.8 eggs
per clutch, and for males of reproductive age, height was 8.79 + 1.86 cm and weight 2.3 + 1.67 g, with 404 + 99
embryos at each gestation. In RJ, height was 9.69 + 1.05 cm and weight 2.9 + 0.9 g, with the fecundity of 277 +
95.06 eggs per clutch, and for males, height was 10.06 + 1.02 cm and weight 3.68 + 1.18 g, with the fecundity
of 156.38 + 66 embryos at each gestation. The equations obtained from the weight (W) to height (H) ratio were:
W = 0.002 H3%#2 R2= 0.947 (RS males); W = 0.004 H**% R?=0.949 (RS females); W = 0.0050 H?#%, R?=
0.793 (RJ males); W = 0.014 H2%5 R2=0.733 (RJ females). RS females produced more eggs (P = 0.023), and
males incubated more embryos (P = 0.000) than those of RJ. The mean height of brood pouch formation in
males was 4.69 + 0.48 cm, 95% CI [4.53; 4.86], while the mean height at first sexual maturity was 8.34 cm
(95% CI [7.481; 9.046]). Alternative strategies need to be developed for the conservation of H. patagonicus in
Brazil.
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INTRODUCTION et al., 2007; Mai & Velasco, 2011; Silveira & Silva,
2016; Silva et al., 2017; Siqueira et al., 2017).

Although widely distributed, most seahorse species are
threatened with extinction due to targeted fishing,
bycatch and destruction of their habitats, which have a
substantial impact on the delicate population structure
of these species. Particular biological characteristics
shared by species of the genus Hippocampus, such as
monogamy, low population density and spotty distri-
bution, low fecundity and local fidelity, among others,
make the group even more susceptible not only to
fishery or tourist overexploitation, but to various other
anthropic changes occurring in the sea, estuaries and
mangroves (Lourie et al., 2004; Silveira, 2005; Rosa et
al., 2011; Vincent et al., 2011; Pujol, 2014).

Among the three species of seahorses that occur in
Brazil (Silveira et al., 2014), Hippocampus reidi
Ginsburg, 1933, which inhabits marine and estuarine
waters, is the most studied (Silveira, 2000, 2005; Rosa
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Regarding the other two species, Hippocampus erectus
Perry, 1810 and Hippocampus patagonicus Piacentino
& Luzzatto, 2004, little is known about life history
characteristics in Brazilian waters, since none of them
are found in estuaries, where seahorses are more
accessible and study less expensive than at sea. For H.
erectus, for example, the only available data are records
of occurrence at sea from the state of Rio Grande do Sul
(RS) to Para (Silveira et al., 2014) and basic biology
information obtained in captivity (Silveira & Silva,
2016).

H. patagonicus was described for west Bahia de San
Antonio, in Argentine Patagonia (Piacentino &
Luzzatto, 2004), and its distribution has recently been
extended to Brazil (Boehm et al., 2013; Silveira et al.,
2014), where specimens of this species have been
mistaken for H. erectus in Brazil (Figueiredo &
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Menezes, 1980; Silveira, 2011; Silveira & Oliveira,
2012; Silveira et al., 2014) and Uruguay (Nion et al.,
2002). H. patagonicus can occur in an area of
approximately 3,300 km from the coast between
Argentina, Uruguay and Brazil. Nevertheless, in none
of these countries, do we fully understand their
distribution and life history. The three seahorse species
recorded for Brazilian waters are listed in the official
list of endangered species in Brazil, all in the
“Vulnerable" (VU) category (MMA, 2014). At the
global level, the International Union for Conservation
of Nature (IUCN) evaluated H. reidi as “near
threatened” (NT) and H. erectus and H. patagonicus as
VU (IUCN, 2017).

The trade of H. patagonicus has been recorded in
Argentina for decades (Pujol, 2014) and in Brazil, the
species has also been marketed possibly with incorrect
identification (Silveira, 2005; Rosa et al., 2011), due to
the systematic confusion that existed until 2014
(Silveira et al., 2014).

In Argentina, H. patagonicus can be found in
estuaries (Piacentino & Luzzatto, 2004; Storero &
Gonzélez, 2008), but in Brazil, this species occurs
exclusively in the sea, where it has been collected as
bycatch at depths between 11 and 57 m and a distance
of 0.77 to 78 nm (nautical miles) from the coast
(Silveira et al., 2018). More recent observations show
H. patagonicus at depths of up to 100 m (Silveira,
unpubl. data).

We aimed to estimate some aspects of the life
history of the species such as height at first sex gonadal
maturity, height of brood pouch formation in males,
fecundity and fertility, with specimens from the pilot
study on the presence of seahorses in trawls of the
industrial and semi-industrial marine fishing in the
states of RS and RJ. Finally, the paper aimed to provide
information that helps public policies for the
conservation of H. patagonicus in Brazil.

MATERIALS AND METHODS

Specimens of Hippocampus patagonicus from trawling
bycatch were collected off the coast of RS, in
southernmost Brazil, and on the coast of RJ, southeast
region (Fig. 1), from February to November 2012 and
November and December 2014, respectively. The
biological material was collected according to Silveira
et al. (2018) and came from two trawlers in RS and one
in RJ.

The animals were fixed in absolute alcohol for
analysis of the following parameters: fecundity
(number of eggs per female), fertility (number of
embryos per male), height (H, linear measure of the top

of the head to the tip of the stretched tail), weight-height
ratio, mean height of brood pouch formation, mean
height at first sexual maturity, sex ratio and head
length/snout length ratio (HL/SNL). For juvenile
specimens, with no apparent external secondary sexual
characteristics, sex was established by analysis of the
gonads under a stereoscopic microscope, according to
the criteria of Vazzoler (1996).

The seahorses were identified according to
Piacentino & Luzzatto (2004) and Silveira et al. (2014),
measured with a digital caliper (0.5 mm), and weighed
on a semi-analytical scale (0.001 g). Female’s eggs, as
well as the embryos incubated by males, were counted
under a stereomicroscope to estimate fecundity and
mean fertility, respectively. HL/SNL was determined
from the measurements taken with a digital caliper
(Lourie et al., 1999). The correlation of weight and
height with the number of eggs for females and the
number of embryos for males was tested using the
Kendall test (1938). To test the significance of any
differences between the sexes, as for the measures of
height, weight and HL/SNL ratio, and between the
sampling sites, regarding number of eggs, number of
embryos and HL/SNL, the Mann & Whitney test (1947)
and Student t-test (1908) were used, along with the
binomial test for comparing sexual proportions. The
software used was R, version 3.5.0 (R Core Team,
2018), and the level of significance was 5%.

The mean height of the brood pouch formation was
determined in juveniles, from the smallest male with a
fully formed pouch to the largest male with the pouch
still forming. Linear regression was applied where the
variable indicating the formed brood pouch assumed a
value of “1”, while the variable indicating the pouch
still forming was “0” (Silveira & Silva, 2016). For
regression results that did not show a difference in
height between the animals with the pouch still forming
and the pouch already formed, we determined the
mean, standard deviation and confidence interval (CI)
at the 5% level of significance of the same group of
animals to obtain the mean height of brood pouch
formation.

The equation of the weight-height relation was
estimated by linear regression (log-log model), using a
5% level of significance. For this calculation, two
ranges of heights were used: for juveniles, male or
female, <6.0 cm, and, for male or female adults, >6.1
cm. The choice for cutoff point (6.1 cm) was based on
the height of the first male observed pregnant in RS.
For RJ, since only adults were collected, this
calculation was made considering the height range of
the animals collected.

The mean height at first sexual maturity, in which
50% of the population is reproductive (Vazzoler, 1996),
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Figure 1. Sampling sites of Hippocampus patagonicus in the states of Rio Grande do Sul and Rio de Janeiro, Brazil.

was determined using the relative frequency of
pregnant males according to height class, fitted to the
following logistic function:

1

F= 1+ e—r(Ht—Hm)+bxlocation

Where F is the frequency of pregnant males per
length class, r is a parameter related to the rate of
immature-mature state change, Ht is body height, and
Hm is the estimated size at first gonadal maturity,
Location is a binary variable used to separate the
animals observed in RS (indicated by 1) and RJ
(indicated by 0); b; is the parameter that indicates the
difference in height at first maturation between animals
from RS and RJ.

Fitting was done using the nonlinear regression
routine of R, version 3.5.0. with adjustment using the
Levenberg-Marquardt algorithm. The same mean value
at first gonadal maturity was assumed for males and
females (Silveira, 2005; Silveira et al., 2016).

The weight to height ratio will be obtained through
linear regression, where the weight variation is
estimated as a function of the height of the seahorses,
adopting a level of significance of 5%. The weight-
height equation (W = aH®) will be adjusted according
to Huxley (1924) using the least-squares method
applied to the converted data in their respective natural
logarithms.

RESULTS

Rio Grande do Sul

One hundred and ninety-nine seahorse specimens were
collected, of which 197 were identified as Hippo-
campus patagonicus, one as H. reidi and one as H.
erectus. Of the total H. patagonicus individuals, 92
were females, and 105 were males. There was no
significant difference in the proportion between males
and females for H. patagonicus (P = 0.3546). The
height of the females varied between 2.5 and 13.0 cm.
The smallest ovate female showed a height of 5.1 cm
and had 442 eggs, and the mean height of females of
reproductive age was 8.89 £ 1.9 cm, while mean weight
was 1.67 = 1.4 g and fecundity 366 + 195.8 eggs per
clutch (n = 29). Male height varied between 2.6 and
13.0 cm, and the mean height of males of reproductive
age was 8.79 + 1.86 cm, with a mean weight of 2.3 +
1.67 g. Of the 105 male seahorses, 30 were of
reproductive age, and 10 were pregnant, making it
possible to estimate fertility of 404 + 99 embryos per
pregnancy.

The mean height of brood pouch formation was 4.69
+0.48 cm (95% CI [4.53; 4.86]). Young male seahorses
(2.6 to 6.0 cm) had a mean height of 4.064 + 0.825 cm
and a weight of 0.266 + 0.171 g, while females (2.5 to
5.9 cm) had a mean height of 3.916 + 0.945 cm and
weight of 0.272 + 0.221 g, where there was no
significant difference between the sexes (P = 0.242 and
0.220, for height and weight, respectively).
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Table 1. Estimation of the mean height at first gonadal
maturity for Hippocampus patagonicus in the state of Rio
Grande do Sul, Brazil. Setting curve using nonlinear
regression - Levenberg-Marquard algorithm. r: linear
correlation, Hm: size at firt gonadal maturity.

Standard Confidence
Parameter Estimate > o oaC  [imit(95%) P
deviation
Lower Upper
r 0.536 0.278 -0.122 1.194 0.112
Lm 8.515 0.841 6.526 10.505 0.000
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Figure 2. Height at first gonadal maturity of Hippocampus
patagonicus collected in the state of Rio Grande do Sul,
Brazil.

The analysis by height class of adult animals
showed that between 8.1 and 9.0 cm, 50% of the males
collected were pregnant, and the mean height at first
gonadal maturity was estimated at 8.51 cm (Table 1,
Fig. 2).

Although the animals at reproductive age, found
sexually mature, were captured in the months of
February and March, it was not possible to estimate a
reproductive period due to the lack of samplings in all
months of the year, where these were limited to
February (n=112), March (n = 35), April (n = 14), May
(n =5), July (n = 14), August (n = 10), October (n = 5)
and November (n = 2). The equations obtained for the
weight-height relation are shown in Table 2.

The allometric coefficient of the males (3.182)
showed a more pronounced growth in weight than in
height, whereas for females, allometric growth was
negative (2.914), non-significant difference to isometry
(P = 0.3013 and P = 0.6068, respectively), close to
isometric (3.0), that is, a proportional increase in weight
and height. Juveniles of both sexes showed negative
allometric growth, growing more in height than in
weight.

Table 2. Equations of weight (W)-height (H) relation for
males and females of Hippocampus patagonicus collected
in the state of Rio Grande do Sul, Brazil. R?: coefficient of
determination.

Height

Sex Equation R?
(cm)

Male >6.1 W =0.0022 H3182 0,947

Male juvenile <6.0 W =0.0056 H2%%  0.909

Female >6.1 W =0.0039 H2%4  0.949

Female juvenile <6.0 W =0.0054 H?7%"  0.959

The head length/snout length ratio showed no
difference between the sexes (P = 0.472). When ana-
lyzed by height class, weight and height did not show
significant differences between the sexes for males and
females from the mean height at first gonadal maturity
(weight, P =0.592 and height, P = 0.191), nor for males
and females below this value (weight, P = 0.220 and
height, P = 0.242).

Rio de Janeiro

A total of 159 seahorses were collected, all identified
as H. patagonicus, of which 57 were females, and 102
were males, with significantly more males (P = 0.000),
and heights ranged from 7.2 to 12.5 cm. The mean
height of females of reproductive age was 9.689 + 1.05
cm, and weight was 2.95 + 0.9 g, while fecundity was
277 £ 95.06 eggs per clutch (n = 57). The mean height
of males of reproductive age was 10.06 £ 1.02 cm, and
weight was 3.68 + 1.18 g. The male seahorses were of
reproductive age, and 73 were pregnant, making it
possible to estimate fertility of 156.38 + 66 embryos per
pregnancy. The analysis by height class showed that
between 8.1 and 9.0 cm, 54.5% of the males collected
were pregnant, and the mean height at first sexual
maturity was estimated at 8.39 cm (Table 3, Fig. 3).

It was not possible to determine the mean height of
brood pouch formation due to the lack of juveniles in
the samples. Although the animals of reproductive age
were captured in November (h = 124) and December (n
= 35), it was not possible to estimate a reproductive
period due to lack of sampling in the other months of
the year. The equations of weight to height ratio are
shown in Table 4.

Rio Grande do Sul x Rio de Janeiro

The HL/SNL ratio showed no difference between the
sexes from the same locality (Table 5), but this variable
was lower in the RJ population (Table 6), suggesting a
larger snout size for the seahorses of that state
compared to RS. Similarly, the weight and height of
males and females were higher in RJ than in RS, but RS
specimens had more eggs and embryos than the RJ
population (Table 5).
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Table 3. Estimation of the mean height at first gonadal
maturity for Hippocampus patagonicus in the state of Rio
de Janeiro, Brazil. Setting curve using nonlinear regre-
ssion - Levenberg-Marquard algorithm. r: linear correla-
tion, Hm: size at firt gonadal maturity.

Standard Confidence
Parameter ~ Estimate d anaard.— imit(95%)  p
eviation
Lower Upper
r 0.579 0.161 0.213 1.302 0.023
Hm 8.392 0.415 6.090 9.373 0.000
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Figure 3. Height at first gonadal maturity of Hippocampus
patagonicus collected in the state of Rio de Janeiro, Brazil.

For the RS sample, there was no correlation between
weight or height with the number of eggs produced per
clutch (P = 0.469 and 0.427, respectively), nor with the
number of embryos incubated by the male (P = 0.381
and 0.114; respectively), but there was a significant
positive correlation between weight and height for
males and females (P < 0.001). Likewise, in the RJ
sample, there was no significant correlation between
weight and height with the number of eggs produced
per clutch (P = 0.469 and 0.427, respectively), nor with
the number of embryos incubated by the male (P =
0.381 and 0.111, respectively). There was a positive
correlation between weight and height for both males
and females (P < 0.001). However, males showed
higher weight and height than females in RJ (Table 5).

Combined data at first gonadal maturity (RS+RJ)

The proportion of pregnant males observed in RJ and
RS was statistically similar, as was the mean height at
first sexual maturity by location (P > 0.005). Accor-
dingly, we combined the observed samples to fit a
single nonlinear regression model for the estimation of
the mean height at first sexual maturity for the species
in Brazil (Table 7).

Table 4. Equations of weight (W)-height (H) ratio for
males and females of Hippocampus patagonicus collected
in the state of Rio de Janeiro, Brazil. R?: coefficient of
determination.

Sex Height (cm) Equation R?

Male 7.5 W =0.005 H>88 0,793

Female 7.2 W=0.014 H?%5 0,733
DISCUSSION

A large number of seahorses whose biology is known are
considered monogamous (Vincent, 1994; Kvarnemo et
al., 2000; Foster & Vincent, 2004; Silveira, 2005), and a
paired sex rate of 1:1 is expected. However, different
results occur and can be attributed to environmental
conditions, seasons, fishing, or merely insufficient
sampling. According to Pujol (2014), the population of
Hippocampus patagonicus occurring in the Port of Mar
del Plata, Argentina, showed a variable sex ratio,
depending on the season of the year, but considering the
entire sample in the several seasons, there was no
difference between the sexes. Siqueira et al. (2017)
studied a population of H. reidi in southern Brazil and
found a similar sex ratio with no significant difference
between the sexes. In the present study, the sample
from RS, which was the best represented in all height
classes, did not show any difference regarding sex ratio
(P = 0.355), including the juveniles that had their
gonads macroscopically analyzed. On examining
height class, considering important events such as mean
height at first gonadal maturity (8.34 cm), thus meaning
operational sex ratio, i.e., mature males and females
available for mating, there was no significant diffe-
rence, corroborating a monogamous behavior. The
condition factor revealed by the parameter “a” in the
weight-height equation (Table 2), showed the highest
values for the young age range, demonstrating better
conditioning in juveniles compared to adults, which are
already allocating their energies for reproduction/
gestation. The coefficient of determination (R?)
indicated that the size of the fish explains between 90
and 96% of the observed weight.

For the RJ sample, the sex ratio was firmly in favor
of males, and the large difference (102 males: 57
females) could be explained by insufficient sampling
(only two months of the collection), since proportions
may vary with the season of the year (Pujol, 2014). The
negative allometric coefficient for both sexes (<3)
showed greater development in height than weight,
although males were heavier and taller than females,
which showed a higher condition factor (Table 2). The
coefficient of determination (R?) indicated that the size
of the fish explained 73-79% of the weight.
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Table 5. Comparison of the variables HL/SNL, height, and weight between the sexes in Hippocampus patagonicus. Values

in bold indicate a significant difference. RS: Rio Grande do Sul,

RJ: Rio de Janeiro.

. . Sex

Location/Variable Females Males P
RS

HL/SNL 3.762 (0.520) 3.742 (0.522) 0.472
Height 8.892 (1.902) 8.790 (1.832) 0.824
Weight 2.106 (1.498) 2.297 (1.632) 0.940
RJ

HL/SNL 3.401 (0.256) 3.381 (0.436) 0.526
Height 9.686 (1.058) 10.067 (1.028) 0.029
Weight 2.957 (0.907) 3.679 (1.180) 0.000

Table 6. Comparison of the variables HL/SNL, height, and weight between the locations of Hippocampus patagonicus.

Values in bold indicate a significant difference.

. Local

Variable RS RJ P

HL/SNL (females) 3.762 (0.520) 3.401 (0.256) 0.000
HL/SNL (males) 3.742 (0.522) 3.381 (0.436) 0.000
Height (females) 8.892 (1.902) 9.686 (1.058) 0.026
Weight (females) 2.106 (1.498) 2.957 (0.907) 0.002
Height (males) 8.790 (1.832) 10.067 (1.028) 0.001
Weight (males) 2.297 (1.632) 3.679 (1.180) 0.000
Number of eggs 366.600 (195.860)  227.680 (95.070)  0.023

Number of embryos ~ 404.110 (99.230) 156.380 (66.620)  0.000

Table 7. Estimation of the mean height at first gonadal
maturity for Hippocampus patagonicus in Brazil. Setting
curve using nonlinear regression - Levenberg-Marquard
algorithm. r: linear correlation, Hm: size at firt gonadal
maturity.

. Standard C_:or}fidence
Parameter  Estimate deviation limit (95%) o]
Lower  Upper
r 0.572 0.105 0.341 0.923 0.0028
Hm 8.342 0.286 7.481 9.046 0.0000

Comparisons among populations regarding weight
and height data suggest that individuals in RJ are larger
and heavier than those in RS. However, this result
should be viewed with caution, since in RJ, only adult
specimens were collected, it is possible to have been
some sampling bias. The maximum height of a species
does not appear to vary with latitude, although H.
abdominalis exhibited greater height at higher latitudes,
which may represent a response to temperature
variation (Foster & Vincent, 2004). In general,
seahorses also do not display differences in size
between the sexes (Foster & Vincent, 2004; Silveira,
2005; Pujol, 2014; Siqueira et al., 2017), as seen in the
RS sample. Concerning weight, however, males are
expected to be heavier than females, due to the

development of the brood pouch (Lovett, 1969;
Vincent, 1990; Filleul, 1996; Silveira, 2005; Silveira &
Fontoura, 2010). In the RJ sample, males were larger
and heavier than females (Table 4), and in both RJ and
RS, females had a higher condition factor than males.
Possibly this is due to the fact that males carry the
developing eggs after mating in addition to supporting
the weight of their brood pouch, and bear the energy
cost of the complex physiology of embryo nutrition
(Linton & Soloff, 1964; Boisseau, 1967; Azzarello,
1991; Melamed et al., 2005). Silveira (2005) reported a
lower weight of 1.62 + 0.89 g in H. reidi males after
releasing the offspring from the brood pouch (n = 5).

The difference in height between the sexes in the RJ
sample was possibly a reflection of the sex ratio, which
was strongly male-biased, with insufficient or sampling
bias as an explanation.

The highest fecundity and fertility rates shown by
the RS population about RJ might have been related to
the higher latitudes, and it is believed that the size of
the clutch does not decrease with latitude as
compensation for the larger size of the egg and the
juvenile (Foster & Vincent, 2004). On the other hand, a
negative correlation was observed between clutch size
and egg size for various taxa, such as fish (Duarte &
Alcaraz, 1989; Elgar, 1990), copepods (Poulin, 1995),
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turtles (Elgar & Heaphy, 1989) and birds (Lack, 1968;
Blackburn, 1991). The groups showed a larger clutch at
higher latitudes, which would be related to a more
extended photoperiod and maintenance costs associated
with high temperatures (Fleming & Gross, 1990), with
natural selection making the balance between many
small eggs with less probability of survival versus a few
larger eggs of higher quality and greater probability of
survival.  For example, for Pacific salmon
(Oncorhynchus spp.), it was observed that fecundity
increased with latitude, but that egg size decreased as
compensation, while smaller eggs and fry at lower
latitudes would result from maintenance costs
associated with high temperatures (Drucker, 1972;
Crone & Bond, 1976; Beacham, 1982; Healey & Heard,
1984). Populations of the same northern salmon species
produced 38% more eggs than did southern populations
(Fleming & Gross, 1990). In the present study, H.
patagonicus females of RS produced 39.53% more
eggs compared to those of RJ, and RS males incubated
61.3% more embryos compared to RJ males, although
the sample of adults and in maturation/mature fish from
RS was smaller than those of RJ.

The brood pouch, present in males, is a character of
sexual dimorphism in seahorses. The mean height of
brood pouch formation is a measure of fundamental
importance because, together with other life-history
data, it allows the visualization of the population
structure of the species, favoring animal management
decisions (Baum et al., 2003; Silveira, 2005; Silveira et
al., 2016). Preliminary data suggest that for H. reidi, the
formation of the brood pouch varies with latitude, and
there appears to be a latitudinal gradient directly related
to the development of the animal, that is, the lower the
latitude, the slower the development (Silveira et al.,
2016). Studies of several species of fish with broad
distribution bands have shown that juvenile growth
rates are faster at higher latitudes, where the growing
season is shorter, influenced mainly by temperature
(Winemiller, 1995). The annual mean sea surface
temperature is 23.73°C in RJ, 19.02°C in RS, and
decreases as latitude increases (Table 8, Fig. 4).

The results suggest that the difference in
temperature ranges between RS and RJ was not enough
to influence the mean height at first gonadal maturity
since the values shown by the populations of the two
regions were similar, even with the presence of a
marked seasonality in RS.

On the other hand, similar measures of height at first
gonadal maturity do not necessarily mean that the
individuals are of the same age. Populations of H.
trimaculatus from southern and northern China, for
example, mature at the same size but with an age
difference of about two months (Wilson & Vincent,
1998). The southernmost part of South America for which

Table 8. Comparison of mean annual seawater tempe-
rature (°C) at cities of occurrence for Hippocampus
patagonicus in Brazil (BR) and Argentina (AR)
(www.seatemperatura.org). Different superscript letters in
the column indicate significant differences (P < 0.05).

Local Mean standard -y
deviation

Puerto Madryn-AR 13.29¢ 2.95 0.000

San Antonio Oeste-AR  14.71° 3.15

Rio Grande (RS)-BR 19.02° 3.94

Rio de Janeiro (RJ)-BR  23.732 1.39

Mar del Plata-AR 15.18b¢ 3.76

occurrence of H. patagonicus is cited is Puerto Madryn,
Argentina (42°S) where the mean annual sea surface
temperature is 13.29°C and where H. patagonicus
showed a height at first sexual maturity of 11 cm (Wei
etal., 2017).

According to the HL/SNL index, specimens of H.
patagonicus (males and females) from southern Brazil
(RS) showed a significantly shorter snout (HL/SNL
3.76 + 0.52) compared to RJ (3.40 £ 0.25), while the
Argentinian specimens displayed a higher index
compared to those from RS, 4.36 + 1.23 (Piacentino &
Luzzatto, 2004), indicating an even smaller snout.

Relevant studies describe the snout size of the
Syngnathidae concerning its predatory behavior,
hydrodynamic morphology, diet and trophic position,
food ontogenetic differences and resource availability
(Teixeira & Musick, 2001; Castro et al., 2008; Gurkan
et al., 2011; Pereira, 2016). Known as "pivot feeders,"”
seahorses can orchestrate synergistic movements using
their unique anatomy and performing a dorsal head
rotation and snout spin that allow them to reach prey
faster and at a greater distance, directly influencing the
success of the catch. It has also been observed that
shorter and wider snouts are specific to animals with
more sedentary habits and that they consume larger
prey, whereas the longer and thinner snouts are to
obtain smaller and faster prey (Lussanet & Muller,
2007; Roos et al., 2010; Manning, 2017). The results
obtained in the present study, compared to literature
data, demonstrate intraspecific differences in the snout
size of H. patagonicus. The variation in the snout size
of H. patagonicus from RJ to Patagonia (San Antonio
Oeste) suggests a latitudinal gradient that would be
supported by temperature. Regardless of diet, a shorter
snout in colder waters (in winter in San Antonio Oeste,
the surface water, temperature is as low as 6°C) would
be more advantageous because of the relatively less
difficulty of keeping it oxygenated and “warmed” enough
to perform its vital function of feeding the individual
and maintaining its life. It is well known according to
general physiology, that blood vessels contract in the
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cold and that the extremities are the most affected parts
of the body with the lack of oxygenation and heat to
maintain their functions, especially the enzymatic
systems (Schmidt-Nielsen, 2002). Thus, a shorter and
broader snout could be an advantage for seahorses
living in colder waters by exposing a smaller surface to
intense cold.

Argentina and Brazil share many fisheries
resources, such as hake, Merluccius hubbsi (Merlu-
ccidae). Fishery biology studies have identified that the
southeastern hake stock (between 21 and 29°S) is
distinct from the southern stock (between 29 and 34°S,
shared with Uruguay and Argentina) (Vaz-dos-
Santos et al., 2009). The lack of biological data on H.
patagonicus, both in Argentina and Brazil, does not
allow conclusions about the dynamics of the species'
stocks. However, the vast extent of occurrence of H.
patagonicus (3,300 km from Argentina to the southeast
of Brazil) and life history characteristics common to
seahorses (monogamy, low population density, low
fecundity, local fidelity and spotty distribution) suggest
that populations are less dispersive and more
susceptible to isolation and population segregation
events, despite its planktonic phase and the dispersion
through floating substrates (Luzzatto et al., 2013). The
fact that H. patagonicus reaches sexual maturity at 11
cm in Mar del Plata (Wei et al., 2017) and 8.34 cm in

Brazil, as well as differences in the length of the snout
shown by the populations of Argentina and south and
southeast Brazil, may indicate that this species shows
stocks with distinct characteristics along the west coast
of the Atlantic. These results demonstrate the need for
further studies on H. patagonicus, including molecular
investigations, to better understand the genetic varia-
bility of the species in its area of occurrence.

CONCLUSIONS AND SUGGESTIONS

The results of the present study represent the first data
on the biology of Hippocampus patagonicus in
Brazilian waters. In Brazil, there are some programs
focused on the conservation of seahorses. The National
Action Plan for the Conservation of Coral Environ-
ments (PAN Corais) is an initiative of the Brazilian
government aimed at the conservation of biogenic
reefs, sandstones and rocky shrublands with the
presence of corals, from shallow waters to great depths
and that shelter a considerable diversity of species of
fauna and flora. Among the various species to be
protected, called target species of PAN Corais, and
listed in the list of endangered species, are seahorses.
The data on H. patagonicus bycatch (Silveira et al.,
2018) and the biology data presented in this study point
to the need for alternative conservation strategies
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beyond those presented to date, considering that H.
patagonicus does not occur in coral environments
protected by PAN Corais. Conservation strategies
should be expanded not only to include H. patagonicus,
but also H. erectus, whose biology is poorly known in
Brazil. For this species, we do not even know its
location or settlement areas, because they rarely appear
during monitoring dives or bycatch, never being found
in abundance. A joint effort between researchers and
government will be necessary to learn about the
distribution and life history of these species and then to
protect them adequately.

For H. reidi, a species that occurs in the marine
environment and the mangrove swamps, PAN Corais
can be involved, and it would be prudent and necessary
to include it in PAN Manguezal too, since it is the
habitat where its occurrence and density are higher, and
since we do not know yet if the population(s) of the sea
can be considered genetically the same as that in the
mangrove. It will be of fundamental importance with
the bioecological and distribution data of the species,
the knowledge of the genetic diversity for the
evaluation of its real state of conservation.
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