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Abstract The occurrence of imposex was detected in Canarium urceus urceus in Nasipit, Agusan del Norte,
Caraga, Philippines. The imposex indices registered the Incidence of Imposex (IOI), Conversion of Potential Female
Index (CPFI) and Relative Penis Length Index (RPLI) of 36%, 27%, and 30% respectively. The morphology of
gonad of males was characterized by bright orange-red and whitish spot. A female gonad has a completely yellow in
color. Imposex female’s gonads has yellow or a mix of yellow and pale orange. The result of the histological
analysis revealed that the male gonads were in the active and ripe stages. Out of the samples subjected for
histological analysis, 70% undergo the ripe maturity stage and the rest of the samples were active. The female
gonads were 80% active and the rest of the samples were ripe. For the imposex gastropods, 100% of the histological
samples have the presence of ovarian spermatogenesis. It is recommended to conduct an analysis of Tributyltin
(TBT) in the tissue of the gastropods and even on sediments.
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1. Introduction
The C. urceus urceus is an important commercial
seafood in the Philippines and Indo Pacific Region. This
species is abundant wherever it occurs, and is normally
associated with sandy mud bottoms and seagrass beds
[1,2]. It was the most abundant herbivorous gastropod
within the study site. Since gastropods are indicator of
pollution in marine environment [3], it might be that the
C. urceus urceus in the area was already affected specially
their reproductive conditions.
In the same area (Nasipit, Agusan del Norte) it was
reported that there are occurrences of imposex in some
gastropods species like the Thais tuberosa and Cronia
margariticola [4]. Imposex or pseudohermaphrodism is a
widespread phenomenon among prosobranch molluscs
characterized by the development and superimposition of
non-functional male accessory sex organs (i.e vas differences
and/or a penis) on female or juvenile gastropods [5]. Aside,
it was observed that the operculum of imposex is much
wider compared to female and male. However, the male
gastropod operculum is wider compared to a normal
female [6].

The incidence of imposex in gastropods is a worldwide
concern and has been studied in many gastropods [3,7,8,9].
This phenomenon is caused by exposure to Tributyltin
compound and results in accumulation of testosterone in
the gastropods [10,11]. Tributyltin is the most commonly
used antifouling agent used in paints for the underwater
hull of large boats [12]. It was used to kill the algae,
mussels and barnacles found in the hulls of the vessels
which are a historic problem that hinders the operation of
marine vessels.
The use of imposex standard indices will be established
to evaluate the incidence of imposex in other gastropod
species in Nasipit, Agusan del Norte considering that it is
an inexpensive method to establish occurrence, patterns
and changes in TBT pollution in marine environment.
Considering that there are no agencies in the Philippines
cater the analysis of Tributyltin (TBT), the analysis of
TBT was not included in the study. However, for the
future studies, this analysis will be carried out.
This study is very essential in on the reproductive
condition of C. urceus urceus in Caraga Region. There is
no study conducted in this gastropod in the incidence of
imposex, morphological and histological characterization
of gonads. This study will be anchored on the aim of
addressing marine pollution in the coastal areas and
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to describe its reproductive aspects. Also, its significance
on the perspective of sustainable marine and coastal
management.

2. Materials and Methods
2.1. Study Site, Collection of Samples and
Processing
The collection of samples was done in the months of
November and December 2014. The collection was
random based from the gleaners in all sampling sites. The
collection sites were situated on the sea grass since this
specimen is bound to rocks and in sea grasses further
down the shoreline. Also, majority of the gleaners prefer
to collect shells in the intertidal area. A Global Positioning
System (GPS) was used in order to keep track the gleaners
of the exact locations of the sampling sites.

Table 1. Gonad development and microscopic features of each
maturity stage [15]
Maturity stage
I. Resting

II. Active Gonads

III. Ripe Gonads

2.2. Processing of Samples
The specimen was preliminarily narcotized with magnesium
chloride solution 3.5 % [13] and preserved in a refrigerator.
After 24 hours, the samples were placed in 10% formalin
solution of seawater and kept frozen prior to analysis. The
use of this technique is proved very practical [1]; slowly
pull the soft body until the columella muscle snapped
without the need to break the shell.

2.3. Recognition of Sexes
The C. urceus urceus was classified as female, imposex
female and male using penis length and gonad color as
diagnostic features. The females had no penis and gonads
that were fully yellow in color. Males were recognized
having penis and gonads that were orange-red and few
whitish spot. Imposex females had small penis and gonads
that was mix of pale orange and yellow. Also, imposex
was examined through morphological deformities like the
symmetry in tentacles and abnormal eye growth.

VI. Spent Gonads

Main features of gonadal condition
Gonads have little internal structure; few small and
incipient primary germ cells (spermatogonia and
oogonia) are dispersed in a large and loose matrix
of connective tissue.
Progressively increase in size; the connective tissue
is condensed in favor of more developed and
closely packed acini. in males, diverse
spermatogenic stages are visible (spermatocytes,
spermatids and a few spermatozoa that occur in the
lumina of the acini); in females, vitellogenic
oocytes proliferate and appear at the periphery of
the acini.
In females, The ripe gonad is very compacted, full
of mature oocytes with vitellum and packed with
yolk granules (although earlier oogenic stages
might still occur near the wall). In males, gonads
greatly increase in size; the connective tissue virtually
disappears, the acini are more grouped and highly
compressed; in males, the acini are distended and
their lumina are full of mature spermatozoa.
Gonads greatly reduce in size because most
gametes were released; large empty acini with
some gametogenic remains are scattered in loose
matrix of connective tissue. Most acini are
completely empty, although a few might still
contain some mature spermatozoa or oocytes; the
undischarged oocytes undergo atresia, degenerate
and are reabsorbed.

2.5. Data Analysis
To determine the occurrence of imposex, the following
indices for indirect biomonitoring were calculated: The
Relative Penis Length Index (RPLI) is an index that
quantifies the degree of imposex in the population and is
obtained from the equation: (Mean length of female
penis)/(Mean length of male penis) x 100 [16]. The
Conversion of Potential Female Imposex Index (CPFII) is
an index developed to calculate the potential females of a
given area of population converted to imposex. Equation
is obtained in (number of imposex animals)/(Number of
Animals + Number of Imposex Animals) x 100 [17]. The
Incidence of Imposex (IOI) was calculated by the Number
of Imposex Animals)/(Total Numbers of Females) x 100 [18].

2.4. Histology of Gonads
A total of 30 individuals (10 males, 10 females and
10 imposex) were randomly selected for the histology of
gonads. The color of the gonad is easily noticeable.
However, the gonad is closely associated with the
underlying digestive gland, which makes it difficult to
dissect from the rest of the soma without damage and
loss of gonadal tissue [14]. Therefore, this assemblage
of tissues was digestive gland and gonad. The tissue
was fixed with Bouins fluid containing Formalin, Glacial
Acetic Acid, and Saturated Picric Acid in ratio 5:45: 75
for 24 hours at room temperature. Organs were rinsed
in tap water and transferred into 70 % ETOH for
storage until the color is soluble xylene. Gonads were
submitted for histological preparations at histopathology
laboratory of Butuan Doctors Hospital, Butuan City. The
description of gonadal development and microscopic
features of each maturity stage was adopted in Bolinus
brandaris [15].

3. Results and Discussion
3.1. Occurrence of Imposex
A total of 169 of individuals of C. urceus urceus were
collected from the Barangay Talisay, Nasipit Agusan del
Norte. As shown in Figure 1, revealed that the IOI, CPFII
and RPLI of 36 %, 27%, and 30% respectively in all
sampling sites. The incidence of imposex (IOI) recorded
36 % of the population of the female has the occurrence of
imposex. The extent of imposex is determined using the
index of Conversion of Potential Female to Imposex
Indices (CPFII). The study revealed that 27 % of the
population of the potential females was converted into
imposex. Moreover, a relatively high RPLI was observed,
wherein a significant development of the penis among
female gastropods developed 30 % of the actual male
penis among the populations.
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Figure 1. The imposex occurrences

Figure 2. Internal structure of C. urceus urceus (A. male; B. female; C. imposex; mn: mantle; ft: foot; pn:penis; fp: female penis gn: gonad;
dg: digestive gland; rt: right tentacles; lt: left tentacles; re: right eye; le: left eye)

3.2. Morphological Characterization
It has been observed that all imposex C.urceus urceus
possess unequal length of tentacles (Figure 2). The right
tentacle is shorter compared than the left tentacle.
However, the male and normal female exhibit equal length
of tentacles. The tentacles of the gastropods are their
sensory organ [19]. They use them to feel around their
environment. Also, they have a light-sensitive patch on the
tip of the tentacles the eyes of the snail. There are also
olfactory sense cells or sense of smell on the tentacles.The
possibility of abnormal length of the tentacles of imposex
gastropods may vary with the habitat they occupied. The
presence of assumed organotin compound in the area may
lead to the abnormal formation of the different parts of the
gastropods. This result of the study was the same on the
Nucella lapillus that there are morphological deformities
from contaminated sites [3]. It was also reported in
Babylonia spirata that there are morphological abnormalities
in the growth of the tentacles and abnormal eye [20]. The
male penis of C. urceus urceus consists of a long
(1.13cm ± 0.21); and slender in the middle and stout
tip penis. However, the female imposex are shorter
(0.31cm ± 0.026), stout in middle to tip. In the male, the
penis and the penis sheath are located together to the left
of the extreme right margin of the mantle cavity. In
imposex females, the arrangement of the penis was similar

but differed in the distance between the penis sheath and
the penis. For the female imposex the penis sheath was
located at the edge of the ctenidium at the mantle skirt, at
a distance from the penis. The penis lengths of the females
are smaller compared to the male penis. The longest
pseudopenis was 0.32 cm compared to the normal male of
1. 16 cm. For the morphological description of gonads
using a dissecting microscope. It was observed that males
were characterized by bright orange-red and whitish spot.
A female gonad has a completely yellow in color and has
a huge mass of oocytes, indicating a matured gastropod.
Imposex females gonads has yellow or a mix of yellow
and pale orange.

3.3. Histology of Gonads
Figure 3 shows the histological sections of the female
gonad. It was observed that the female gonads collected
during the sampling period were ripe (A-B) and active
(C-D). Out of the samples subjected for histological
analysis, 80 % undergo the active maturity stage and
the rest of the samples were ripe. For the ripe gonad
(Figure 3A-B), it was covered by the ventral space within
the visceral area. There were no spaces inside and outside
the follicle. Some oogonia and previtellogenic oocyte
were found close to the follicles borders and germinal
epithelium. It was also observed that the ripe female
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gonad structure is compacted. For the active maturity
stage (Figure 3C-D), the oocytes were scattered on the
gonad surface. The follicles become larger with little
amount of connective tissue between follicles.
The mature female, large eggs completely fill the
lumen and a few oogonia are present along the germinal
epithelium [14]. Mature eggs may appear polygonal in
shape instead of being round or ovate, because they are so
large and are competing for space. The collection of
samples was done in the last week of November and the
first week of December 2014. These suggest that the
gonadal maturity on that month is their preparation
for their spawning period. The oocytes size of
C. urceus urceus in female and imposex. The average
sizes of early and active oocytes were 1.4 ±SEM µm and
3.2 ±SEM µm respectively.

Figure 4. Histological sections of male gonads in C. urceus urceus (A- B.
active gonad; C- D ripe gonad;; ge: germinal epithelium; sz: spermatozoa;
tr: trabecula; sz: spermatids)

Figure 3. Histological sections of female gonads in C. ureus ureus.
(A- B. ripe gonad; C- D. active gonad;; ge: germinal epithelium;
oc: oocytes; mo: mature oocytes; tr: trabecula; dg: digestive gland;
ag: alveolar gland)

Figure 4 shows the histological sections of male gonad.
The male gonadal maturity was active (Figure 4B) and
ripe (Figure 4A-C-D). Out of the samples subjected for
histological analysis, 70 % undergo the ripe maturity stage
and the rest of the samples were active. For the active
male gonad (Figure 4B), the spermatogenic stages were
visible, such as the spermatocytes, spermatids and a few
spermatozoa that occur behind and clustered close to the
germinal epithelium. The ripe male gonad (Figure 4A-C-D),
has a highly compressed mature spermatozoa and a thin
walls of gonadal follicles that were scattered in the
follicles center. Also, the gonads increase in size and
the connective tissue virtually disappears. The gonadal
characteristics observed in female and male C. urceus
urceus have the same gonodal maturity, the active and ripe
gonad. The timing of testis and ovary development, and
specifically the existence of mature males when females
are not ripe, may be interpreted as a modality to increase
the reproductive success [20].

Figure 5 shows the histological sections of imposex
gonads in C. urceus urceus. It shows that the imposex
female has spermatozoa and oocytes (Figure 5A-B) and
yolk granules that surround the gonadal follicles. All
(100%) of the histological samples undergo this
characteristics. Spermatid development and seminal
vesicles were observed in the imposex female (Figure 5B).
Several oocytes were observed that surround in the
development of spermatid. However, the imposex oocytes,
the average size is 3.8 ±SEM in which it is almost the
same size in late active oocytes in normal female. Also,
there are imposex oocytes that were observed with the
average size of 1.3 µm that almost the same oocyte size in
the early active oocytes in normal female. Nevertheless,
the number of imposex oocytes is fewer compared to the
normal female. This phenomena causes reproductive
failure and a functional sterility because egg capsules can
no longer be released, and accumulate in the oviduct and
can be seen as an abortive black mass in the walls of the
capsule gland [21]. The ripe gonad distinguished as compact
oocytes in gonadal follicles. In the case of imposex, the
oocytes were scattered in the gonadal follicles in which
that is the characterization of an active gonad. The active
gonad characterized as oocytes were scattered on the
gonad surface. Also, it was noted that the presence of
degenerated ova and yolk granules (Figure 5CD) by large
amount in all samples of imposex. The gonad follicles has
the spermatogonia, spermatocytes and few spermatids.
The presence of yolk granules indicate the when the
lumen is emptied of mature eggs during the copulation
stage, the central lumen contains only a few scattered yolk
granules [14]. Oogonia and small oocytes remain attached
to the germinal epithelium. In the case of imposex the
possibility that the wolfian duct designed to become a
vagina has been blocked and disrupted with the influence
of estrogen thus imposition of male organ occurred. The
development in the gonadal tissue of imposex is called
ovarian speramatogenesis.

Journal of Aquatic Science

5

Surigao del Sur State University- Lianga Campus for the
laboratory facility that was provided.

References
[1]

[2]
[3]
[4]

[5]

Figure 5. Histological sections of imposex gonads in C. ureus ureus.
(A-B. imposex female showing spermatozoa and oocytes; C- D imposex
female showing spermatozoa and yolk granules; ge: germinal epithelium;
sz: spermatozoa; tr: trabecula; sz: spermatids; oc:oocytes; yg: yolk granules)

[6]

The histological section of imposexed female of
Babylonia spirata is the formation of ovo-testes or ovarian
spermatogenesis was observed [21]. This development
causes reproductive failure and a functional sterility
because egg capsules can no longer be released so that
they accumulate in the oviduct and can be seen as an
abortive black mass in imposex through the walls of the
capsule gland. Finally, the oviduct ruptures, and as a
consequence of female sterility and increased mortality,
populations decline and the sex ratio shift in favor of
males [22]. This result was consistent with the previous studies
conducted in Nasipit, Philippines, that imposex was observed
in murcideae species such as Cronia margariticola and
Thais tuberosa [4]. However, C. urceus urceus exhibit
less imposex compared to the other species of gastropods.
In addition, the another factor that can influence the
expression of imposex is age [23]. The species that are
long lived or slower growing may be more likely to have
high levels of TBT and thus exhibit imposex.

[7]

[8]

[9]
[10]

[11]

[12]

[13]

4. Conclusion
The occurence of imposex in Nasipit, Agusan del Norte
of the C. urceus urceus was detected high using imposex
indices, thus, suggesting abnormalities in the population.
This gastropod is very sensitive to marine pollutants,
hence, exhibiting imposex. The analysis of Tributyltin
(TBT) content should be conducted in the tissue of the
gastropods and even on sediments.

[14]

[15]

[16]
[17]

Acknowledgments
[18]

I thanked the Marine Biology students of batch
2014 for the assistance during our field sampling. The

Cob Z. Bujang J., Ghaffar M. & Arshed A. 2005. Diversity and
population structure characteristics of Strombus (Mesogastropod,
Strombidae) in Johor Straits. InAR Sahibin, ed. Natural resource
utilization and environmental preservation: issues and challenge.
Proceeding of the 2nd Regional Symposium on Natural
Environment and Natural Resources, Universiti Kebangsaan
Malaysia 2: 198-205.
Erlambang T, & Siregar Y. 1995. Ecological aspects and marketing of
dog conch Strombus canarium Linne, 1758 at Bintan Island, Sumatra,
Indonesia. Spec. Pub. Phuket Mar. Biol. Cent. 15: 129-131.
Stroben E., Oehlmann J., & Fioroni P. 1992. The morphological
expression of imposex in Hinia reticulata (Gastropoda: Buccinidae):
A potential indicator of tributyltin pollution. Mar Biol 113: 625-636.
Ruaza, F., Boyles L., & Fernandez. E. 2013. Imposex incidence of
Thais tuberosa and Cronia margariticola in Agusan del Norte.
SDSSU Multidisciplinary Research Journal (CHED-JAS B) Vol. 1
No. 2.
Astilla, M., Suan L., & Liao L. 2005. Imposex in Cronia
margariticola (Mollusca, Prosobranchia) as a Potential Marine
Pollution Biomonitor around Mactan Island, Central Philippines,
San Carlos University Phil. Scientist 42: 79: 93.
Ruaza, F., Herrera, M. & Seronay R. 2015. Morphological
polymorphism of Canarium urceus urceus (Linnaues), 1758
(Mollusca: Gastropoda) in marine areas of Caraga Region,
Philippines SDSSU Multidisciplinary Research Journal (CHEDJAS A) Vol. 3.
Bryan GW & Gibbs PE. 1991. Impact of low concentrations
of tributyltin (TBT) on marine organisms: a review. In: Metal
toxicology:concepts and applications, Ann Arbor, Boston,
pp 323-362.
Mensik, B.P., Ten Hallers-Tjabbles, C.C., Kralt, J., Freriks, I.L. &
Boon, J.P. 1996. Assessment of imposex in the Common Whelk,
Buccinum undatum from the Eastern Scheldt, the Netherlands.
Marine Environmental Research, 41, (4), 315-325.
Nias, D. J., McKillup, S. C., & Edyvane K. S. 1993. Imposex in
Lepsiella vinosa from Southern Australia. Marine Pollution
Bulletin, 26, 380-384.
Gibbs, P. & Bryan G. 1996. TBT-Induced Imposex in
Neogastropod Snails: masculinization to mass extinction.” In
Tributyltin: case study of an environmental contaminant (pp. 212236). Cambridge: Cambridge University Press.
Horiguchi, T., Shiraishi, M., Shimizu, & Morita M. 1994. Imposex
and organotin compounds in Thais claigera and Thais. bronni in
Japan. Journal of the Marine Biological Association of the United
Kingdom, 74:651-669.
Berge, J.A & Walday M. 1999. Alternative to the use of TBT as
an antifouling agent on the hull of ships with special reference to
methods not involving leaching of toxic compounds to the water.
Norwegian Institute for Water Research, pp. 1-34.
Huet, M., Fiorini, P., & Stroben, E. 1995. Comparison of imposex
response in three prosobanch species. Hydrobiologia, 309, 29-35.
Mann R., Harding J. & Westcott E. (2006). Occurrence of
imposex and seasonal patterns of gametogenesis in the invading
veined rapa whelk Rapana venosa from Chesapeake Bay, USA.
Marine ecology progress series. Vol. 310: 129-138.
Vasconcelos, P., Moura P., Barroso C. & Gaspar M. 2012.
Reproductive cycle of Bolinus brandaris (Gastropoda: Muricidae)
in the Ria Formosa lagoon (southern Portugal). Aquat Biol, Vol.
16: 69-83.
Gooding,M., Gallardo,C., & Lebalanc,G. 1999. Imposex in three
marine Gastropod species in Chile and potential impact on
Muriciculture. Marine Pollution Bulletin, 38(12), 1227-1231.
Tewari A., Raghumathan, C., Joshi, H., & Khambhaty, Y. 2002.
Imposex of rock whelks Thais and Ocene bra species (Mollusca,
Neogastropoda, Muricidae) from Gujarat Coast. Indian Journal of
Marine Science. 31, (4), 321-328.
Shim, W., Oh J., Kahng S., Shim, J. & Lee, S. 1999. Horizontal
distribution from Tributyltins in the surface sediments from an Enclosed
Bay System, Korea. Environmental Pollution, 106, 351-357.

6

Journal of Aquatic Science

[19] Radwan N., Mohammad S., Mohamed S. & Yaseen A. (2009).

[23] Pandey E., S. & Evans, M. 1996. The Incidence of imposex in

Reproduction and gonad development of gastropod Thais
carinifera in Lake Timsah, Suez Canal, Egypt. Egypt J. Aquat.
Biol. & Fish., Vol. 13, No. 2: 53-6.
[20] Ramón M & Amor MJ. 2002. Reproductive cycle of Bolinus
brandaris and penis and genital duct size variations in a
population affected by imposex. J Mar Biol Assoc UK 82: 435-442.
[21] Afsar N., Siddiqaui G., & Ayub Z. 2012. Imposex in Babylonia spirata
from Pakistan. Indian Journal of Geo Marine Sciences. 41(5).
[22] Hagger J.,Depledge M.,Oehlmann J, Jobling S.,& Galloway T.
2005. Is There a Causal Association between Genotoxicity and the
Imposex Effect?. Environ Health Perspect 114(suppl1): 20-26.

gastropods from Indonesian Coastal Waters. Asian Mar Biol, 13,
53-61.
[24] Bryan GW & Gibbs PE (1993) Impact of low concentrations of
tributyltin (TBT) on marine organisms: a review. In: Metal
toxicology:concepts and applications, Ann Arbor, Boston,
pp 323-362.
[25] De Castro, B., Augusto. C., de Meirelles, O. Pinheiro, J.L., Cascon,
H. M. & Barreira, C.R. 2005. The increasing incidence of imposex
in Stramonita haemastoma (Mollusca: Gastropoda: Muricidae)
Ceará State, Northeast Brazil. Thalassas, 21 (2), 71-75.

© The Author(s) 2019. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

