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Fig. 2. A, B. MRI images of transverse sections of a male grunion at two positions along the body in
the region containing the urogenital papilla (p), with A more anterior than B. Scale bar in A also applies
to B. In A, the urinary duct (u) is separate from the urogenital papilla, which contains the sperm duct (sd),
whereas in B the urinary duct (u) is within the urogenital papilla, which is dorsal to the intestine (i); v =
vertebra, t = testis; the dark areas (*) are an artifact of the MRI scan due to the presence of the gas bladder.
C. MRI images of transverse sections of female grunion at a position similar to A, with the ovary containing
oocytes (o) and oviduct (ov) dorsal to the intestine (i). D. Transverse histological section of a male in the
region corresponding to A, stained with hematoxylin and eosin. Gas bladder (g), slow-oxidative (rm) and
fast-oxidative (wm) locomotor muscle are indicated. E. Higher magnification of the boxed area in D with
the urinary duct dorsal to the papilla containing the sperm duct (s), which is dorsal to the intestine (i); m =
skeletal muscle of the body wall. F. Urogenital papilla in the region of the body near that shown in B, with
the urinary duct within the urogenital papilla, and the intestine ending at the anal opening (an); t = paired
testes.

oocytes pass as they are deposited in the sand and then fertilized by males during beach
spawning. During oviposition, individual females are partially buried in wet sand and are
surrounded by multiple males at the sand surface (Thompson 1919; Walker 1952; per-
sonal observations). Based on genetic analysis of egg clutches in the sand, which contain
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Fig. 3. A. Lateral view of the midbody region of a female California grunion. Arrow points to the
genital opening through which oocytes are released, with no protruding structure evident. In A and B,
anterior of fish is to the left. B. MRI image of a longitudinal section of a female grunion, showing part of
the ovary containing oocytes (o), the oviduct (ov), the distal intestine (i) and the anus (an). The dark area
indicated by * is an artifact of the MRI scan in the region containing the gas bladder. C. MRI image of
female sagittal section showing the ovary (o) and an oocyte in the oviduct (ov). In C-F, the top of the image
is anterior in the fish. D. Histological sagittal section similar to C, stained with hematoxylin and eosin,
showing oocytes (o) within the ovary wall (w), a section through the oviduct (box magnified in E), and the
surrounding body musculature (m). E. Higher magnification of the boxed area in D, showing the ovary wall
(w) and oviduct (ov) wall which contains smooth but not striated muscle. F. Sagittal section of the male
genital papilla in a similar position as in the female in E. Scale bar in F also applies to E.

approximately 1000-3000 eggs (Walker 1952; Martin and Carter 2013), up to nine males
may fertilize the eggs of one female (Byrne and Avise 2009). There is, therefore, some de-
gree of sperm competition in this species, and we propose that the urogenital papilla allows
males to release sperm in a more directed, high-pressure stream to increase the chances of
successful fertilization of eggs that a female has deposited in the sand.

Genital and urogenital papillae have been described in numerous fish species, includ-
ing other members of the Series Atherinomorpha and Order Atheriniformes, of which
the California grunion is a member (Dyer and Chernoff 1986; Parenti 2005; Evans and
Meisner 2009; Fishelson et al. 2013). In many of these other atherinid fishes, including
members of the genus Labidesthes, the only other member of the Family Atherinopsidae
in which a male urogenital papilla has been described, the papilla is used as an intromittent
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Fig. 4. A. Longitudinal section of whole isolated urogenital papilla and a section of the intestine (i)
near the anus, stained with hematoxylin and eosin. Anterior of fish is to the left. The sperm duct (sd) is
surrounded by layers of smooth muscle (sm) and striated skeletal muscle (m). B. Higher magnification of
part of the sperm duct, showing sperm (s) within the lumen. C. Higher magnification of the black boxed
area in A, showing striated skeletal muscle fibers within the urogenital papilla wall.

organ for internal fertilization (Grier et al. 1990; Werneke and Armbruster 2015). In sev-
eral teleost species, females have a genital papilla that is used as an ovipositor to release
oocytes that are then fertilized externally. There are numerous other teleost species in which
males release sperm via a urogenital papilla to fertilize eggs externally, including many go-
bies and blennies (e.g., Har 2000; Ferreira et al. 2010; Fishelson et al. 2013). In the cichlid
Herichthys minckleyi, “sneaker” males use the urogenital papilla to externally fertilize eggs
while another male and female are involved in courtship and oviposition (Oldfield et al.
2015). Rasotto and Shapiro (1998) described the urogenital papilla in males of the blue-
head wrasse, Thalassoma bifasciatum (Bloch, 1791), which is histologically similar to that
of the California grunion and is used in external fertilization during group spawning in
this coral-reef sequential hermaphrodite. Rasotto and Shapiro (1998) proposed that the
muscular urogenital papilla of male bluehead wrasse allows control of sperm release for
multiple, sequential spawning events in a given day. It is possible that the urogenital papilla
in the California grunion serves a similar function by limiting sperm release so that males
can return to the beach and spawn on the same night or on sequential nights of a spring
tide series. If males but not females spawn multiple times during a tide series, this behav-
ior may explain the male-biased sex ratio reported in California grunion samples collected
during a given night’s spawning event (Thompson 1919; Walker 1949; Santos et al. 2018)
and increase a male’s chances to fertilize the eggs of more than one female.

To our knowledge, the present study is the first description of a sexually dimorphic char-
acteristic, the urogenital papilla, that can be used to distinguish male and female California
grunion externally, and the first study to apply MRI to characterize the three-dimensional
structure of a urogenital papilla in any fish species.
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