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Abstract

The reproductive strategies in fish varies widely. However, the majority of them release a large amount
of unfertilized eggs into the water. Simultaneously, the male fish releases a large amount of sperm which
fertilizes some of the released eggs. Mainly, the reproduction methods of the fish can be divided into two
methods. In the first method the female fish releases eggs either on the leaves of the sea plants or on the
seabed. In the second method, the male by using the anal fin as a copulative organ introduces sperm into
the female; therefore, the eggs are fertilized internally. Consequently, the female delivers live fry. The aim
of the present study is to present a review of the reproductive, spawning and sexual strategies in fish.
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Reproductive Strategies

Testes and ovaries are the reproductive organs of fish. In most species these are paired
organs. The testes are smooth and white and account for up to 12% of the mass of the fish.
On the other hand, the ovaries are granular and yellow or orange, accounting for up to 70%
of the fish’s mass. The produced eggs or the sperm are released through the genital papilla a
small fleshy tube behind the anus; the shape of this papilla can be used to determine the sex
of the fish (Figure 1-3) [1]. Fish have two testes of similar size. Many of the features found in
the ovaries of fish are usually common to all vertebrates, including the presence of the tunica
albuginea and the follicular cells. However, the corpus luteum is found only in the mammals.
The eggs of the fish are jelly like and do not have shell: if exposed to the air they will dry out
(Figure 1 & 2). The eggs of cartilaginous fish (elasmobranchs) such as skates, sharks, rays and
chimaeras are fertilized internally and undergo a wide variety of both internal and external
embryonic development [2]. Some cartilaginous fish (rays and sharks) have fins that have
been modified to function as a movable sexual intromittent organs which facilitate internal
fertilization. These organs are called claspers; they are the posterior part of the pelvic fins and
are used to channel the sperm into the female’s cloaca. In the ray finned fish, they are called
gonopodiums or andropodiums (Figure 3 & 4) [3]. According to Thierry Lode reproductive
strategies, based on the development of the zygote and its interrelationship with the
parents, can be classified into five categories: 1. Ovuliparity, 2. Oviparity, 3. Ovo-viviparity, 4.
Histotrophic viviparity, and 5. Hemotrophic viviparity [4].
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Figure 1: Diagram of a fish egg: A. Vitelline membrane B. Chorion C. Yolk D.
Oil globule E. Perivitelline space F. Embryo.
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Figure 2: Organs of a female Atlantic cod: 1. Liver
2. Swim bladder 3. Roe 4. Duodenum 5. Stomach 6.
Intestine.

Figure 3: The male mosquito fish has a characteristic
anal fin which is called gonopodium and function as an
intromittent sexual organ.

Figure 4: A young male spinner shark with
characteristic claspers which function as intromittent
organs.

Ovuliparity

Typical examples of ovuliparous fish are goldfish, salmon,
cichlids, tuna and eels. Female and male fish shed their eggs and
sperm into the surrounding water, and therefore, fertilization takes
place outside the mother’s body [4].

Oviparity

In this type of reproduction, the male fish uses his intromittent
organ (clasper) to deliver the sperm into the female. Therefore,
fertilization occurs internally but the female delivers her embryos

into the water. These embryos are called larvae are very different
in appearance from juvenile and adult specimens and carry a large
yolk sac for their nourishment [4].

Ovo-viviparity
Typical examples of ovo-viviparous fish are angel sharks,
guppies and coelacanths. In this type of fertilisation each embryo

develops in its own egg and receives little or no nourishment from
the mother and relies on the yolk of the egg for its nourishment [4].

Viviparity
Based on the way the offspring receives its nutrients viviparity
is classified into histotrophic and haemotrophic.

a) Histotrophic type (tissue eating). This type is observed
mainly among sharks butis reported also in a few bony fish [4,5].
In particular, grey nurse shark embryos develop by consuming
their smaller and weaker siblings; this phenomenon is called
adelphophagy (adelphos=brother, phagy=eating in Greek).
This has also been reported in Nomorhaphus abrardtii [5]. In
general, embryos of this type develop by obtaining nutrients by
either consuming eggs (oophagy) (oon=egg, in Greek) or their
siblings (zygotes) [4,5].

b) Haemotrophic (blood eating), (haema=blood, in Greek).
Characteristic representatives include the surfperches,
seahorses, lemon shark, split fins and pipefish. Their embryos
develop by obtaining nutrients directly from the parent through
a placenta analogous to mammals [4]. Ichyologists commonly
define ovo-viviparous and viviparous fish as live bearers.

Hermaphrotidism

Fish can be divided to gonochorists and hermaphrodites. The
majority are gonochorists. Hermaphroditism has been reported
in 14 families of teleost fish [6]. Gonochoristic fish are either
male or female and remains that way throughout their lives.
Hermaphrodite fish can switch sex, usually from female to male
(protogynous hermaphrodite) and more rarely from male to
female (protandrous hermaphrodite), [7-9] these fish are called
sequential hermaphrodites. Typical examples of protogynous
hermaphrodite are groupers and wrasses (Figure 5). Another
characteristic of hermaphroditism is that it allows for complex
mating systems. In particular, wrasses exhibit three different
mating systems: polygynous, lek-like, and promiscuous mating
systems; group spawning and pair spawning occur within mating
systems [9]. Anemone fish typical of protandrous hermaphroditism
live monogamously in an anemone, protected by the anemone
stings. The female is typically larger and the male does not need
to compete with other males. If the female dies a young male
anemone fish moves in and the resident male then turns into a
female (Figure 6) [10]. Less commonly fish can be synchronous
hermaphrodites, meaning they possess both ovaries and testicles
and can function as either sex at one time. The black hamlet is
typical of this type [11]. The Kryptolebias marmoratus (mangrove
rivulus) is a typical example of self-fertilization; it produces both
eggs and sperm simultaneously by meiosis and fertilizes itself
when an egg and sperm that it has produced by an internal organ
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unite inside the fish’s body [12]. The individuals produced by this
mode of reproduction can yield highly homozygous lines and are
genetically uniform [13,14]. The capacity for selfing in these fish
provides the benefit of fertilization assurance at each generation.
Further studies are needed to compare the effects of the resulting
inbreeding that leads to expression of deleterious recessive alleles
with the self-fertilization.

Figure 5: Groupers are characteristic representatives of
protogynous hermaphroditism. Grouper changes its sex
to male if no male is available.

Lo

Figure 6: Anemone fish is protandrous hermaphrodite
and live in pairs; if the female dies then a young male
moves into anemone and the resident male changes sex
from male to female..

Sexual parasitism

The most acceptable explanation for sexual parasitism is that
the relative low density of females in deep-sea waters leaves little
opportunity for mate choice. So far, the almost unique representative
of this mode of sexual production is the anglerfish (Figure 7). These
fish are very thinly distributed in deep-sea environments. Therefore,
finding a mate is problematic. Variable methods have been
described by which the male anglerfish locate female mate. Species
with well-developed eyes so by vision and those with developed
nostrils by olfaction [15]. When a male encounters a female, he bites
into her skin, and releases an enzyme that digests the skin of his
mouth and her body, fusing the pair down to blood-vessel level [16].
Thus, the male becomes dependent on the female host for survival

by receiving nutrients through now-shared circulatory system, and
in return provide sperm to the female continuously. They live and
remain reproductively functional as long as the female stays alive
and can take part in multiple spawning’s [15].

Figure 7: Haplophryne mollis, female anglerfish is a
typical representative of sexual parasitism, the picture
demonstrates a female with atrophied males attached.

When scientists first started capturing ceratioid anger fish
they noticed that many “parasites” attached to female; these were
reduced male ceratioid angler fish. This phenomenon indicates that
the angler fish use a polyandrous mating system.

Parthenogenesis

Figure 8: Amazon molly. In this fish, first described
parthenogenesis.

It is defined as a form of sexual reproduction in which
growth and development of embryos occur without fertilization.
Limitations of this mode of reproduction are low genetic diversity
and therefore, increased rate of adverse mutations. A benefit is the
possibility of reproduction without the need for a male [17,18]. The
first case of this type of reproduction was described in the Amazon
molly in 1932 (Figure 8) [17]. It reproduces by gynogenesis. In
this type of parthenogenesis, the eggs are stimulated to develop
simply by the presence of sperm. The sperms do not contribute
any genetic material to offspring [17-21]. It has been confirmed
that bonnethead, hammerhead, zebra and blacktip sharks can be
reproduced parthenogenetically [19-21].

Internal Gametic association

So far, this unique reproductive mode has only been described
in Alcichthys elongates (the Elkhorn fish). The sperm is introduced
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into the ovary. However, actual sperm-egg fusion does not occur
until the eggs have been released into sea [22].

Spawning Strategies

The noun “spawn” means the release or depositing of eggs and
sperm into water by aquatic animals. The verb “to spawn” refers to
the process of releasing eggs and sperm, and the act of both sexes
is called spawning. Most aquatic animals, except aquatic mammals
and reptiles, reproduce through the process of spawning. Balon EK
in 1975 proposed a classification of the spawning behaviour of fish.
This classification is based on how the eggs are fertilized (internal
and external spawners), where the eggs are deposited (pelagic or
benthic spawners), and whether and how the parents look after the
eggs (bearers, guarders and non-guarders) [23].

Non-guarders

In this category are fish that do not protect their eggs and
offspring after spawning.

Open substrate spawners: These fish usually spawn in shoals
without complex rituals, males outnumber the females and the eggs
are scattered into the sea.

Broadcast spawners: This category releases their eggs
and sperm into water for external fertilization and there is no
subsequent parental care [24].

A.  Pelagic spawners: This is a type of broadcast spawner.
They spawn mostly near the surface of the open sea. Typical
examples are pelagic fish (pelagos=open sea in Greek) such as
sardines and tuna. Some demersal fish such parrotfish, coral
reef fish and wrasses leave the bottom to spawn pelagically.
The main characteristic of the eggs of the pelagic spawners is
that they contain oil globules or have high water content as a
result of which they are buoyant and thus, are widely dispersed
by the currents. This means that they can drift into unsuitable
areas or can be eaten by pelagic predators. To compensate for
this the females, spawn large numbers of eggs and extend their
spawning periods [24].

B.  Benthic spawners: (benthos, bathos=depth of the sea in
Greek) these fish spawn their eggs on the bottom of the sea.
Typical representatives of benthic (demersal) fish are the cod
and flatfish. Typically, these fish spawn without sexual rituals.
Usually, each female is followed by several males who fertilize
the spawn as they released. The eggs can adhere to rocks or
plants. Some eggs by absorbing water can be deposited into the
cracks where they swell and wedge themselves in place [23,24].

Benthic spawners can be subdivided into the following three
categories:

a.  Egg scatterers: These are schooling fish which spawn in
groups or pairs. Usually scattering non-adhesive or adhesive
eggs to float to the surface or to fall to the substrate, into plants.

b.  Egg depositors: They deposit eggs on a substrate such as
rocks, plants, wood, and tank glass. Usually, they deposit fewer
eggs compared to egg-scatters. This category can be further

divided into those that care for their eggs, and those that do not.
Representatives of this category are cichlids and some catfish.

c. Cavity spawners: deposit their eggs in a cavity or cave.
These fish form pairs and demonstrate advanced brood care
by cleaning and defending their eggs. Consequently, when the
eggs hatch, the fry are often guarded by the parents. Cyprinidae,
catfish and killifish belong to this category [23,24].

C.  Brood hiders

Typical representatives of this group are the salmon and trout.
The female digs a nest with her tale into the gravel where she lays
her eggs while the male fertilizes them. This nest is called Redd.
The pair defend the Redd if necessary. Subsequently, the female
buries the nest, and the nest site is abandoned. The annual killifish
deposits its eggs in mud. The eggs remain in a dormant stage until
rain stimulates hatching. A remarkable reproductive strategy is
demonstrated by bitterling. The female deposits her eggs between
the gill filaments of mussels. The male then spawns his sperm into
the mussel’s inhalant water current and fertilization takes place
within the gills of the host (Figure 9).

Figure 9: Bitterlings deposit their eggs in live mussels.

Guarders

Parental care, also called brood care characterizes guarder-fish
that care for their eggs and offspring after spawning. This parental
care can be expressed in avariety of ways including, brood-pouch egg
carrying, nest building, fanning, internal gestation, oral brooding,
ectodermal feeding, removal of dead eggs, retrieval of straying
fry, external egg carrying, etc. [23-25]. The offspring are usually
defended by the males. Territorial behaviour is demonstrated by
competition for the best egg-laying sites and consequently, by
defending the site where offspring are being looked after [23-25].

Bearers

These fish carry their offspring either internally or externally
around with them.

External bearers: Mouth brooders carry their eggs or larvae
in their mouth and can be defined as ovophiles or lavrophiles.
Ovophile fish lay their eggs in a pit, which is sucked up into the
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mouth of the female. The eggs then hatch in the mother’s mouth,
and the fry remain there for a period of time. Lavrophiles deposit
their eggs on substrate and guard them until the eggs hatch. After
hatching, the female picks up the fry and keeps them in her mouth
until they are able to care for themselves (Figures 10 & 11) [23,24].

Figure 10: A female cichlid mouth-brooding fry which
can be seen looking out her mouth.

Figure 11: Male seahorse is a pouch brooder.

Internal bearers: Internal bearers are divided further to

facultative (optional) and obligate (by necessity).

Spawning, feeding, and nursery grounds: The readership
will further understand the reproductive and spawning strategies
of fish if they become familiar with the terms spawning, feeding
and nursery grounds. Spawning grounds are defined as the areas of
water where fish spawn their eggs. After spawning the fish may or
may not migrate to new grounds which become its nursery grounds.
Fish which migrate from the sea to a river to spawn their eggs are
called anadromous; a typical representative of this category is
the salmon. The eel migrates from the river to sea to spawn and
is called catadromous. Of note, some fish migrate in a triangle
between spawning, feeding and nursery grounds. These triangular

migrations might be protective for the offspring because when
feeding parents cannot distinguish their own offspring. Typical
example is a stock of herrings that have their spawning ground
in southern Norway, their nursery ground in northern Norway
and their feeding ground in Iceland [26]. Unfortunately, nowadays
the construction of weirs and hydroelectric dams obstruct the
migration of the fish to spawning grounds.

Sexual Strategies

Sexual strategies in fish can be defined into following four basic
mating systems: monogamy, polygyny, polyandry, and polygynandry.

Monogamy or pair spawning

Monogamy or pair spawning, occurs when one female mates
with one male exclusively [27]. Usually, conditions such as, low
likelihood to find another potential male, small feeding and breeding
grounds promote monogamy [27,28]; fishes that both sexes care
for the offspring are monogamous and fiercely defend their young
against predators, typical representatives are the tropical cichlids
[27,28].In the pipefishes and seahorses, the close timing of hatching
the eggs in the brood pouch of a male and the maturation of a new
batch of eggs by the female promotes monogamy [27,28].

Polygyny

Polygyny occurs when one male is mating with multiple females
and usually defends them from other males [27]. In polygyny,
females choose large male capable to defend the breeding site.
Another interesting method that used by females to choose the
male that they want to be their mate is the method of leks. Leks are
called the places where many fish come together where the males
display to each other. Based on these displays each female has
the possibility to choose mate partner [27,28]. During the mating
period, in Lake Malawi, the cichlid Cyrtocara eucinostomous males
display together on a lek four kilometres long; then the females,
which are mouth brooders, can select which male they want to
fertilize their eggs [29].

Polyandry

Polyandry occurs when one female is mating with multiple
males. Usually, it occurs in pipefishes when males do the brooding
but are not able to manage all the eggs; then the female chooses
another male to deposit the eggs [7]. Another characteristic
representative is the deep-sea anglerfish. When the male finds
a female it bites into her skin, then by releasing an enzyme that
digests the skin fusing down to the blood-vessel level. Consequently,
his digestive system, heart, brain, and eyes atrophy completely
and at the end remains of him nothing more than a pair of gonads,
which release sperm in response to hormones in the female’s blood
indicating egg release [30].

Polygynandry

Polygynandry when multiple females mate
indiscriminately with multiple males. This approach most
commonly used by spawning fishes and most probably is the
“original fish mating system”. Common representatives are forage

fish such as herrings [7].

occurs
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Discussion

Although, the reproductive methods of fish are divided
into two principal methods. In particular, the external more
common and characteristic for most of fish reproduction and the
less common the internal. On the other hand, the reproductive
strategies as proposed by Thierry Lode can be classified into five
categories. Namely, 1. Ovuliparity, 2. Oviparity, 3. Ovo-viviparity,
4. Histotrophic viviparity, and 5. Hemotrophic viviparity [4]. Ovo-
viviparous and viviparous are commonly defined by Ichthyologists
as live bearers. The majority of fish are gonochorists. So far, only 14
families of teleost fish have been reported as hermaphrodite [6].
Hermaphroditism allows complex mating systems such as lek-like,
polygynous and promiscuous. Physical and social changes usually,
trigger the sex change in hermaphrodites [7-9]. Usually, spawning
strategies are categorised according to classification proposed by
Baron EK [23].

In particular, firstly, they classified as internal and external
spawners based on how the eggs are fertilised, secondly, as pelagic
and benthic spawners depending where the eggs are deposited and
thirdly, as bearers, guarders and non-guarders based on how the
parents cared for the fertilised eggs [23,31]. Sexual strategies are
divided into four mating systems: monogamy, polygyny, polyandry
and polygynandry. Usually, when breeding and feeding grounds
are small and when is difficult to find partners monogamy occurs
[32]. On the other hand. In polygyny the large male that successfully
defend prime breeding sites and females from other males became
attractive to females and consequently, mates with many of them
[32]. Interestingly, when a single fish cannot brood all the eggs that
the female produces then the eggs are deposit in more than one
male this phenomenon is called polyandry and is common in pipe
fish [7].

Conclusion

Interesting questions that should be addressed by future
studies will be the following what is the success rate of the external
fertilization in different fishes in a variable environment and how
climate change may impact on it. Taking into account that internal
fertilization relays on hormones, mating rituals and behavioural
factors it will be interesting to study whether pollution, climate
change and overfishing impact on fish production. Moreover,
further investigation needed about ecological advantages of
hermaphroditism. In addition, special attention should be given on
the impact of fishing pressure on protogynous hermaphroditism.
Further understanding of reproductive strategies may help in more
effective fish farming. Usually, monosex farming helps to achieve
uniformity of fish size during harvesting and better market price.

Glossary

a) Adelphophagy: Adelphos: brother, -phagy: denoting the
practice of eating a specified food.

b) Andropodium or Gonopodium: Anir, andras: male
in Greek, -podium: modified extremity as an anal fin used as
copulative organ.

c) Benthos: The flora and fauna found on the bottom, or in
the bottom sediments of a sea or lake, from Greek benthos (the
depths of the sea).

d) Elasmobranch: Any of a subclass of cartilaginous fishes
that have five to seven lateral to ventral gill openings on each
side and that comprise the sharks, rays, and skates

e) Gonochorist: Separate sex. In biology, gonochorism
is a sexual system where there are only two sexes and each
individual organism is either male or female.

f) Gynogenesis: Gynogenesis is a process in which the
embryo genome originates exclusively from female origin,
following embryogenesis stimulation by a male gamete. In
contrast, androgenesis is the development of embryos that
contain only the male nuclear genetic background.

g) Haemotrophic: (Blood eating) haema: blood, trophy:
food in Greek.

h) Hermaphrodite: The term “hermaphrodite” is derived
from the Greek mythological God “Hermaphroditos” son of
Hermes and Aphrodite, whose body after being merged with
nymph Salmakis assumed a form with both male and female
attributes.

i)  Histotrophic: (Tissue eating) Histos: tissue

j)  Monogamous: Monogamy derives from the Greek monos
(alone) and gamos (marriage).

k) Parthenogenesis: Reproduction from an ovum without
fertilization.

1)  Pelagic: Relating to open sea, pelagos: open sea in Greek.
m) Protandrous: First male.

n) Protogynous: First female.

o) Vitellus: Yolk.

p) Zygote: From Greek zygotos “yoked”- joining two things
together. The diploid cell resulting from the union of a haploid
spermatozoon and ovum.
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