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Abstract

The traditional view of iteroparity in fishes is one of an annual reproductive cycle that culminates each year in
spawning. More recently, a more flexible view of fish reproduction has been adopted, including the potential for
mature fish to skip spawning. Here, we review the abundance of recent research on skipped spawning, covering a
broad range of fishes with diverse life history strategies. Evidence for skipped spawning has been collected by use of
traditional histological techniques as well as modern technological advances, such as satellite tags and the ability to
track fish movements based on elemental and isotope signatures. Skipped spawning is most commonly attributed to
deficient diet and poor nutritional condition. Advances made in this field of study in recent years include descriptions
of hormonal changes that precede and perhaps initiate skipped spawning, the development of life history models that
incorporate the potential for skipped spawning, and estimates of the degree to which skipped spawning influences
the reproductive potential of fish populations. In addition to summarizing this new research, we attempt to advance
current knowledge by (1) providing the first review discussion of skipped spawning in males, (2) exploring skipped
spawning in anadromous fishes by using the Atlantic salmon Salmo salar as an example, and (3) discussing the
potential for and difficulties in identifying skipped spawning in species with indeterminate fecundity.

Surveys of fish populations are conducted to assess current
population status as well as to collect biological information
that might be used to make predictions about future popula-
tion trends. An integral component of most fisheries surveys is
to determine the reproductive status of a representative portion
of individuals from that population (Tomkiewicz et al. 2003a).
Such information can be used to understand aspects of the re-
productive cycle, including where and when fish spawn and the
size and age at which individuals become sexually mature, all
of which are important to the reproductive potential of a popu-
lation.

The reproductive status of individual fish as determined dur-
ing research vessel surveys is generally based on the macro-
scopic appearance of the gonads. Although macroscopic ma-
turity scales are seldom 100% accurate, they can be employed
quickly and allow large numbers of fish to be processed. The
goal of such monitoring research is to ascertain a population’s
“normal” or typical reproductive characteristics (rather than the
entire scope of reproductive plasticity within the population) for
application in fish stock assessment, and so the processing of
large numbers of samples might effectively nullify infrequent
errors in maturity classification.
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FIGURE 1.

Examples of “abnormal” histological observations on fish gonads: (a) sterile Atlantic cod Gadus morhua ovary with no oocytes; (b) intersex gonad

of eelpout Zoarces viviparus with oocytes interspersed throughout spermatogenic cell stages; (¢) Atlantic cod ovary with follicular cysts (C); (d) Atlantic herring
Clupea harengus testis with adipose tissue (A); (e) ovary of a Greenland halibut Reinhardtius hippoglossoides with protozoan parasite (P) infection; and (f) ovary

of an Atlantic cod that skipped spawning due to mass atresia of oocytes.

Needless to say, however, not all individuals within a popula-
tion conform to the normal reproductive development schedule,
and some may have gonads that would be considered abnor-
mal in relation to other individuals or populations. Observations
on fish gonads that have typically been considered abnormal
(Figure 1) include sterility (Rideout and Burton 2000a), in-
tersex (Schwindt et al. 2009), the presence of follicular cysts
(Tomkiewicz et al. 2003b), development of adipose tissue within
the testes (Tomkiewicz et al. 2002), parasitic infections that in-
terfere with gamete production (Ruehl-Fehlert et al. 2005), and
gonads of sexually mature fish that skip a spawning season
(Rideout et al. 2005). Because most of these conditions are not
specified in standard maturity scales or are only identifiable by
histology, they tend to be overlooked. Hence, no consideration
has been given to their true frequency, how they fit in with
fish life history strategies, and how they affect individual and
population reproductive capacity.

Egg production in fishes is an energetically demanding pro-
cess that must be balanced with the energetic requirements of
other life processes (growth, maintenance, etc.). It is very com-
mon for fish with determinate fecundity to be initially “op-
timistic” when it comes to egg production, recruiting more
oocytes into vitellogenesis than will ultimately be spawned
(Kjesbu 2009). This downregulation of fecundity occurs via
the atretic breakdown of vitellogenic oocytes and allows fish to
adjust the number of eggs produced in relation to the amount
of available stored energy (Kennedy et al. 2008). Emerging
research suggests that another potential plastic response of
fishes to low levels of stored energy or unsuitable environmen-
tal conditions is to forego egg production until the subsequent

year—commonly referred to as “skipped spawning.” The objec-
tive of the current manuscript is to present skipped spawning as a
widespread phenomenon among fishes and an adaptive trait that
can lead to increased lifetime reproductive output rather than as
an abnormal occurrence brought on only by extreme and unusual
environmental and physiological conditions. Although skipped
spawning is almost certainly a rarer means of regulating indi-
vidual fish reproductive investment than is the downregulation
of fecundity via atresia, it has nevertheless been demonstrated
to be widespread among fishes (Rideout et al. 2005). We em-
phasize that our intent is not to thoroughly review all aspects
of flexibility in reproductive investment and output in fishes
but rather to concentrate on skipped spawning, as our under-
standing of this phenomenon is relatively poor but continually
evolving.

The approach here is to build on a previous review of skipped
spawning by Rideout et al. (2005), who summarized decades of
sporadic evidence for skipped spawning and provided guide-
lines for identifying skipped spawning with the objective of bet-
ter understanding its frequency in wild fish populations. Since
that time, the concept of skipped spawning in fishes has be-
come somewhat of a hot topic. Here, we extend the work of
Rideout et al. (2005) to summarize this new research. We also
expand on the 2005 review by looking at (1) evidence for skipped
spawning among males and (2) the identification of skipped
spawning via scale analysis in anadromous species, with the
Atlantic salmon Salmo salar used as an example. In addition,
because skipped spawning has been described as a phenomenon
that primarily affects fishes with determinate fecundity, we also
discuss the potential for skipped spawning among fishes with
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indeterminate fecundity as well as the difficulties in identifying
skipped spawning in fishes with this pattern of oocyte devel-
opment. Taken together, the Rideout et al. (2005) paper and
the present paper provide an in-depth summary of the history,
evolution, and current state of knowledge pertaining to skipped
spawning in fishes.

TERMINOLOGY

The terminology used here corresponds to that used by Ride-
out et al. (2005). Briefly, maturation is considered to occur only
once in an individual’s life such that immature fish have never
spawned, whereas mature fish have spawned at least once pre-
viously. With respect to skipped spawning, a fish is considered
immature until it actually spawns (i.e., a fish developing their
gonads for the first time is considered to be maturing). When
a mature fish fails to spawn in a given year, it is said to have
skipped spawning. Other terminologies are per standard papers
on reproductive development (Wallace and Selman 1981; Tyler
and Sumpter 1996).

Here, we consider skipped spawning to refer only to inter-
ruptions in the normal reproductive cycle that do not interfere
with subsequent spawning. Skipped spawning has been stud-
ied in the most detail for coldwater fish species; most of these
fishes have an annual reproductive cycle, so skipped spawning
refers to a failure to spawn in a given year that does not interfere
with the ability to spawn in subsequent years. Three general
forms of skipped spawning have been described (Rideout et al.
2005): retaining, reabsorbing, and resting. Retaining nonrepro-
ductive fish are mature individuals that produce fully developed
gametes that are never released. Reabsorbing nonreproductive
fish are mature individuals in which oocyte development be-
gins but is interrupted before vitellogenesis is complete, and all
developing oocytes are subsequently reabsorbed via follicular
atresia. Resting nonreproductive fish are mature fish (i.e., that
have spawned previously) that do not produce secondary growth
oocytes, instead maintaining all oocytes in various stages of pri-
mary growth throughout the year. This classification scheme has
been useful in promoting the study of skipped spawning in var-
ious fishes but may not adequately encompass all scenarios of
skipped spawning and all fecundity types. For example, under
the current scheme, no distinction is made between fish with
determinate fecundity that are reabsorbing endogenous vitel-
logenic oocytes (i.e., cortical alveoli oocytes) versus exogenous
vitellogenic oocytes, despite the fact that these two stages of
oocyte growth are under different regulatory control and indi-
cate something quite different in terms of a fish’s reproductive
status. This shortcoming is reflected in the fact that Skjeraasen
etal. (2009) observed Atlantic cod that were reabsorbing oocytes
at the cortical alveoli stage of development and referred to these
fish as “resting—early reabsorbing” since there was no clear fit
within the current categories. However, the terminology sug-
gested by Skjeraasen et al. (2009) might be considered some-
what ambiguous since it actually combines categories rather
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FIGURE 2. Schematic representation of various aspects of the reproductive
cycle of a determinate-spawning fish, including (1) sequential stages of oocyte
and follicular development (inner circle; POF = postovulatory follicle); (2)
sequential stages of ovarian development (i.e., reproductive status; yellow circle;
Endog. Vit. = endogenous vitellogenesis); and (3) forms of skipped spawning
based on when oocyte or ovarian development is interrupted (outer circle; CA
= cortical alveoli oocytes; Vtg = vitellogenic oocytes).

than establishing a new one. Here, we propose alternative ter-
minology based on dividing reabsorbing into the resorption of
cortical alveoli oocytes (reabsorbing-CA in Figure 2) and the re-
sorption of true vitellogenic oocytes (reabsorbing-Vtg in Figure
2). Terminologies will probably continue to evolve as this area
of research develops further. For example, formation of cortical
alveoli is usually considered an indicator that fish are developing
for the upcoming spawning season (Wallace and Selman 1981;
Saborido-Rey 1997). However, there are also indications that
oocytes can remain “inactive” at the cortical alveoli stage for
an extended period of time, even years (e.g., Gunnarsson et al.
2006), perhaps suggesting that in some species “resting” can oc-
cur with oocytes that are more advanced than the perinucleolar
stage.

Atretic follicles in fishes are thought to be short lived (Hunter
and Macewicz 1985; Kjesbu et al. 1991; Kurita et al. 2003), and
therefore the standing stock of atretic follicles in the ovary at any
point in time may be small in comparison with the total number
of follicles that are reabsorbed over an extended period. Due
to the turnover rate, a relatively high intensity of atresia (rather
than simultaneous atresia of all developing oocytes) may be
sufficient to classify a female as exhibiting skipped spawning.
For example, Hunter et al. (1992) considered Dover sole Mi-
crostomus pacificus with major atresia (>50%) to be reproduc-
tively “inactive” despite the fact that the ovaries still contained
some advanced yolked oocytes. A note of caution should be
exercised here since the cut-off criterion for classifying fish as
demonstrating skipped spawning is somewhat subjective. Also,
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anecessary assumption is that atresia will continue at a rate that
will eventually lead to the resorption of all secondary growth
oocytes.

At this point, it should be noted that the definitions pre-
sented here have been developed primarily for species with
determinate fecundity and that high levels of atresia and per-
haps other histological indicators of reproductive status can be
interpreted quite differently for fishes with indeterminate fe-
cundity (discussed in a later section). The distinction between
determinate and indeterminate fecundity is based on whether or
not the recruitment of oocytes to secondary growth stops prior
to spawning (determinate) or continues even after spawning has
commenced (indeterminate) and, hence, is based on whether
or not a hiatus in the oocyte frequency distribution develops
prior to spawning (Murua and Saborido-Rey 2003). Although
the terms “determinate fecundity” and “indeterminate fecun-
dity” are well entrenched in the fisheries literature, there is also
a common perception that the term “indeterminate fecundity”
is tautological in nature and that we should instead focus on
oocyte development patterns, such as synchronous, group syn-
chronous, and asynchronous, with the latter corresponding to
what has commonly been called indeterminate. According to
Murua and Saborido-Rey (2003), however, species with asyn-
chronous oocyte development can also demonstrate determinate
fecundity. Given that asynchronous oocyte development and in-
determinate fecundity are not exactly equivalent and since our
objective here is to distinguish between species with continuous
versus discontinuous oocyte recruitment (Pavlov et al. 2009), we
chose to stick with the traditional terms of determinate fecundity
and indeterminate fecundity. A strong bias in the availability of
skipped spawning data results in discussions being skewed to-
ward determinate species, but in a later section we will also
attempt to address questions relating to skipped spawning in
species with indeterminate fecundity.

The ability to halt gamete development and undergo mass
atresia is not exclusive to mature fish and has been noted
previously in immature individuals (e.g., Ramsay and Wit-
thames 1996). By strict definition (see above), this is not
considered skipped spawning. Ramsay and Witthames (1996)
referred to this as “abortive maturation.” However, from a fish-
eries science perspective, this might be considered an artifi-
cial distinction since in both cases there is the potential for
nonspawning individuals to be considered part of the spawn-
ing stock biomass (SSB; i.e., mistakenly identified as future
spawners based on the fact that they started to develop). In
accordance with this, Rideout and Rose (2006) did not dis-
tinguish between reabsorbing nonreproductive adults and im-
mature individuals undergoing abortive maturation in their
examination of how a failure to recognize mass oocyte atre-
sia would affect the perceived population total egg production
for an inshore group of Atlantic cod in the northwestern At-
lantic Ocean. Such considerations led Secor (2008) to define
skipped spawning in a more applied context as the investiga-
tors’ misspecification of reproductive rates, a definition that
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would include abortive maturation and anything else that would
cause nonspawners to be erroneously considered part of the
SSB.

RECENT RESEARCH ON SKIPPED SPAWNING

Historic research (defined here as pre-2005) pertaining to
skipped spawning in fishes has concentrated heavily on deter-
mining (1) whether or not individuals were skipping spawn-
ing and what proportion of the population was skipping and
(2) what was causing individuals to skip spawning. “Who
skips and why” continues to be a major emphasis of this
line of research, and new techniques and technologies are be-
ing used to confirm skipped spawning in an ever-broadening
range of fish species. With cumulative evidence suggesting
that this is a widespread phenomenon in fishes (Rideout et al.
2005), recent research (2005 to present) has started to examine
the underlying physiological mechanisms that control skipped
spawning, the role that skipped spawning plays in life history
models, and the significance of skipped spawning to fisheries
science.

Who Skips and Why?

The majority of papers cited by Rideout et al. (2005) were
of the variety that (1) identified large fish that were not de-
veloping secondary growth oocytes and (2) assumed or sub-
sequently determined that these fish were skipping spawning.
Such research continues to be important in terms of identify-
ing the range of species that appear to have the reproductive
flexibility to skip spawning as well as the extent of skipped
spawning within a species. Recent research has produced ev-
idence for skipped spawning in species with determinate and
indeterminate fecundity and in sequential hermaphrodites. The
species studied include the bluefin tuna Thunnus thynnus (Zupa
et al. 2009), barramundi perch Lates calcarifer (Milton and
Chenery 2005), black scabbardfish Aphanopus carbo (Neves
et al. 2009), Pacific halibut Hippoglossus stenolepis (Loher and
Seitz 2008), Atlantic herring Clupea harengus (Engelhard and
Heino 2006; Kennedy et al. 2010), European horse mackerel
Trachurus trachurus (Ndjaula et al. 2009), bull trout Salvelinus
confluentus (Johnston and Post 2009), white crappie Pomoxis
annularis (Bunnell et al. 2007), and redthroat emperor Lethri-
nus miniatus (Williams et al. 2006). There have also been ad-
ditional reports of skipped spawning by species for which the
phenomenon was previously documented, including Atlantic
cod (Mukhin et al. 2006; Rideout and Rose 2006; Rideout
et al. 2006; Skjeraasen et al. 2009), winter flounder Pseudo-
pleuronectes americanus (Wuenschel et al. 2009), and striped
bass Morone saxatilis (Secor and Piccoli 2007).

The shortage of historical data related to skipped spawning
may be partially attributable to the difficulty in identifying the
condition. Rideout et al. (2005) suggested methods for iden-
tifying skipped spawning, including the potential to track fish
movements based on conventional tagging. Such an approach
may work for anadromous species that can be corralled through
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a single migration point but not for marine fish, which have
migration routes that are not as well defined and cannot be con-
trolled. However, advancements in tagging technology are over-
coming the limitations of conventional tagging, and data are be-
ing obtained that support the idea of skipped spawning. For
example, Loher and Seitz (2008) used pop-up archival trans-
mitting tags to track the movements and reproductive activ-
ity of adult-sized Pacific halibut. Females that migrated to the
continental slope and underwent abrupt midwater ascents were
thought to be spawning. However, a number of mature fish did
not take part in spawning—these fish either failed to make the
offshore spawning migration (~10%) or did migrate but did
not exhibit the vertical movements (10-15%). Likewise, data
storage tags have been used to show that some adult Atlantic
cod in Baltic Sea populations skip spawning and do not migrate
to the Bornholm Basin spawning area (Hiissy et al. 2009). Con-
tinued development and use of tagging technology could help to
further increase our understanding of potential fish movements
in relation to reproductive status.

In addition to the use of man-made tags, advancements have
also been made in our understanding of otolith and scale for-
mation and the amount of information that can be extracted
from those bony structures. For example, gonadal development
in Atlantic herring is marked by reduced growth and thus the
formation of very narrow circuli on scales. Engelhard and Heino
(2005) used this information to determine that Atlantic herring
that were about to spawn for the second time (i.e., in the year
after maturation) were strongly underrepresented on the spawn-
ing grounds and were likely to have skipped spawning. The
high incidence of skipped spawning was in particular related to
the size and condition of Atlantic herring as first-time spawners
and the time needed to recover energetically (Engelhard and
Heino 2006). However, in experiments with Atlantic herring,
Kennedy et al. (2010) found no evidence to support the idea
that a high proportion of potential second-time spawners were
skipping spawning. Kennedy et al. (2010) did observe skipped
spawning in a small number of individuals characterized as be-
ing in very poor condition, but those authors suggested that
such condition levels were seldom observed in the wild. Ad-
vances have also been made in our understanding of otolith
chemistry and the ability to use elemental signatures as natural
tags to understand fish movements and ecology. For example,
87Sr:36Sr and Sr:Ca ratios in the otoliths of catadromous bar-
ramundi perch in Papua New Guinea demonstrated that most
adults do not migrate annually to spawn along the coast and that
a large proportion of sampled fish had never migrated back to
the coast (Milton and Chenery 2005). In fact, fish sampled on
the spawning grounds were mostly marine residents, and some
had spent only short periods in the rivers adjacent to the spawn-
ing grounds. Secor and Piccoli (2007) also used otolith Sr:Ca
ratios to examine migration patterns of anadromous striped bass
and concluded that while most fish spawned annually, a small
proportion of individuals demonstrated evidence of skipped
spawning.

RIDEOUT AND TOMKIEWICZ

Skipped spawning has primarily been linked with poor feed-
ing conditions and insufficient energy accumulation (reviewed
by Rideout et al. 2005). New research continues to support
this generalization. For example, recent research on Atlantic
cod indicates that skipped spawning is linked to poor condition
(limited liver energy storage; Rideout and Rose 2006; Ride-
out et al. 2006; Skjeraasen et al. 2009). The same suggestion
has been made for black scabbardfish (Neves et al. 2009). In
a study by Bunnell et al. (2007), a small proportion of white
crappie females that were starved or given intermediate rations
failed to produce vitellogenic oocytes, whereas no females that
were given the high rations failed to develop. Additional tools
for examining diet and condition are now available for use in
exploring aspects of reproductive biology. For example, Ride-
out and Rose (2006) demonstrated based on white muscle 5C'3
signatures that medium-sized Atlantic cod feeding on capelin
Mallotus villosus were less likely to skip spawning than indi-
viduals that were feeding on shrimp. Despite the strong links
with condition, there continue to be populations of fish that skip
spawning due to unknown causes (e.g., Milton and Chenery
2005).

Underlying Physiological Mechanisms

The biochemical pathways controlling oocyte development
have generally been well documented in fishes. For example,
173-estradiol is known to control the hepatic synthesis of vitel-
logenin and its subsequent uptake by growing oocytes (Tyler and
Sumpter 1996). With the realization that fish can halt and reverse
oocyte development (i.e., atresia) and can thereby skip spawn-
ing, research effort is now being directed at understanding the
pathways by which this is facilitated. For example, Skjeraasen
et al. (2009) monitored the production of reproductive hormones
in captive Atlantic cod (northeastern Arctic stock) and found that
hormonal differences leading to skipped spawning were identi-
fiable during the early stages of secondary oocyte growth (i.e.,
several months before spawning). Up until early November,
oocyte development and hormone levels appeared to be simi-
lar for all females. In November, there was a clear increase in
173-estradiol in fish that would later successfully spawn during
the spawning season, whereas levels in females that ultimately
skipped spawning in that season actually decreased. In fish with
high hormone levels, oocytes proceeded normally through the
cortical alveoli and vitellogenic stages of development; in con-
trast, fish with low or reduced hormone levels tended to halt
development during the early cortical alveoli stage and to sub-
sequently reabsorb those oocytes via follicular atresia.

Mukhin et al. (2006) compared ovarian protein levels and
proteinase activity from resting and reabsorbing nonreproduc-
tive Atlantic cod with those of immature and developing Atlantic
cod collected from the Barents Sea. Females with healthy vitel-
logenic oocytes had the highest levels of water-soluble proteins,
which tended to be of high molecular mass (100-130 kDa). In
contrast, ovaries undergoing mass atresia were clearly actively
breaking down the oocyte cellular components, as evidenced by
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(1) low levels of water-soluble proteins, which tended to be of
low molecular mass (13-30 kDa), and (2) maximum activity of
lysosomal and cytoplasmic proteolytic enzymes.

Life History Models

Although links have been made between skipped spawning
and fish nutritional status and although some authors have spec-
ulated as to the role of skipped spawning in the life history of
fishes, Jgrgensen et al. (2006) were the first to incorporate the po-
tential for skipped spawning into any sort of formal life history
model. The Jgrgensen et al. (2006) model was based on optimal
allocation rules between growth and energy stores and included
a consideration of fish age, amount of stored energy, fish length,
and food availability. For each combination of age and state, the
optimal strategy was one that used an allocation rule (including
the decision of whether or not to spawn) that maximized fu-
ture expected egg production discounted by survival probability.
The model predicted that skipped spawning in Northeast Arctic
(NEA) Atlantic cod was a regular phenomenon, exhibited by up
to 30% of the sexually mature biomass. The model suggested
that skipped spawning was most common early in life, particu-
larly in the year after spawning for the first time. The Jgrgensen
et al. (2006) model also suggested that skipped spawning was
common in years when natural mortality was low and when
the energetic and mortality costs associated with migration and
spawning were high. In line with empirical work, the model
concluded that when food availability decreased, the occurrence
of skipped spawning among NEA Atlantic cod increased due
to insufficient energy to support gonad development. However,
the model suggested that skipped spawning also becomes more
common when food availability increases; this strategy would
allow individuals to take advantage of opportunities for growth
and the future impact that increased body size will have on ga-
mete production. To our knowledge, there are no empirical data
supporting the idea of an increase in skipped spawning with
increased food availability.

An alternative life history model developed by Fischer et al.
(2009) also predicts an increase in the probability of skipped
spawning (reproductive investment = 0) as energy availability
declines. However, this model suggests that at very low energy
levels, all available resources would be invested in gamete pro-
duction, which the authors referred to as “terminal investment.”
The Fischer et al. (2009) model lacks the realistic nature of the
Jgrgensen et al. (2006) model since it applies only to strict in-
come breeders and does not account for growth or the tradeoff
between growth and reproduction.

Significance to Fisheries Science

The degree of variability and plasticity in the reproductive bi-
ology of fishes is enormous and cannot—indeed, should not—be
incorporated in its entirety into population models and resource
assessments. However, the reproductive potential of a popula-
tion is an important component of population productivity, so
any variation in reproductive biology that is common enough to
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influence stock reproductive potential may have an influence on
population dynamics and resource management. For example,
the cumulative biomass of all sexually mature individuals within
a population (i.e., SSB) has traditionally been used as an index
of reproductive potential that is independent of fecundity type
and for assessing population status relative to biological refer-
ence points. Failure to account for the proportion of these fish
that are actually skipping spawning could result in an overesti-
mation of SSB and ineffective management advice. Jager et al.
(2008) suggested that including realistic estimates of spawn-
ing interval (i.e., number of years between spawnings)—rather
than either assuming annual spawning or adopting the minimum
interval that is physiologically possible—could help to reduce
uncertainties in predictions of sustainable harvest or population
recovery. On the other hand, when fish that skip spawning do
not aggregate or migrate with reproductive individuals (e.g.,
Skjaraasen et al. 2009; Zupa et al. 2009), they may constitute
a buffer against overfishing if the majority of fishing occurs in
spawning areas (Sullivan and Cordue 1992).

Research summarized here and in the previous review (Ride-
out et al. 2005) suggests that skipped spawning exists among
many species and populations of fish. However, understanding
the population and management implications of skipped spawn-
ing will require time series data rather than the single-year and
single-area studies that have been common to date. Multiyear
data sets describing the proportion of fish that skip spawning
have recently been produced for inshore (Rideout and Rose
2006) and offshore (Rideout et al. 2006) Atlantic cod in the
Newfoundland and Labrador region. In both cases, extensive
levels of skipped spawning were observed along with high de-
grees of spatial and temporal variability. The development of
time series data on the proportion of fish that exhibit skipped
spawning can then be used to adjust SSB accordingly. On the
other hand, such adjustments would not be required if an es-
timate of the proportion of spawners derived from a spawning
probability function (e.g., Bucholtz et al. 2008) is used in place
of traditional SSB estimates.

There is an obvious negative influence on the reproductive
potential of a population when in any given year a proportion
of the adult fish do not spawn. However, the impact of skipped
spawning on reproductive potential has rarely been quantified.
Rideout and Rose (2006) examined skipped spawning in Smith
Sound Atlantic cod and determined that failure to recognize the
occurrence of skipped spawning in this population (i.e., includ-
ing nonreproductive fish as part of the SSB) would result in an
overestimation of total population egg production by 8—41% an-
nually (Figure 3). Morgan and Rideout (2005) estimated based
on fish condition that the number of Atlantic cod that skipped
spawning in Northwest Atlantic Fisheries Organization subdi-
vision 3Ps was 8-30% annually, but they found that adjusting
SSB accordingly did not improve the stock—recruit relationship.
Likewise, the modeling of a range of skipped spawning sce-
narios for striped bass (Secor 2008) and Atlantic bluefin tuna
(Secor 2007) suggested that skipped spawning had only a minor
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FIGURE3. Comparison of estimated total egg production for the Smith Sound

spawning aggregation of Atlantic cod based on the total number of fish in the
spawning aggregation (dashed line) versus the number of fish adjusted for the
proportion that would skip spawning (solid line). Data are from Rideout and
Rose (2006).

impact on the biological reference point of egg production per
recruit. In contrast, Rideout et al. (2005) examined varying lev-
els of fishing mortality, spawning mortality, and other natural
mortality and demonstrated that skipped spawning could have
a major impact on egg production per recruit when spawning
mortality is expected to be high.

SKIPPED SPAWNING IN MALES

As is often the case with fish reproductive biology, less is
known about the potential for skipped spawning in males than
in females. In fact, Rideout et al.’s (2005) review of skipped
spawning in fishes dealt exclusively with females. The sex bias
may reflect the general perception that egg production is more
critical to population sustainability than sperm production, but
this bias could also result from the fact that egg production
requires a greater energetic and nutrient investment than the
production of sperm, making females a better model for under-
standing energy allocation in fishes. Such reasoning is supported
by studies that have found no evidence for skipped spawning
among males of certain species. For example, nutritional depri-
vation in the period prior to spawning did not influence reproduc-
tive development in male white crappies, whereas females either
showed reduced egg size or skipped spawning altogether (Bun-
nell et al. 2007). Likewise, skipped spawning was observed in
female Eurasian perch Perca fluviatilis but not in males (Holm-
gren 2003). The shortage of data describing skipped spawn-
ing in males might also reflect difficulties in identifying this
phenomenon in males due to the small size of spermatogenic
cell stages. Here, we summarize the available data on skipped
spawning in male fish based on the premise that a lack of at-
tention to skipped spawning among males is not equivalent to
saying that skipped spawning does not occur in males.

As is the case for females, maturity data for males are rou-
tinely collected during regular fisheries assessment surveys via
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macroscopic inspection of the gonads and are used to estimate
SSB. Classification schemes for male gonad development typ-
ically do not account for the possibility of skipped spawning
(for notable exceptions, see Tomkiewicz et al. 2002 and Bu-
choltz et al. 2008), so clear data regarding the degree of skipped
spawning among males are rare. However, maturity data can
be used to make inferences about skipped spawning. Perhaps
the crudest way of identifying skipped spawning is to assume
that (1) all fish above a certain size are mature and (2) indi-
viduals above the size threshold that are not developing are
actually skipping spawning (Rideout et al. 2005). For example,
Pulliainen and Korhonen (1990) reported that nearly 30% of
burbot Lota lota from Bothnian Bay, Finland, were larger than
40 cm but were not developing and therefore were considered
to be skipping spawning (referred to therein as a “rest year”).
This group included both males and females. The presence of
such large, nondeveloping individuals is suggestive of skipped
spawning but should be confirmed histologically given the plas-
tic nature of fish size and age at maturity. In another approach,
Shirokova (1969) tracked cohorts of fish across multiple years,
and the fact that the proportion of mature fish fluctuated sub-
stantially for the same cohort across years was used as evidence
for skipped spawning. For example, the percentage of males that
were “mature” among the 1958 cohort was 98% in 1961, 87%
in 1962, and 97% in 1963. The decrease in maturity percentage
in 1962 was interpreted as evidence for skipped spawning. M.
Storr-Paulsen and J. Tomkiewicz (Technical University of Den-
mark, unpublished data) performed similar analyses for Atlantic
cod in the Baltic Sea, but only those males that were clearly de-
veloping were considered to be potential spawners. They found
that male spawning probability ogives leveled off at consider-
ably less than 1.00: in fact, 0.75 for the western Baltic stock
of Atlantic cod and 0.83 for the eastern Baltic stock. This sug-
gests that spawning omission in certain years can be observed
in males of all size-classes.

Numerous studies have demonstrated skipped spawning in
both wild and experimental male winter flounder (Burton and
Idler 1984, 1987a, 1987b; Burton 1991; Maddock and Burton
1994). These fish were reported to have a gonadosomatic index
similar to that of recently spent fish (Burton and Idler 1987b).
Macroscopically, the testes are distinguishable from developing
testes by the smaller size and grayish color. Histologically, the
testes of males that skip spawning are distinguished from imma-
ture testes by a thickened wall and are different from the testes
of developing males in that they show sparse lobule contents
with no evidence of spermatogenesis (Burton and Idler 1987b).
While the overall morphology of Atlantic cod testes is much
different than that of winter flounder testes, the histological de-
scription of skipped spawning appeared to be quite similar: male
Atlantic cod that skipped spawning also had a very low gona-
dosomatic index, a thick testicular wall, and no sign of active
spermatogenesis (Burton et al. 1997). Residual sperm in the
sperm ducts can also sometimes be used to distinguish between
mature and immature individuals (Rideout et al. 2000).
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Because less work has been done with respect to the tim-
ing and energy requirements of gametogenesis in males than
in females, there has been some hesitation to classify males
as skipping spawning. For example, Rideout et al. (2000) ob-
served male Atlantic cod with evidence of previous spawning
(i.e., residual sperm) that were showing no spermatogenic de-
velopment several months after the end of the spawning season.
Although Rideout et al. (2000) acknowledged that these fish
were far behind in the normal development cycle for Atlantic
cod in this area (Burton et al. 1997; Rideout and Burton 2000b),
they labeled the fish as “delayed” rather than skipped spawners,
but did acknowledge that the latter was probably true. The reason
for hesitation was based on the fact that although spermatoge-
nesis is typically completed many months prior to spawning,
the time required to develop sperm from spermatogonia was not
well known and thus the authors were reluctant to say that these
fish could not develop in time to spawn. Similarly, Burton et al.
(1997) observed Atlantic cod testes in November that were only
in the very early stages of spermatogenesis (i.e., no flagellated
sperm), while other males demonstrated the species-typical pat-
tern of having fully developed testes by this time. Burton et al.
(1997) categorized these fish as delayed, although they ques-
tioned whether or not such a delay in development might be the
first step towards skipped spawning.

As has been observed in females, skipped spawning in males
is linked primarily with poor nutritional status. For example,
an extended period of starvation resulted in skipped spawning
for male winter flounder, and feeding these fish at an adequate
level in the subsequent feeding period allowed them to become
reproductive again for the next year (Burton 1991; Maddock
and Burton 1994). The energetic requirements of reproduction
may not be limited strictly to gamete development. Males, for
example, may have energetic costs associated with reproduc-
tive displays and competition for mates. Energetic investment
into gonad development and migration is approximately equal
among male and female salmonids, but males are less likely to
survive the breeding season and are less likely to exhibit repeat
spawning (Hutchings 1993; Fleming 1996). The higher mortal-
ity is thought to be associated with male competition costs. Such
costs may also play a role in skipped spawning by males.

SKIPPED SPAWNING IN ATLANTIC SALMON

In their attempt to summarize evidence for skipped spawning
in female iteroparous fishes, Rideout et al. (2005) focused pri-
marily on marine and freshwater species and, with the exception
of citing Schaffer and Elson (1975), almost entirely overlooked
anadromous species, including Atlantic salmon. This omission
is significant since there may be more data available on skipped
spawning for this species than for any other species. It is also sig-
nificant because skipped spawning in Atlantic salmon is identi-
fied based on scale analysis rather than on the gonadal histology
methods described by Rideout et al. (2005). Here, we attempt
to summarize these data, and in doing so we emphasize the
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reproductive plasticity of salmonids. We also briefly introduce
the unique terminology and nomenclature system for classify-
ing various salmon life history stages and reproductive patterns,
including skipped spawning.

Allan and Ritter (1977) provided standard terminologies for
the various life history stages of salmonids. Here, we concen-
trate only on those stages that are related to spawning. Salmon
of any age-class that are developing to spawn for the first time
(i.e., maturing) are described as “maiden spawners” or “vir-
gin spawners,” while those that are developing for a second
(or subsequent) time are referred to as “previous spawners.”
A spent salmon is typically referred to as a “kelt,” although
there are differing interpretations as to how long after spawn-
ing this terminology applies. Although variations in timing do
exist, most kelts overwinter in freshwater before descending to
the ocean in spring (Bardonnet and Bagliniere 2000). Fish that
return to spawn in the same year after a short ocean residence
are referred to as “consecutive spawners.” Other fish may not
return to spawn until the next year, electing to overwinter at
sea, and these are referred to as “alternate spawners.” Alter-
nate spawning in this case is equivalent to skipped spawning
since the fish in question “takes a year off” between spawn-
ings.

There are two aspects of working with anadromous salmon
that contribute to the thorough documentation of alternate
spawning. The first is the fact that all migrating (i.e., reproduc-
tive) individuals can be monitored and sampled by corralling
individuals through a single point in the river (e.g., counting
fence) or at a hydroelectric dam bypass that is equipped with
some form of live trap. The second is that a huge amount of
information, including reproductive history, can be interpreted
from salmon scales. Scales show seasonal differences in for-
mation of circuli (reflective of fast growth in summer and slow
growth in winter), which allow fish to be aged. In addition,
growth is much higher at sea, resulting in more widely spaced
annuli and the ability to determine the number of years spent in
the river prior to smoltification (Figure 4). Also, salmon do not
feed during their upstream spawning migration, instead relying
on stored energy reserves. The lack of feeding results in some
degree of scale resorption, which leaves a distinct spawning
mark (Figure 4). These spawning marks can then be used to de-
termine the reproductive history of the fish. Spawning episodes
separated by one or more years at sea would suggest alternate
spawning, whereas the absence of an extended marine period be-
tween spawning episodes would indicate consecutive spawning
(Figure 4).

The information garnered from salmon scales is organized
into a unique life history nomenclature. The actual nomenclature
may vary somewhat between countries but generally follows a
format similar to “Yg.Ys.RH,” where Yy represents the number
of years spent in the river before smoltification and migration to
the sea, Y represents the number of years spent at sea before re-
turning to the river to spawn, and RH indicates the reproductive
history of the fish. The nomenclature is perhaps best explained
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FIGURE 4. Examples of life history information recorded in Atlantic salmon
scales: (a) a fish that spent 3 years in the river before spending 2 years at sea (r =
riverine growth; s = sea growth; distance between black dots represents 1 year
of growth); (b) the same scale but with a higher-magnification view of riverine
growth; (c) a fish that spawned in three consecutive years (c = spawning check);
and (d) a fish that spent a complete year at sea between spawning for the first
and second times but then spawned in consecutive years (w = winter spent at
sea). Photos were provided by M. Bloom (Fisheries and Oceans Canada).

with a few examples as given below. It is important to remember
that these fish are sampled during their reproductive migration,
so it is assumed that they are about to spawn (i.e., are poten-
tial spawners). All of the examples listed below demonstrate
different reproductive histories for fish that spent 3 years in the
river followed by 1 year at sea:

3.1 = a maiden spawner;

3.1.SM = a second-time spawner, as indicated by the presence
of a previous spawning mark (SM) on the scale (i.e., con-
secutive spawner);

3.1.SM.1 = a second-time spawner, as indicated by the presence
of aprevious SM on the scale, but the fish spent an additional
full year at sea before returning to spawn for the second time
(i.e., alternate spawner);

3.1.SM.SM = a third-time spawner, as indicated by the presence
of two previous SMs in consecutive years (i.e., consecutive
spawner).

The proportion of anadromous salmon that survive to spawn
a second time is typically low but can be highly variable across
stocks (Allan and Ritter 1977). For example, Hubley et al. (2008)
reported Atlantic salmon kelt survival rates of less than 10%,
Chaput and Jones (2006) reported a return rate of less than 5%
for the Saint John River, and Niemela et al. (2006) reported that
the proportion of repeat spawners in the River Teno was approx-
imately 5%. In contrast, a 20-60% return rate has been reported
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for some year-classes from the Miramichi River (Chaput and
Jones 2006), and repeat spawners have occasionally been re-
ported to constitute 50% or more of the fish in a river (Schaffer
and Elson 1975; Moore et al. 1995) or in one or more tributaries
(Niemela et al. 2006).

The amount of time required between spawning episodes
(i.e., consecutive versus alternate) and the time required at
sea before becoming sexually mature (i.e., the sea age) are
no doubt related to the time required to attain sufficient con-
dition to support reproduction. In Norway, reproductive costs
have been reported to be greater for large Atlantic salmon than
for their smaller counterparts (Jonsson et al. 1997); thus, large
Atlantic salmon tend to need one full year at sea to recondition,
whereas small fish may spawn annually (Jonsson etal. 1991). Of
course, part of the energetic cost associated with reproduction
for anadromous fish is the migration cost; therefore, aspects of
a particular river system may affect a fish’s reproductive strat-
egy. Schaffer and Elson (1975) reported a link between river
“harshness” (of which a major component was river size) and
the interval between spawning episodes such that fish from par-
ticularly harsh rivers tended to adopt an alternate-year spawning
strategy. Such is the case for the large Miramichi River, in which
alternate-spawning Atlantic salmon are very common (Moore
et al. 1995). On the other hand, consecutive spawning is espe-
cially common in stocks that generally spend a single winter
at sea before returning to spawn, like those in Newfoundland
(Klemetsen et al. 2003).

Atlantic salmon are clearly capable of a high degree of re-
productive plasticity, including the ability to spawn annually or
on an alternate-year schedule. Such plasticity may also be char-
acteristic of other salmonids and not just those groups that have
an anadromous life history. For example, spawning on a 2-year
cycle may be the norm for northern populations of anadromous
Arctic char Salvelinus alpinus (Dutil 1986) and for lake trout
Salvelinus namaycush living in northern lakes (Kennedy 1954).
Given the long history of studying this reproductive plasticity in
Atlantic salmon, we are not suggesting a need to change termi-
nology, but it is important to point out that “alternate spawning”
and “skipped spawning” are in fact referring to the same thing.
The possibility should be raised, however, that the terms “con-
secutive spawning” and “alternate spawning” might be mistaken
as indicating fixed life history strategies, whereas it is known
that salmon may switch from a strategy of spawning every 2
years to spawning every year and vice versa (Klemetsen et al.
2003; see also Figure 4d). The “skipped spawning” terminology
may better reflect this degree of reproductive plasticity. Also, the
term “alternate spawning” comes from the notion that fish can
spawn in alternate years (i.e., 2-year interval). However, in rare
cases, salmon may actually spend multiple years at sea between
spawnings (E. Niemelid, Finnish Game and Fisheries Research
Institute, Helsinki, personal communication), which might also
question the appropriateness of the current terminology. On the
other hand, it could perhaps be said that using the term “skipped
spawning” implicitly suggests that individual fish should spawn
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every year (or season) and that the phenomenon of not spawn-
ing every year (or season) is rare. There is no such apparent
connotation with the use of the term “alternate spawning.”

SKIPPED SPAWNING IN FISHES WITH INDETERMINATE
FECUNDITY

A strong seasonal element exists with respect to the normal
pattern of oocyte development in fishes with determinate fecun-
dity (Murua and Saborido-Rey 2003). The reproductive period
is generally limited to specific times of the year (e.g., an annual
spawning season in spring), and the development of oocytes is
slow such that vitellogenesis must begin several months prior to
the spawning season in order to be completed in time for spawn-
ing. The time constraints on vitellogenesis mean that females
without healthy secondary growth oocytes within the couple of
months prior to the start of the spawning season will not be able
to complete gamete development in time to spawn during the
current year (or season). Such fish can be reliably categorized
as skipped spawners when histological indicators of maturity
status (i.e., postovulatory follicles [POFs] and a thick tunica
albuginea [ovary wall]) are present.

Oocyte development in fishes with indeterminate fecundity is
less temporally constrained. Such fishes tend to be characterized
by a very lengthy reproductive period, sometimes with a period
of major reproductive activity but also with a small proportion
of spawners being observed throughout much of the remain-
der of the year. Extended spawning in these species is linked
with the ability to continually recruit oocytes into vitellogenesis
even after spawning has commenced. This oocyte development
pattern and its reduced dependence on seasonality have strong
implications for the fish’s propensity to skip spawning and our
ability to detect skipped spawning. For example, fishes with de-
terminate fecundity have no capacity for de novo vitellogenesis
once a hiatus has formed between primary growth and secondary
growth oocytes in the oocyte size frequency distribution; hence,
when an entire cohort of developing oocytes becomes atretic
(i.e., mass atresia), there is no potential for that individual to
recruit additional oocytes in order to spawn in the given year.
Interpreting mass atresia and its consequences in fishes with
indeterminate fecundity is much more problematic. In some
cases, mass atresia of secondary growth oocytes is indicative
of the cessation of spawning (Lowerre-Barbieri 1996; Torres-
Villegas et al. 2007). In other cases, mass atresia might suggest
a “skipped batch” of oocytes (Lowerre-Barbieri 1996). How-
ever, because of the ability of these fish to continually recruit
oocytes into vitellogenesis, it is difficult to say with certainty
that no more oocyte recruitment will occur (even if developing
oocytes are not currently present) and, hence, that some degree
of spawning will not occur (i.e., it is difficult to conclude that
the fish will skip an entire reproductive cycle or season).

Identifying skipped spawning in fishes with indeterminate
fecundity is complicated not only by the inability to determine
whether additional oocytes will become vitellogenic and eventu-
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ally be spawned but also by the potential difficulty in determin-
ing the reproductive history of the fish. In coldwater fish with
determinate fecundity, POFs are slow to reabsorb, sometimes
persisting for many months and remaining identifiable well into
the next reproductive cycle (e.g., Witthames et al. 2010). In such
cases, the presence of POFs can be used not only to determine
whether a fish has started spawning in the current season but
also to determine whether a fish in the early to middle stages of
development spawned in the previous year—something that has
proven quite valuable in identifying skipped spawning (Rideout
etal. 2005). In warmwater species with indeterminate fecundity,
however, the POFs are highly transitory structures that disap-
pear after only a few days (Hunter and Macewicz 1985) and are
therefore only indicative of very recent spawning activity and
hold no potential for determining distant (i.e., previous year) re-
productive history. Figures presented by Lowerre-Barbieri et al.
(2011, this special section) suggest that a thickened tunica al-
buginea could potentially be used to distinguish mature and im-
mature spotted seatrout Cynoscion nebulosus. Likewise, Cole-
man et al. (1996) reported that a thick tunica albuginea could
be used to suggest prior spawning activity for three shallow-
water grouper species, although those authors were careful to
point out that such observations were not a true confirmation
of previous spawning. It is unclear whether the difference in
tunica albuginea thickness between immature and mature fish
increases with the number of spawning years, but the suggestion
that tunica albuginea thickness increases with fish size (Hold-
way and Beamish 1985) is a complicating factor that should be
considered.

The aforementioned difficulties in identification make the
notion of skipped spawning in fishes with indeterminate fe-
cundity a fascinating yet problematic topic. There are two pri-
mary pieces of evidence that have been used to suggest skipped
spawning in indeterminate spawners. The first type of evidence
is the identification of large fish with ovaries still in the regen-
erating stage from collections made during the major part of
the spawning season. Such observations have been discussed
in relation to potential skipped spawning for the wahoo Acan-
thocybium solandri (Brown-Peterson et al. 2000; Jenkins and
McBride 2009), red grouper Epinephelus morio (Collins et al.
2002), gag Mycteroperca microlepis (Fitzhugh et al. 2006), and
blue marlin Makaira nigricans (Brown-Peterson et al. 2006).
Labeling such fish as potential skipped spawners is based on
the premise that they should be demonstrating at least some
secondary oocyte growth during the spawning season if they
are going to spawn. There are two complications to this ap-
proach, however. First, as was pointed out by Lowerre-Barbieri
et al. (2009), to consider such fish as having skipped spawning,
the recrudescence and resorption times of yolked oocytes and
spawning indicators would have to be greater than the spawning
season. Lowerre-Barbieri et al. (2009) also noted that this is
not the case for most warmwater species (i.e., even fish without
vitellogenic oocytes could conceivably advance through vitel-
logenesis quickly enough to still take part in the current year’s
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spawning). The second complication is that although fishes with
indeterminate fecundity usually demonstrate a “peak spawning
season,” it is often possible to observe lower levels of spawning
at other times of the year. Hence, fish that exhibit regenerating
ovaries when collected during the peak spawning season may
have simply spawned earlier than most other fish (Collins et al.
2002).

The second type of evidence that has been used to suggest po-
tential skipped spawning in fishes with indeterminate fecundity
is the presence of large (presumably mature) individuals outside
of the spawning area during the spawning season. For example,
the western Atlantic population of bluefin tuna is thought to
spawn in the Gulf of Mexico and the Straits of Florida from April
to July, but adult-sized individuals have been reported to occur in
the central Atlantic Ocean and elsewhere during this period (Lut-
cavage et al. 1999; Block et al. 2005). Such data might suggest
skipped spawning (Lutcavage et al. 1999). Histologically, only a
very small number of postmature, nonreproductive bluefin tuna
have been reported (Zupa et al. 2009). However, based on a
regression relationship between skipped spawning proportion
and longevity for a variety of fishes, Secor (2007) predicted that
44% of bluefin tuna may skip spawning. Unfortunately, such
observations of large fish outside of the spawning area during
the reproductive period do not represent irrefutable evidence of
skipped spawning. Perhaps these observations simply suggest
the existence of previously unknown spawning areas. For ex-
ample, early indications of potential skipped spawning among
bluefin tuna in the Mediterranean Sea (Corriero et al. 2003) were
later reconsidered with the discovery of fish spawning earlier in
the year in the Levantine Sea. Lowerre-Barbieri et al. (2009)
warned that to designate fish found outside the spawning area
during the spawning season as skipped spawners, the time it
takes the fish to migrate between these habitats must be greater
than the duration of the spawning season.

The propensity for skipped spawning in fishes may also be
linked with energy allocation strategies. Fishes with determinate
fecundity generally use stored energy reserves to support gamete
development and therefore must reduce fecundity or abandon
reproductive investment completely (i.e., must skip spawning)
when energy reserves become too limited to support reproduc-
tion without unduly compromising other necessary life pro-
cesses. This strategy of energy allocation, in combination with
slow oocyte development rates, requires reproductive decisions
to be made far in advance of spawning and therefore, not surpris-
ingly, results in skipped spawning being common among fishes
with determinate fecundity (Rideout et al. 2005). Fishes with
indeterminate fecundity, on the other hand, tend to be income
breeders, supporting oocyte production by continual feeding.
Such a strategy, along with asynchronous oocyte development,
is likely to reduce the probability of skipped spawning (of an en-
tire reproductive year), whereas “skipped batches” (along with
a reduced number of batches and batch size) are more likely.
These fish can abandon the most advanced oocytes during pe-
riods of poor feeding and still have smaller developing oocytes
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that can be spawned if conditions improve. For example, final
oocyte maturation was halted in mummichogs Fundulus hetero-
clitus that were starved for 3 d but resumed in subsequent oocyte
size-classes upon resumption of feeding (Wallace and Selman
1978). For this same reason, Jenkins and McBride (2009) were
careful to refer to nonspawning adult wahoos observed during
the spawning season as “mature-inactive” rather than skipped
spawners.

Although details of oogenesis and the pattern of energy al-
location suggest that skipped spawning is less likely in fishes
with indeterminate fecundity than in fishes with determinate fe-
cundity, there is nevertheless at least some empirical evidence
to support the idea that fish with indeterminate fecundity will
skip spawning if conditions are not suitable. For example, Nd-
jaulaet al. (2009) reported that European horse mackerel held in
captivity completed vitellogenesis but failed to undergo oocyte
maturation and spawning. This result conforms to the “retain-
ing” form of skipped spawning, and although results from tank
experiments are not always transferable to wild populations, the
Ndjaula et al. (2009) study suggests that proper environmental
stimuli are required for spawning to occur. Retention of vitel-
logenic oocytes (i.e., failure to spawn) was also noted in wild
gags (Coleman et al. 1996).

OVERVIEW OF SKIPPED SPAWNING RESEARCH

The main objectives of this paper were to (1) summarize re-
search on skipped spawning since the review by Rideout et al.
(2005) was published; (2) address some of the shortcomings
and oversights of that previous paper, including the potential
for skipped spawning among males, fishes with indeterminate
fecundity, and anadromous Atlantic salmon; and (3) address
the notion that skipped spawning is an abnormal phenomenon
among fishes. For this last point, we take a quick look at the pub-
lication record with respect to skipped spawning research. Bull
and Shine (1979) reviewed missed reproduction opportunities
among vertebrates and included data for four fish species. The
Rideout et al. (2005) paper cited evidence for skipped spawn-
ing in 22 species of fish (although it has since become clear
that several citations were overlooked). Since that time, data
have been published with respect to skipped spawning in 13
species, 9 of which were not previously documented. When the
total body of literature pertaining to skipped spawning in fishes
is taken together, there is evidence for skipped spawning in at
least 31 species. The list of species includes important com-
mercial marine groundfishes (Skjeraasen et al. 2009), small
pelagic fishes (Kennedy et al. 2010), large pelagic fishes (Zupa
et al. 2009), deepwater species (Neves et al. 2009), freshwater
species (Holmgren 2003), anadromous fishes (Schaffer and El-
son 1975), and catadromous fishes (Milton and Chenery 2005).
Skipped spawning is clearly a mechanism that is integrated in
the reproductive strategy of a broad range of fishes.

Guidelines for identifying skipped spawning were provided
by Rideout et al. (2005) in an attempt to increase interest
in skipped spawning, thus prompting work to address how
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common this phenomenon is among various fish species. Based
on the number of papers cited by Rideout et al. (2005) and the
years in which those papers were published, we estimate that
the pre-2005 publication rate of papers pertaining to skipped
spawning was approximately two per year. Since that time (and
based on the papers cited here), papers pertaining to skipped
spawning have been published at a rate of five per year. This
suggests an increase in skipped spawning research since 2005.
Only time will tell whether research in this area will continue to
grow and what contributions will be made to our understanding
of fish reproductive biology and fisheries ecology.
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