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ABSTRACT

Parental care is an advantageous reproductive behavior, as the
fitness of the caregiver is increased through improving the
chances of its offspring’s survival. Parental care occurs in a vari-
ety of teleost fishes. The body size of parental fish and the size
of their brood can affect nest abandonment decisions, where
compared with smaller fish with smaller broods, larger fish with
larger broods typically invest more energy into reproductive
events because they have less future reproductive potential. Al-
though essential for basal metabolism and body maintenance
functions, when glucocorticoid hormones (e.g., cortisol) are chron-
ically elevated, as can occur during stress, fish may experience
impairments in behavior and immune function, leading to com-
promised health and condition. Anthropogenic stressors dur-
ing parental care can lead to elevated stress, therefore mak-
ing it necessary to understand how stress influences an already-
challenging period. Using smallmouth bass as amodel, a gradient
of body sizes, and experimentally manipulated brood size (i.e.,
reducing large broods and supplementing small broods) and
cortisol levels (i.e., elevated via slow-release intraperitoneal co-
coabutter implants containing cortisol versus controls),we tested
the hypothesis that the reproductive success and parental care
behaviors (i.e., aggression, nest tending) of nest-guarding male
smallmouth bass are influenced by parental body size, brood
size, and cortisol level. Overall, there was a relationship between
cortisol treatment and nest success in which larger fish exhibited
lower success when cortisol levels were elevated. Brood size had a

significant effect on fish-tending behavior, independent of cor-
tisol level and body size. Lending partial support to our hypoth-
esis, the results of this study indicate that the reproductive suc-
cess of guarding male smallmouth bass is influenced by cortisol
level and that tending behavior is affected by brood size.

Keywords: glucocorticoid, cortisol, nest success, aggression,
nest tending, teleost, smallmouth bass.

Introduction

Many taxa focus their reproductive efforts into a single re-
productive period each year, exhibiting specialized behaviors
intended to maximize reproductive success. Parental care,
defined here as the postfertilization behaviors undertaken to
care for offspring, increases the probability of offspring sur-
vival, thus increasing the fitness of the parents (Clutton-Brock
1991). Life-history theory predicts trade-offs in resource allo-
cation between growth, survival, and reproduction (Williams
1966; Trivers 1972). Current reproductive investmentmust also
be weighed against the potential for future reproductive events;
if survival is placed in jeopardy due to the cost of a current re-
productive event, such as parental care during a breeding season,
it may be advantageous to forgo current reproductive efforts to
maximize future reproductive potential (Williams 1966; Wing-
field and Sapolsky 2003). Such trade-offs effectively link behav-
ior, physiology, and life history (Zera and Harshman 2001).
Parental care behaviors occur in a variety of teleost fishes

(Blumer 1982) encompassing a diversity of parental care forms
(Goodwin et al. 1998), thus making fish ideal models to study
parental care (Amundsen 2003). Teleost parental care can be
broadly categorized into nest-tending (e.g., fanning eggs, re-
moving debris from the nest) and aggression (e.g., brood de-
fense) behaviors.
The parental care period is a challenging time for parent(s)

and offspring, as fish are exposed to a variety of biotic and abi-
otic challenges. This is exemplified by the centrarchid fishes, a
family for which sole paternal care is ubiquitous (Cooke et al.
2006, 2008). Within the Centrarchidae, parental care has been
particularly well studied for black bass (Micropterus spp.; i.e.,
smallmouth bass [Micropterus dolomieu] and largemouth bass
[Micropterus salmoides]). Black bass begin their nesting sea-
son in the early spring, choosing nesting sites located within
shallower waters in the littoral zone (Cooke et al. 2006). Ad-

*This paper was included by the Editor’s request in a Focused Issue on “Early-
Life Effects on the Adult Phenotype: A Comparative Perspective.”
†Corresponding author; e-mail: dirk.a.algera@gmail.com.

Physiological and Biochemical Zoology 90(1):85–95. 2017. q 2016 by The
University of Chicago. All rights reserved. 1522-2152/2017/9001-6042$15.00.
DOI: 10.1086/689678

85



verse conditions produced from inclement weather can reduce
nest success in fish (Goff 1985; Steinhart et al. 2005). Brood
predator burden can affect parental care behaviors, energy ex-
penditure (Steinhart et al. 2004; Gravel and Cooke 2009), and
nest success (Zuckerman and Suski 2013). This is compounded
by the fact that nest-guarding males must remain vigilant 24 h
per day, expending substantial energy patrolling the nest area
(Hinch and Collins 1991; Cooke et al. 2002) all the while cur-
tailing food intake due to a combination of reduced feeding
opportunities and suppressed appetite (Hanson et al. 2009a).
Black bass must also deal with anthropogenic stressors. The
littoral zone is often subject to habitat degradation from shore-
line alterations (Wagner et al. 2006) and noise from boats (Gra-
ham and Cooke 2009). Additionally, black bass are the most
popular sport fish in North America and are subjected to intense
angling pressure (Quinn and Paukert 2009). Because of their
heightened aggression during parental care, nesting bass are vul-
nerable to angling (Kieffer et al. 1995; Philipp et al. 1997; Suski
and Philipp 2004). Even short absences from the nest can lead to
brood depredation and thus nest abandonment (Kieffer et al.
1995; Philipp et al. 1997). Angling also causes stress that re-
duces their ability to defend their brood once released (Cooke
et al. 2000; Suski et al. 2003). Clearly, the parental care period is
among the most challenging periods in the life of a black bass.
The costs of reproduction and the basis for trade-offs in pa-

rental care decisions are influencedbyparental body size. Larger
black bass typically show increased reproductive success and
parental investment (Wiegmann and Baylis 1995; Lunn and
Steinhart 2010; Gingerich and Suski 2011; Steinhart and Lunn
2011), likely attributable to greater body condition (Hinch and
Collins 1991) and past breeding experience (Curio 1983), thus
being better prepared to deal with the energetic demands as-
sociatedwith parental care (Gillooly andBaylis 1999). Body size
has a positive relationship with brood size, another important
factor in black bass reproduction. Larger males receive more
eggs than smaller males (Ridgway 1989; Philipp et al. 1997;
Suski and Philipp 2004; Gingerich and Suski 2011) through at-
tracting andmatingwith larger females (Wiegmann et al. 1992).
Brood size has implications for nest success and parental in-
vestment in care-giving fish. When brood size is large, parental
investment remains high and nest abandonment is lower rel-
ative to that for a reduced brood size (Ridgway 1989). Studies
decreasing the brood size of nesting male black bass, essen-
tially simulating a nest depredation event in thewild, found that
nest success and parental investment decreased relative to that
for controlfishwith larger unalteredbrood sizes (Ridgway 1989;
Suski et al. 2003; Zuckerman et al. 2014). Augmented broods
(those that are initially small yet become larger) occur for nest-
ing black bass in cases where a second female spawns with the
male or when crèching occurs, where broods from different
parents merge yet protection is provided by a single parent.
Ridgway (1989) observed that experimentally increasing brood
sizes through adding offspring to the nest led to increases in
parental investment.
Although a number of studies have examined the influence

of brood size, the influence of body size, or their combined

influence on parental care in black bass (e.g., Ridgway 1989;
Mackereth et al. 1999; Suski et al. 2003; Steinhart and Dunlop
2008; Hanson et al. 2009b; Lunn and Steinhart 2010; Steinhart
and Lunn 2011; Gingerich and Suski 2012; Zuckerman et al.
2014), comparatively little is known about how stress modu-
lates parental care behaviors and reproductive success. Given
that anthropogenic activity (e.g., disturbance, habitat degra-
dation) in littoral zones where many parental care–providing
fish nest is continuing to increase, it is conceivable that an-
thropogenic stress will likely exacerbate the energetic costs of
an already-challenging period. For the purposes of this study,
stress is defined as a rise in circulating stress hormones (i.e.,
cortisol). Once validated in controlled experiments, exogenous
glucocorticoid (GC) manipulations can be a powerful tool in
assessing the effects of stressors and life-history variations in
wild fishes (Crespi et al. 2013; Sopinka et al. 2015). Using ex-
ogenous cortisol manipulations, O’Connor et al. (2009) ex-
perimentally raised cortisol titers in fish to further challenge
nesting male largemouth bass. Relative to controls, the cortisol-
manipulated fish exhibited greater declines in physiological sta-
tus, showed evidence of immune function impairment, and had
higher rates of nest abandonment. However, the authors used a
narrow range of fish sizes.
Building on the approach used by O’Connor et al. (2009),

we conducted a study to determine the influence of body size
and brood size on parental care behaviors and reproductive
success and the extent to which outcomes varied between con-
trol and cortisol-manipulated fish. We selected smallmouth bass
(M. dolomieu) as a model species because they maintain a pres-
ence at their nest for several weeks, allowing ample time for
experimentation, and because their stress response, parental
care behaviors, and nest success are well characterized in the
literature (Ridgway 1988; Hanson et al. 2009b; O’Connor et al.
2009; Dey et al. 2010).We hypothesized that parental body size,
brood size, and cortisol level (i.e., experimental cortisol ele-
vation relative to that in controls) influence parental care be-
haviors and reproductive success in nesting males. We pre-
dicted that the interaction of a large body size andbrood sizewill
produce the highest reproductive success and parental invest-
ment (in terms of aggression and tending behaviors) given the
past reproductive experience of larger (older) fish, the energetic
advantages afforded from a large body size, and the potential
reproductive value of a large brood. Furthermore, larger fish
have comparatively less future reproductive events than smaller
(younger) fish, presumably leading them to abandon a brood
less frequently. Given the declines in physiological status and
body condition associated with elevated circulating cortisol
from exogenous cortisol manipulation, fish with elevated cortisol
were predicted to exhibit decreased reproductive success and
diminished parental investment, choosing to abandon their nests
in favor of their own survival.

Methods

Sampling was conducted from late May through mid-June in
2014 in Charleston Lake, in the Gananoque watershed, and in
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Big Rideau Lake and Sand Lake, in the Rideau River system.
The three lakes are similar in their aquatic community com-
position (Gravel and Cooke 2009). Surface water temperatures
ranged from157 to 197C throughout the experimental duration.
At these temperatures, male smallmouth bass are known to
construct a nest in the littoral zone, court and mate with a fe-
male, fan eggs, and defend the brood for several weeks (Ridgway
1988). All research was conducted in accordance with Animal
Care Protocol B12-08, authorized by Carleton University and
the Canadian Council on Animal Care.

Parental Care Behaviors and Reproductive Success

Nest-guarding males were located through snorkel surveys
using a trained team of snorkelers. If a nest-guarding male’s
length was estimated as falling within appropriate size ranges
(i.e., large [1420 mm] or small [!330 mm]), their brood size
(egg score) was also visually estimated. Egg score is a qualita-
tive, highly repeatable assessment categorizing egg counts from
1 through 5, with 1 being few eggs and 5 being thousands of eggs
(Kubacki 1992; Philipp et al. 1997; Suski et al. 2003; Zuckerman
et al. 2014). The experimental design of this study purposefully
avoided the inclusion of fish with an average body size and brood
size, focusing on large and small body sizes and egg scores. Al-
thoughwe did not agefish, in this region the largefishwould have
been ∼8–14 yr old and the small fish would have been ∼4–7 yr
old, on the basis of extensive aging work on a nearby system (i.e.,
O’Connor et al. 2012). A large brood size was a nest having
an egg score of 4 and 5, whereas an egg score of 1 or 2 was
considered a small brood (Kubacki 1992). Nests selected for
the study were randomly distributed in similar habitats (rocky
substrate) at 0.5–1.5-m water depth.
Behavioral assessments were designed to test a guarding

male’s nest-tending and aggression behaviors. Tending was as-
sessed first, followed by aggression. To assess the tending and
vigilance, a tending score was developed where each nest-
guarding male was visually observed by a diver situated 13 m
from the nest, limiting disturbance to the guarding male. Af-
ter a 60-s acclimation period, the diver recorded how many
times the male was within 1m of his nest in 20-s increments for
a total of 3 min (giving a total possible score of 9, as per Gravel
and Cooke [2009]). An aggression score was developed to test
the nest-guarding male’s defensive aggression toward a common
brood predator. Aggression score was assessed using a bluegill
sunfish (Lepomis machrochirus) between 130 and 140 mm in to-
tal length (TL) contained in a 4-L glass jar placed directly
adjacent to the nest (Hanson et al. 2009b). After an acclima-
tion period of 30 s, a diver situated 13 m from the nest ob-
served the engagement of the male with the brood predator,
recording the duration of direct jar contact (s) and the number
of strikes to the jar, mouth flares, and charges at the jar for a
total of 60 s (Hanson et al. 2009b). After the behavioral assess-
ments, experimental fish were angled from the nest using rod
and reel, placed into a foam-lined trough containing fresh lake
water for TL measurement (all fish were angled and measured),
and administered a cortisol treatment if applicable. The angling

fight time was minimized (!20 s) in order to limit stress from
capture and exhaustive exercise. No anesthesia was needed to
sedate the fish while in the trough given that they were calm
when in supine position.
Cortisol-treated fish received 10 mg kg21 of cortisol (hy-

drocortisone 21-hemisuccinate; Sigma-Aldrich) suspended in
a cocoa butter vehicle via intraperitoneal injection with a 16-
gauge needle. Fish were injected with 0.005 mL per gram of
fish body weight. Hydrocortisone 21-hemisuccinate is com-
monly used to experimentally elevate cortisol levels and is

Table 1: Model, estimate, and P value for each term

Model, fixed effect Estimate (SE) Z P

Nest success:
Intercept .17 (.49) .354 .724
Cortisol (NC) 1.57 (.74) 2.128 .033
Brood size (small) .24 (.65) .364 .716
TL.std 2.44 (.41) 21.077 .282
Lake (Charleston) 2.89 (.53) 21.696 .090
Lake (Sand) .92 (1.22) .753 .451
Cortisol (NC) #

brood size (small) 2.81 (.98) 2.827 .408
Cortisol (NC) #

TL.std .81 (.50) 1.610 .107
Brood size (small) #

TL.std .36 (.49) .732 .464
Aggression score:
Intercept 3.13 (.11) 27.63 !.001
Cortisol (NC) 2.23 (.15) 21.485 .137
Brood size (small) .09 (.15) .615 .539
TL.std 2.09 (.09) 2.993 .321
Lake (Charleston) 2.11 (.11) 2.919 .358
Lake (Sand) 2.02 (.22) 2.079 .937
Cortisol (NC) #

brood size (small) .07 (.21) .325 .745
Cortisol (NC) #

TL.std 2.03 (.10) 2.254 .799
Brood size (small) #

TL.std .10 (.10) .936 .349
Tending score:
Intercept 2.43 (.34) 7.190 !.001
Cortisol (NC) .62 (.51) 1.209 .227
Brood size (small) 1.01 (.51) 1.994 .046
TL.std 2.35 (.27) 21.275 .202
Lake (Charleston) .35 (.38) .926 .355
Lake (Sand) .11 (.75) .154 .878
Cortisol (NC) #

brood size (small) 21.04 (.71) 21.461 .144
Cortisol (NC) #

TL.std 2.22 (.35) 2.629 .529
Brood size (small) #

TL.std .16 (.35) .454 .650

Note. Coefficients with significant P values are shown in boldface type. For
each analysis, N p 93 fish. NC p no cortisol.
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known to produce postreceptor effects comparable to those
of endogenously produced cortisol in teleost fishes (Pickford
et al. 1970; Chan and Woo 1978; Foster and Moon 1986; Kii-
lerich et al. 2007). Exogenous cortisol manipulation used in this
study is a validated (for the same species, in the same watershed,
at the same temperatures, using the same field methods and
laboratory assays, by the same research group) method for

elevating cortisol levels in smallmouth bass for 5–6 d (Gam-
perl et al. 1994; O’Connor et al. 2009; Dey et al. 2010). Mean
posttreatment cortisol levels are expected to range from 750 to
2,250 ng mL21 in black bass (O’Connor et al. 2009; Dey et al.
2010). For context, cortisol levels of control black bass en-
gaged in parental care are typically !50 ng mL21 (Dey et al.
2010). No sham treatment (injection containing only cocoa

Figure 1. Probability (595% CI) of male smallmouth bass nest success according to body size (total length [TL]), brood size, and cortisol
treatment in Big Rideau Lake (A), Charleston Lake (B), and Sand Lake (C). The vertical facets show large and small brood sizes.
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butter) was used in the experimental design due to incon-
sistent cortisol responses of sham-treated fish (see DiBattista
et al. 2005). Although mass was not directly measured, a log10-
transformed length-weight relationship equation from small-
mouth bass in Opinicon Lake, a lake within the same system,
was used to calculate fish weight from the TL measurements of
experimental fish receiving cortisol treatment (Dey et al. 2010);
the equation was log10 massp27.1004# 3.884(log10 TL), with
mass reported in grams and TL in millimeters. Time away from
the nest was minimized; angling and cortisol administration
took less than 120 s, and fish were released within 5 m of their
nest after treatment. Throughout the treatment process a diver
guarded the nest from brood predators in the guarding male’s
absence.
Following a protocol adapted from Suski et al. (2003), all fish

received brood size manipulation using gentle suction with a
rubber bulb pipette within 24 to 48 h after initial behavioral
assessment. The delay in performing brood size manipulations
was to minimize nest abandonment due to having eggs re-
moved from the nest combined with angling stress and cortisol
treatment. Large broods (egg score of 4 and 5) were reduced to
a small brood size (egg score of 1 or 2), while small broods were
supplemented with eggs fromother nests to become large broods.
All brood manipulations occurred during fresh egg and early
egg sac fry offspring development stage, typically 0–5 d after
the male receives eggs. Because of an already-complex study
design and the known details regarding natural brood size and
the responses of black bass in terms of nest success and parental
investment prevalent in the literature, we chose to forego in-
clusion of size-neutral manipulations as controls.

Tending and aggression scores were reassessed 5 d later on
all fish using the same protocol outlined above. Following be-
havioral reassessments, nests were monitored every second day
for the duration of the parental care period. A nest was consid-
ered abandoned when no guarding male and no brood were
present in or around the nest, whereas a nest was deemed suc-
cessful if the offspring reached the free-swimming fry develop-
ment stage, which cannot occur without the presence of the
parental male (Ridgway et al. 1991; Philipp et al. 1997).

Statistical Analyses

Nest success, aggression score, and tending score were each
tested in a generalized linear mixed model (GLMM) where for
our study design multiple observations from each individual
prescribed that fish ID be included as a random effect. Before
analysis, data were first plotted and explored for outliers, multi-
collinearity, and relationships. Nest success (yes/no, binomial
distribution) was modeled as a function of body size (TL, stan-
dardized by subtracting the mean and dividing by the SD), final
brood size (large vs. small), cortisol treatment (cortisol vs. no
cortisol), and lake (Big Rideau, Charleston, Sand). Two-way in-
teractions included cortisol treatment # brood size, cortisol
treatment#TL, and brood size#TL. All fish received a brood
sizemanipulation treatment in the experimental design for nest
success.
The aggression and tending score models included the same

fixed- and random-effects structure used in the nest success
GLMM, with the exception of an observation-level random-
effect term to account for overdispersion in the residuals. Ag-

Figure 1 (Continued )
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gression and tending scores were modeled assuming a Poisson
and binomial distribution, respectively.Modelswere verified by
plotting the residuals against the fitted values, against all the
factors, and assessed for overdispersion (i.e., the occurrence of
more variance in the data than predicted by a statistical model;
Bolker et al. 2009). All statistical analyses were conducted us-
ing the package lme4 (Bates et al. 2014) in R statistical software
(ver. 3.0.1; R Core Development Team 2013). Although sta-

tistical significance was considered on the basis of the approxi-
mated test statistics, trends in the fitted values and their potential
biological significance were of primary interest.

Results

A total of 93 fish were included in nest success and behavior
analyses. Overall, 55 fish ranging from 251 to 330 mm in TL

Figure 2. Proportion (595% CI) of time nest-guarding male smallmouth bass spent within 1 m of the nest (i.e., tending behavior) as measured
over the course of 3 min in Big Rideau Lake (A), Charleston Lake (B), and Sand Lake (C). The vertical facets show large and small brood sizes.
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were designated as small fish, while 43 fish ranging from 420 to
505 mm in TL were designated as large fish. All fish had their
brood size manipulated, and a total of 50 fish also received cor-
tisol treatment.

Nest Success

Overall, there was a relationship between nest success prob-
ability and cortisol treatment, with control fish (i.e., no cortisol)
exhibiting significantly higher nest success probability than
fish treated with cortisol (table 1). No relationship was evident
between nest success and any of the other tested explanatory
variables (table 1). In each lake the control fish showed a
positive trend between body size and nest success probability
regardless of brood size, whereas a negative trend was evident
in cortisol-treated fish with a large brood size (fig. 1).

Aggression and Tending Scores

No relationships were found between aggression score and the
tested explanatory variables (table 1). For tending score, the
coefficient for small brood sizes was significant, and the fitted
values for this model indicated that fish with a small (experi-
mentally reduced) brood size had higher tending scores (i.e.,
spent a higher proportion of time within 1 m of their nest) than
fish with large (experimentally supplemented) broods. Com-
pared with the tending score of fish with small broods, the
tending score of fish with large broods decreased more rapidly
with increasing fish size in each of the lakes (fig. 2). Coefficients

for cortisol treatment, fish size, and their interactions were not
significant in the model for tending score (table 1).

Discussion

This study explored parental body size, brood size, and ex-
perimentally elevated cortisol levels, with particular focus on
testing the combined interactions of these, as factors influ-
encing reproductive success and parental care behaviors. As
predicted, cortisol treatment had an overall negative effect on
nest success (table 1; fig. 1). In each lake, males guarding a large
brood size exhibited decreased nest success with increasing
body size (fig. 1), although the tested interaction term between
cortisol treatment and body size was not significant (table 1).
Tending score was significantly affected by brood size (table 1),
with fish guarding small broods exhibiting a higher tending
score than those guarding large broods. The tending score of
fish with small broods remained relatively unchanged, while
fish with large broods decreased with increasing fish size (ta-
ble 1; fig. 2). Despite our prediction, no relationships were
found between the tested explanatory variables and aggression
score (table 1).
Cortisol-treated fish, particularly larger fish guarding a large

brood, tended to exhibit decreased nest success relative to
large control fish (table 1; fig. 1), consistent with other studies
(O’Connor et al. 2009; Dey et al. 2010). Our results suggest that
GCs such as cortisol interact with reproduction, contributing
to nest abandonment decisions to forego current reproductive
efforts in favor of self-preservation (Wingfield et al. 1998).

Figure 2 (Continued )

Parental Care in a Stressful World 91



Similar to other research exploring the influence of elevated
cortisol on black bass parental care (O’Connor et al. 2009; Dey
et al. 2010; Zolderdo et al. 2016), cortisol-treated fish in this
study continued to guard their nests beyond the expected el-
evated cortisol duration (i.e., cortisol elevated for 5–6 d; Gam-
perl et al. 1994; O’Connor et al. 2009), suggesting that tertiary
effects from elevated cortisol or other factors not measured in
the present studymaybe responsible for nest abandonment.We
surmise that declining physiological condition is likely con-
tributing to nest abandonment decisions. Although not ex-
plicitly measured here, cortisol-treated black bass have been
found to exhibit plasma hyperglycemia and hypercholesterol-
emia (O’Connoret al. 2009;Deyet al. 2010;Zolderdoet al. 2016),
indicating that smallmouth bass in this study may be experi-
encing elevated metabolic activity from cortisol treatment. Black
bass are capital breeders, and an increase in metabolic activity
may lead to decreased body condition during this already ener-
getically demanding period. Other indicators of degraded phys-
iological condition from elevated cortisol include observations of
altered immunocompetence through decreased lymphocyte lev-
els (Zolderdo et al. 2016) and significantly higher Saprolegnian
infections (O’Connor et al. 2009) in black bass. Zolderdo et al.
(2016) also found increased levels of reactive oxygen species (8-
hydroxy-20-deoxyguanosine) in cortisol-treated fish relative to
those in controls, indicating signs of oxidative stress in response
toelevatedcortisol.Nestsuccessprobabilitydecreasedasfishbody
size increased in cortisol-treated fish guarding a large brood
(fig. 1). Although not statistically significant, this may indicate
that cortisol can disproportionately influence nest success in
large fish relative to small fish. Large black bass have been shown
to take longer to recover from an exercise-induced disturbance
(Gingerich and Suski 2012) and have higher endogenous energy
reserves at the start of the spawning season (Wiegmann et al.
1997), and thus theymay experience relatively greater declines in
body condition. Furthermore, black bass with a small body size
use a different spawning strategy than large black bass to produce
a successful brood, which may be advantageous in mediating
potential declines in physiological condition. Small black bass
tend to begin nesting later in the reproductive season than large
fish (Wiegmann et al. 1997) andmay feedmore frequently during
parental care to supplement their comparative lack of energy
reserves (Hinch and Collins 1991). Additionally, eggs develop
more quickly in warmer water (i.e., toward the latter half of the
spawning season), providing them the opportunity to success-
fully raise a brood in a comparatively shorter time frame and
presumably using less energy than large fish. This may explain
the tendency for decreased nest success in cortisol-treated large
fish relative to cortisol-treated small fish in this study. The ex-
pected exogenously elevated cortisol levels of fish in this study
mimiccortisol-dependentphysiological effects akin to thechronic
stress observed in teleosts (Wendelaar Bonga 1997). Although
cortisol is a key component of the GC response, elevations in
cortisol alone do not perfectly emulate stress. In normal situa-
tions, the stress response is initiated after sensory perception of a
stressor and activation of the hypothalamic-pituitary-interrenal
axis (WendelaarBonga1997).Nonetheless, experimental cortisol

elevation is a useful strategy for understanding how stress in-
fluences wild animals (Sopinka et al. 2015; Crossin et al. 2016).
Parental care behaviors investigated in this study—namely,

aggression and tending behaviors—are ubiquitous in centra-
rchid parental care (Cooke et al. 2006). None of the tested fac-
tors had an effect on nest-guarding male aggression (table 1).
Parental male aggression remaining unaffected by cortisol treat-
ment demonstrates consistency with other black bass parental
care studies (O’Connor et al. 2009, 2011; Dey et al. 2010). Tend-
ing score, measured as time spent within 1 m of the nest, was
driven by brood size (table 1), insofar as fish with a small (ex-
perimentally reduced) brood size exhibited a higher tending
score than fish with a large (experimentally increased) brood
size (fig. 2). This was an unexpected result, as black bass are
known to decrease parental investment (Ridgway 1989) and
increase nest abandonment (Hanson et al. 2007; Zuckerman
et al. 2014) in response to experimentally reduced broods. How-
ever, initial brood size, not tested as an explanatory variable in
this study, plays a role in assessing the value of the brood;
Zuckerman et al. (2014) found that fish with a larger initial
brood size (before devaluation) were less likely to abandon a
brood than those with a small initial brood size. In this study,
fish with a small brood originally had a large brood (egg score
of ≥4), which was experimentally reduced to a much smaller
brood size (egg score of ≤2). Interestingly, despite increased
parental investment (i.e., nest tending) relative to fish guarding
large broods, fish with a small brood did not exhibit a higher
probability of nest success (table 1). The reproductive value of
the remaining brood is also an important factor in black bass
nest abandonment decisions (Zuckerman et al. 2014). Indi-
viduals may value broods differently according to environ-
mental thresholds. Predator burden can be high in the lakes
used in this study (Gravel and Cooke 2009), and fish residing in
higher-latitude lakes, such as those in southeastern Ontario,
can have comparatively limited future reproductive capacities
(Ridgway 1989; Shaw and Allen 2014). Moreover, cumulative
investment and physiological thresholds, such as energy avail-
ability and body condition, are central in parental investment
decisions (Trivers 1972; Wingfield and Sapolsky 2003). Fish in
this study may be placing a high value on what brood remains
and consequently are increasing parental investment (i.e., nest
tending in this study) to ensure some reproductive success,
attempting to maximize past investment regardless of the en-
ergetic demands of parental care and the lower reproductive value
of a smaller brood.
Teleost fish exhibiting parental care show much variation in

their response to natural and experimental brood reductions.
Reductions in black bass brood size are shown to lead to de-
creased parental investment (Ridgway 1989). Repudiating our
prediction and what is prevalent in the literature, the results
of this study show that small brood sizes could receive higher
parental investment than larger ones. This study further high-
lights the complexity of parental investment decisions, how
they are individual specific, and how they are likely due to rel-
ative energetic cost and storage (Stearns 1989). The growing
body of research exploring the interaction between reproduc-
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tion and stress have demonstrated varied results (Sopinka et al.
2015), indicating that parental care trade-offs and stress are
highly complex and remain poorly understood. Increasing shore-
line development and many human activities are a source of en-
vironmental disturbances, such as chemical, light, and noise pol-
lution (Graham and Cooke 2009; Brüning et al. 2015), translating
to increased human-induced stressors in the littoral zone (Wag-
ner et al. 2006). In addition, given that black bass are the most
popular sport fish in North America, angling-induced stress be-
fore or during the parental care period is common (Philipp et al.
1997; Suski et al. 2003). It stands to reason that the increas-
ing presence of human-induced stressors in aquatic ecosystems
will furthermagnify the stress associatedwithparental care in this
already-challenging period. Thus, understanding how reproduc-
tive success and parental care behaviors interact with increased
GCs (i.e., stress) and life-history traits is imperative. Studies such
as this one that experimentally manipulate GC levels have the
potential to reveal how anthropogenic stressors will mediate par-
ental care behavior (including decisions to abandon a developing
brood or forego reproduction), reproductive success, and fitness
in wild animals.
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