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Abstract

Annual recruitment in fish is undoubtedly impacted by a vast number of biotic and abiotic factors. That is especially the case
for fish species such as the black bass (species in the genus Micropterus), where there is extended parental care. Although much
focus has been given in the past on determining the roles that many of these factors (e.g., temperatures, wind, flow rates, and
habitat change) play in determining recruitment among the back basses, little attention has been given to assessing what role
reproductive success plays in that determination. To address this question, we conducted a long-term study on two adjacent
smallmouth bass (SMB) Micropterus dolomieu Lacepéde, 1802 populations in eastern ON to assess the relationship between
annual fry cohort size (FCS) (i.e., population-wide reproductive success) and annual recruitment. To measure population-wide
annual FCS, we used snorkel surveys to conduct a complete census of nesting SMB males during the spawn from 1990 to
2015. During those surveys, we quantified mating success, determined which nests were successful or not, and calculated
the number of independent fry produced each year by summing those numbers across all successful nests. Summer snorkel
surveys from 1991 to 2016 assessed annual recruitment through visual counts of age 1+ juveniles. Results demonstrated a

highly significant, positive, linear relationship between annual FCS and annual recruitment.
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Introduction

Smallmouth bass (SMB) Micropterus dolomieu Lacepéde,
1802 and largemouth bass M. salmoides (Lacepéde, 1802), two
of the species in the genus commonly referred to as black
bass, are both native to much of eastern North America,
including eastern ON (Macrimmon and Robbins 1975). Black
bass arguably serve as the basis for the most economically
important sport fishery in North America, one valued in bil-
lions of USD annually (Quinn 2002; Quinn and Paukert 2009).
Developing sound, evidence-based strategies to manage and
conserve these valuable natural resources serves both envi-
ronmental and economic goals. During the first half of the
20th century, approaches to black bass management across
a majority of jurisdictions in North America included the
use of seasonal closures to angling (Paukert et al. 2007). This
regulatory action was designed to protect the reproductive
effort of the population during the spring spawning season,
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as well as to prevent overharvest during the parental care
period when male bass are extremely vulnerable to capture
(Long et al. 2015). As the voluntary practice of catch and
release came into increasingly common use by black bass
anglers (Myers et al. 2008; Isermann et al. 2013), regulations
were significantly relaxed (Paukert et al. 2007) based on the
assumption that bass population dynamics would remain
unaffected if all captured bass were released (Wydoski 1977).
That assumption, however, has never really been tested.
Currently, the dominant paradigm concerning what con-
trols annual recruitment in black bass populations assigns
great importance to the annual variability in environmental
conditions. That is, factors such as water temperature, win-
ter duration, wind and storms, sedimentation, and water flow
are viewed as major drivers of the abundance of young bass
in their first year of life (see Shuter et al. 1980; Serns 1982;
Parkos and Wahl 2002; Suski and Ridgway 2007; Landsman
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et al. 2011). For example, favorable summer growing condi-
tions may lead to greater cohort survival via a positive rela-
tionship between summer warmth and growth of age 0 fish
(Fry and Watt 1957; Watt 1959). Similarly, longer winter du-
rations may lead to decreased cohort survival via insufficient
energy stores causing an increase in mortality of some age 0
bass (Shuter et al. 1980). It is well accepted that environmen-
tal factors can impact the survival of young bass greatly, with
many of those effects likely experienced very early in life,
i.e., before the parental care period is completed as well as
in their first winter. The fact that SMB recruitment processes
are influenced by the environment is regarded as a successful
example of environmental influences on fish recruitment in
general (Myers 1998). More generally, climate fluctuations as
reflected in climate indices are now recognized as important
in accounting for population increases or decreases of terres-
trial vertebrate populations (Wan et al. 2022). Whether this
is the case for SMB is unknown; however, reproductive suc-
cess of individual nesting black bass, when summed across
the population as a whole, may potentially play a very impor-
tant role in black bass recruitment ecology. Unfortunately,
that relationship has not been tested, even though that gap
in our knowledge represents an important barrier to our un-
derstanding of black bass recruitment ecology, especially for
SMB populations in the northern tier of its range. We pro-
pose that annual recruitment to age 1 in black bass depends
upon fry cohort size (FCS), i.e., the number of surviving inde-
pendent fry from all successful nests across the population.
In this hypothesis, abiotic factors can still impact survival of
young bass. Much of that impact, however, likely occurs dur-
ing the parental care phase, thereby helping to determine
FCS and subsequently age 1 abundance. This hypothesis was
assessed via a long-term field study of two SMB populations
in eastern ON, Canada. The long-term study incorporates win-
ter severity using climate indices (North Atlantic Oscillation
(NAO); EI Nino Southern Oscillation (ENSO)) as abiotic factors
that have previously been shown to affect SMB nest survival
(Suski and Ridgway 2007) and more broadly population dy-
namics of other vertebrates (Stenseth et al. 2002; Wan et al.
2022).

Materials and methods

Study area: this study was conducted from 1990 through
2016 in a portion of the Mississippi River located in eastern
ON, Canada (44°56'26.5"N, 76°41’55.0"W). The study area in-
cluded two sites, the first (river site) being a 2km section
of the Mississippi River composed of a series of 8 pools con-
nected by small rapids, terminating in 1 m falls at its outflow
into Miller’s Lake. The second (lake site) was Miller’s Lake, a
45 ha widening of the main river with a maximum depth of
about 15m and approximately 3.5 km of shoreline. Both the
river and lake sites have clearly defined littoral zones that
contain bedrock, cobble, and gravel substrate interspersed
with coarse woody debris and a low density of submerged
aquatic vegetation. In addition, the littoral zone is moder-
ately sloped prior to reaching a sharp drop-off to deeper wa-
ter, making for a well-defined spawning area for SMB. For a
full description of the study site, see Barthel et al. (2008). The

portion of the river above the two study sites is known as the
Ragged Chutes, a 1 km area of very steep and turbulent flow
(including barrier falls with a height of over 2 m) that pre-
vents substantive upstream migration of SMB out of the site.
The lower end of the lake site, the outflow of Miller’s Lake,
consists of a short series of substantial waterfalls that likely
restrict both upstream and downstream migration by SMB.
As aresult, we have treated the populations of SMB in the two
sites within the study area as separate but with some mini-
mal mixing. We treat the overall population (both study sites
combined) as a closed, self-sustaining population, with negli-
gible natural immigration and emigration. In addition, there
was no stocking of any black bass species into the study area
during the 25 years of the study. Because the study area is rela-
tively isolated from human populations, it receives very little
fishing pressure, particularly during the black bass spawning
season (early May through early July). During this period for
each year of the study, we were regularly present conducting
research and observed angling activity to be extremely low,
i.e., we never encountered anglers in the river site, and less
than three boats per year in the lake site, all of which were
at the inflow falls fishing for species other than SMB). Besides
SMB, the fish community in the study area includes rock bass
Ambloplites rupestris (Rafinesque, 1817), pumpkinseed Lepomis
gibbosus (Linnaeus, 1758), northern pike Esox Lucius Linnaeus,
1758, walleye Sander vitreus (Mitchill, 1818), and a number of
cyprinid minnow species.

Monitoring reproductive activity: for this study, the littoral
zones of the river (1990-2015) and the lake sites (1998-2015)
were surveyed by teams of snorkelers every 3-5 days through-
out the approximately 8-week reproductive season (early May
though early July), i.e., the beginning of egg deposition un-
til the end of parental care. During 2002, however, a series
of unprecedented spring floods during the spawning season
precluded safe and effective snorkeling. Because data collec-
tion was not possible during much of that season, the 2002
spawning surveys and the corresponding 2003 recruitment
surveys were eliminated from the study. Aside from during
the flood event, the water in both the river and the lake
was very clear (Secchi disk readings of over 5m), allowing
us to see the substrate down to levels below 5 m. During the
spring nesting surveys, snorkelers visually located SMB nests,
marked them with a numbered tile, and recorded their lo-
cations on detailed maps of the lake and river sites. When
first encountering a nest, the snorkeler recorded nest depth,
a visual estimate of male total length using a 12 in. measur-
ing standard put in the nest for accuracy (Suski and Philipp
2004), the developmental stage of the brood (used to back cal-
culate the spawn date; Philipp et al. 1985), and mating success
(a categorical score from 1 to 5 based on brood size, as de-
scribed below). When a previously located nest was revisited
during subsequent surveys (every 3-5 days), snorkelers docu-
mented the presence/absence of the nest-guarding parental
male, identified the developmental stage of the brood, and
confirmed or amended the assessment of the mating success
score.

Individual male mating success (egg score): determination
of male mating success (i.e., the number of fertilized eggs in
the nest) followed procedures previously reported for large-
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mouth bass (Stein and Philipp 2015). For that, snorkelers as-
signed a categorical egg score for the number of eggs de-
posited in the male’s nest that ranged from a low of one to a
high of five, based on the spread (diameter), patchiness (hor-
izontal clustering), and saturation (vertical clustering) of the
egg mass in each nest (Table 1). The egg scores from multi-
ple visits to a single nest during the snorkeling surveys had
low variability among observations, with <5% of subsequent
visits showing a change in egg score. Those drops were al-
ways observed between the initial assignment of egg score
and when the fry in the nest turned black and were very easily
quantified. Those decreases were invariably caused by abnor-
mally low-hatching percentages for that brood because one
or both sets of gametes were less than fully viable. In those
cases, we used the updated egg score to calculate the repro-
ductive success of that nest. Once the broods reached the free-
swimming stage, their numbers remained exceptionally con-
stant throughout the rest of the parental care period. The fact
that the density of brood predators in these two study areas
was low certainly contributed to that stability in numbers.
Individual nesting success: to determine whether each nest
was successful or not, the presence/absence of the guarding
parental male and the developmental stage of the brood at
each tagged nest was recorded every 3-5 days. Each nest/male
was classified as successful only if the guarding male was
present all the way until the brood reached the independent
brown fry stage; they were considered unsuccessful if the
parental male abandoned his brood or was removed from
it prior to the brood reaching independence. The indepen-
dent brown fry stage is characterized as when an individual
fry replaces its uniform black coloration with a brown col-
oration and vertical darker brown bands, much like the col-
oration of adult SMB. Once they developed that full adult-like
color pattern, they were considered independent from the
parental male, i.e., they could recognize predators and avoid
them (Brown 1984, 1985), a period that took 4-6 weeks post-
fertilization, depending upon water temperatures.
Individual reproductive success: an individual male’s re-
productive success is defined as the number of offspring that
survive to become independent from their parental male.
That number of offspring is calculated from the observed
mating success (egg score) for each brood using the conver-
sion factors shown in Table 2. To avoid impacting the nests in-
cluded in this study, those conversion factors were developed
for SMB using nests outside of the study area, i.e., in Opini-
con Lake, ON, using procedures previously reported for large-
mouth bass (Stein and Philipp 2015). Specifically, snorkelers
located active SMB nests and assigned a categorical egg score
(1-5) to each nest as described above. Snorkelers then moni-
tored each nest until the embryos developed into newly free-
swimming fry (FSF), when they were easily observed swim-
ming immediately above the nest area in a tight school of
small black fry guarded by the male. At this point in brood
development, snorkelers collected all the fry in the brood us-
ing a Fubaeli Fry Net, a triangular landing net that had been
modified by replacing the standard net material with 0.5 mm
mesh Nytex screen and replacing the bottom of the net ma-
terial with a polystyrene powder funnel (150 mm diameter at
the top) using silicone sealant. A 1L polystyrene solution bot-
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tle was affixed to the narrow end of the funnel via compres-
sion fit, and the bottle was modified by cutting sections out of
the side of the bottle and replacing them with Nytex screen to
permit water drainage while capturing the FSF. A triangular
frame was chosen for the net to maximize capture efficiency
when sweeping the net near the surface of the substrate. To
collect FSF from each nest, a snorkeler made a series of slow,
sweeping passes with the net in a figure eight pattern imme-
diately above the nest substrate to herd individuals into tight
groups for easy capture. Once FSF were contained within the
net, the net was slowly raised and the rim held above the sur-
face while keeping the mesh submerged to protect captured
offspring. The side of the net was then washed down with
lake water to concentrate larvae in the collection bottle (sim-
ilar to methods used with a plankton net). The collection bot-
tle was then removed from the net, and all FSF were decanted
into a graduated cylinder. Second and third passes over the
nest with the net were performed, at which point no fry were
observed remaining above the nest. The collected FSF were al-
lowed to settle to the bottom of the cylinder (15-30s), and the
volumetric measurement of the entire brood was recorded in
milliliters. The total number of FSF in each brood was enu-
merated using a standard subsampling method whereby the
number of FSF in three 10 mL aliquots of settled FSF deter-
mined the average number of FSF per settled millilter vol-
ume. The entire brood of FSF was then released back into the
lake just above their nest, at which time they resumed swim-
ming and the parental males resumed guarding them. FSF
counts were conducted on a total of 58 SMB nests sampled
(9-14 nests for each egg score of 1-5). The FSF count for each
egg score (and 95% confidence limit) was determined as the
mean of the counts from all experimentally sampled nests as
described above (Table 2).

FCS (population-wide reproductive success): annual FCS
was determined for each study site (river and lake) separately
by summing the reproductive success values for all individ-
ual males that completed parental care for their broods. FCS,
therefore, is defined as the total number of fry that survived
to independence across all of the successful nests for each
study site each year. Unsuccessful nests were assigned an in-
dividual reproductive success score = 0. Excluding the flood
year, 2002, FCS was calculated for the river site for each year
from 1990 to 2015 and for the lake site for each year from
1998 to 2015.

Annual recruitment: we define annual recruitment as the
number of offsprings that reach 1 year of age (i.e., age 1+).
Relative annual recruitment for SMB was assessed for each
year class produced from 1990 to 2015 by conducting a sec-
ond set of snorkel surveys in the year after each respective
spawning season, from late July through late August (from
1991 to 2016). For example, the relative recruitment for the
2000-year class (those fish spawned in the spring of 2000) was
determined from the snorkel surveys conducted during the
summer of 2001. For that, snorkelers swam the entire shore-
line of either the lake or river site independently from one an-
other, traveling at a steady rate of about 2 km/h in a line that
paralleled the shoreline at a depth of 1.5-2 m that was usu-
ally about 2—4 m from shore. During those swims that lasted
about 2 h, the snorkelers counted the number of age 1+ SMB
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Table 1. Characteristics of the spawned egg mass that distinguish each level of
the egg scoring system used in the current study.

Egg Score Diameter (in) Patchiness Saturation

1 6-8 Spaces between eggs No saturated areas

2 8-10 Few dense patches No saturated areas

3 10-12 Some dense patches Few saturated areas
4 12-15 Many dense patches Some saturated areas
5 > 15 Many dense patches Many saturated areas

Note: Diameter is an indication of the overall spread of eggs across a nest; patchiness describes the extent
to which eggs are clumped together (horizontal clustering); and saturation describes the extent to which
eggs have been deposited on top of each other (vertical clustering).

Table 2. Mean number of free-swimming fry (FSF)
(+standard deviation and standard error, with 95% confi-
dence limits) produced in experimentally sampled success-
ful smallmouth bass Micropterus dolomieu nests of each egg
score 1-5.

Egg Score N Mean fry SD SE 95% CI
1 12 330 111 32 70
2 13 760 215 60 130
3 11 1320 209 63 140
4 13 1940 335 93 202
5 9 2720 462 154 355

(easily identified to species and age by their orange, black,
and white tricolor caudal fins and a 50-100 mm TL size class),
producing an assessment of the relative annual recruitment
of SMB spawned the previous year. A total of 8-12 visual as-
sessments were conducted by 2—4 different snorkelers on at
least 4 different days each year, and the relative annual re-
cruitment for the previous year class was determined for each
study site as the average number of age 1+ SMB juveniles
observed during each full snorkel survey. Obviously with a
study period that lasted over 25 years, the swimmers varied
from year to year. Continuity in scoring/counting, however,
was assured by having two of the co-authors (D. Philipp and J.
Claussen) actively participate in the nesting and recruitment
snorkel surveys every year.

Climate: NAO and ENSO indices are based on oceanic shifts
in air pressure between Iceland and the Azores (NAO) or the
extent of Pacific Equatorial warm sea surface temperatures
(ENSO). They have broad influences on weather conditions
(Hurrell et al. 2003) and affect both terrestrial (Wan et al.
2022) and aquatic ecosystems (Straile et al. 2003). The influ-
ence of winter NAO and ENSO can have lagged effects on pop-
ulations (e.g., Halkka et al. 2006; Suski and Ridgway 2007;
Zipkin et al. 2010; Wan et al. 2022).

Monthly or winter time series of NAO and ENSO climate
indices were collected, respectively, from the University of
East Anglia Climate Research Unit (NAO; https://crudata.ue
a.ac.uk/cru/data/nao) and National Ocean and Atmospheric
Agency (ENSO; https:/[www.cpc.ncep.noaa.gov/products/preci
p/CWlink/MJO/enso.shtml). Positive NAO and ENSO indicate
strengthening warm conditions that is important for SMB
nest success (Suski and Ridgway 2007) and overwinter sur-

vival prior to age 1 (Fry and Watt 1957; Shuter et al. 1980).
NAO and ENSO data were not normalized (nor adjusted based
on a reference time period). Winter NAO and ENSO in year,
were used as covariates in models estimating FCS produced
in year,. Winter NAO and ENSO in year, , ; were used in com-
bination with FCS from year, to assess their relative roles in
the counts of age 14+ SMB. We applied winter NAO and ENSO
indices for year, . ; models of counts because winter severity
has been shown to affect first-year survival and early cohort
size of SMB (Shuter et al. 1980; Shuter and Ridgway 2002).
Winter climate indices capture the winter severity known to
affect the population ecology of terrestrial and aquatic organ-
isms (Stenseth et al. 2003; Straile et al. 2003; Durant et al.
2007).

Data analysis: all data on FCS and counts of age 1+ bass
were standardized (z-scores; (X; — Xmean) /SD) because detec-
tion and counts of SMB fry at nest sites and in the follow-
ing summer for age 1+ bass differed in methodology and
scale (i.e., 1000s for bass at nests; 10s for age 1+ bass counted
by swimmers the following year). Models with standardized
covariates allow for direct comparisons of coefficients as
standard deviation units when explaining results. For stan-
dardized data, O represents the mean of variables used in
analyses. All model covariates have been italicized to distin-
guish them from similarly labelled descriptors. For climate
indices, covariate labels for winter in year, are NAO_yearx
and ENSO_yearx, and for winter in yeary;;, NAO_yearx+1
and ENSO_yearx + 1. The relationship evaluated in this study
was the relative strength (model ranking and parameter sig-
nificance) of FCS in yeary (i.e., fry_cohort) in predicting age 1+
SMB in yeary 1 (i.e., agel+_count), with or without climate
indices as covariates. Because the survey area was consistent
throughout the study, total nest count (i.e., total_nests) and
successful nest count (i.e., success_nests) for each year were
also standardized. Nest counts (total and successful) were in-
cluded in the analyses to determine the strength of these met-
rics in accounting for FCS and age 1+ abundance.

A general relationship between male size and nest tim-
ing in SMB (Ridgway et al. 1991; Lukas and Orth 1995) sug-
gested that seasonal timing of nesting might potentially be
important in FCS and age 1+ abundance. As a result, mean
Julian date (Julian_day) of spawning and mean spawning sea-
son duration (spawn_dur; in days of the season=Ilast nest
DOY — first nest DOY) for each year were also standardized. In-
corporating these covariates provides for an evaluation of the
seasonal timing of nesting on patterns in FCS and abundance
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of age 1+ bass. Lake or river temperature data were not con-
tinuously recorded in each year of the study, so degree-days
could not be used as a covariate. Seasonal timing covariates
are correlated and reflect spring warming rate (r=—0.25 in
this study; Ridgway and Friesen 1992) and so were never in-
cluded in the same model to reduce collinearity. Only one or
two covariates were evaluated in any single model because of
limited years in the time series and possible collinearity.

Analyses were done wusing general linear models
(ﬂfry,cohort OR agel+_count = Bo+B1+ ﬂZ) in the R paCkage
Bayesian regression models using Stan (Burkner 2017).
Stan is a probabilistic programming language capable of
modeling a wide range of functions (Carpenter et al. 2017;
Stan development team 2017). For each model, four chains
were run, each with 2000 total iterations with the first
1000 as a burn-in period (not included), resulting in a to-
tal of 4000 posterior samples. The Rhat=1.0 statistic was
used to assess convergence (Rhat> 1.0 if chains do not
converge to a common distribution; Gelman and Rubin
1992). Models were compared using the Bayesian leave one
out (LOO) cross validation procedure and the leave one out
information criterion (LOOIC) (“leave one out information
criterion” = —2 x ELPD; expected log-pointwise predictive
density; Vehtari et al. 2017). Model selection follows the
same conventions as model selection using AAIC but differs
in that LOOIC (ALOOIC < 3.0) is based on all data (and has an
accompanying standard error), whereas AIC is based on data
summaries. Lake and river sites were analyzed separately
because of potential differences in seasonal processes such
as ice formation, ice-cover duration, scouring, and spring
warming that can potentially affect SMB recruitment (e.g.,
Shuter et al. 1980). Significance of model parameters was
assessed based on whether 95% credible intervals covered 0
(i.e., not significant) or were either positive (above 0) or nega-
tive (below 0). We model-averaged those parameters found to
be significant (above or below 0) in any model set using the
functions “posterior_average” for s and predictions of ei-
ther fry_cohort or agel+_count in plots using “pp_average”.
Model weights for averaging were based on LOOIC. We
include Bayesian R? values for top models (Gelman et al.
2019). Bayesian R? is data-based and cannot be interpreted
as improving fit normally associated with frequentist R2
(variance of predicted valuesfvariance of the data). Bayesian
R? is an estimate of the proportion of variance explained for
new data as a prior expectation of future outcomes should a
study continue.

Results

Data from snorkeling surveys for quantifying reproductive
activity in the spring and snorkeling surveys for quantify-
ing relative recruitment in late summer the following year
are summarized for the river site (Table 3) and the lake site
(Table 4) of the study area. Over the 25-year duration of this
study, excluding 2002 in which a flood prevented data col-
lection, we monitored a total of 3109 SMB nests, 2082 in the
river site from 1990 to 2015, and 1027 in the lake site from
1998 to 2015.
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Timing of the egg-laying period: although the average date
of first eggs laid was 19 May in the lake site and 20 May in the
river site (Tables 3 and 4), it ranged from as early as 11 May (in
1998) to as late as 1 June (in 1997). In fact, the 1998 egg-laying
period (first eggs laid to last eggs laid in a year), which lasted
11-25 May, ended six days earlier than when the first eggs
were laid the previous year (1 June). The duration of the egg-
laying period was as short as 13 days (in 2011) and as long as
25 days (in 2000). Although there was temporal variation in
the onset and duration of the egg-laying periods across the
years of the study (Figs. 1A and 2A), in any given year the egg-
laying periods at the two sites were similar in their timing;
that is, comparing the two sites (river vs. lake), the onset and
duration of egg laying differed by no more than 1 day in any
given year (Tables 3 and 4).

Nesting activity/success: the total number of nests con-
structed that received at least some eggs also varied greatly
across years in both sites (Figs. 1B and 2B). For each of the
years in which we monitored both the lake site and the river
site (1998-2015), there were more total nests in the river site
than in the lake site, with an overall annual average of 83
nests (SD = 29.6, range = 37-142) in the river site compared to
an average of 60 nests (SD = 16.8, range 30-97) in the lake site.
The number of successful nests (i.e., those nests where males
successfully raised broods to independence) was also higher
in the river site compared to the lake site, with an overall av-
erage of 62 successful nests (SD = 22.5, range = 30-114) in the
river site compared to 50 successful nests (SD =14.2, range
27-87) in the lake site (Figs.1C and 2C). Finally, the annual
nesting success (% of total nests that were successful at rais-
ing broods) varied substantially across the years as well, from
a high of 94% to a low of 44% in the river site and a high of
94% to a low of 65% in the lake site (Figs. 1D and 2D).

FCS: FCS fluctuated widely across years. Levels of successful
fry production varied among years almost six-fold in the river
site (Fig. 1E), from a low of 20200 in 2010 to a high of 115 300
in 2006 and almost four-fold in the lake site (Fig. 2E), from a
low of 34400 in 2011 to a high of 111 000 in 2001.

Annual recruitment: relative annual recruitment, deter-
mined by visual counts of 1-year old individuals observed dur-
ing summer snorkel surveys, varied substantially across years
for both sites (Tables 3 and 4), ranging from 21 to 111 in the
river site and from 30 to 124 in the lake site.

Relationship between Nesting success and FCS: Bayesian re-
gression model for the lake and river sites were partitioned
into those predicting FCS or predicting age 1+ counts. For
both lake and river sites, the number of successful nests
(i.e., those with broods reaching independence) as a single
covariate, or combined with a seasonal timing parameter
(spawn_dur for the lake site; Julian_day for the river site),
were top models and were within the top-ranked models for
both lake and river model sets (Table 5). For the lake site, cli-
mate indices alone or with success_nests were ranked low,
while for the river site, ENSO_DJF was included in the second
rank model (Table 5).

The parameter estimates in the top models incorporating
success_nests from Table 5 show a significant success_nests
effect for both the lake and river sites (Table 6). Slopes describ-
ing the relationship between success_nests and fry_cohort
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Table 3. Results of the 1990-2015 smallmouth bass Micropterus dolomieu snorkel surveys in the river site (Mississippi River).

Number of total Number of nests (%) FCS
Year nests successful (number of fry) #1+ SMB observed Date of 1st spawn Days of egg laying
1990 37 33 (89%) 35300 22 28 May 18
1991 63 55 (87%) 42600 24 15 May 13
1992 70 57 (81%) 51100 56 23 May 20
1993 43 30 (70%) 28900 28 31 May 15
1994 73 56 (77%) 80200 93 31 May 16
1995 105 88 (84%) 95500 39 23 May 16
1996 75 66 (88%) 79300 39 25 May 23
1997 72 60 (83%) 89800 111 1 June 14
1998 74 64 (86% 62400 69 11 May 14
1999 63 59 (94%) 60300 34 13 May 18
2000 82 36 (44%) 25200 21 20 May 25
2001 94 65 (69%) 70700 71 17 May 20
2003 69 64 (93%) 82300 83 18 May 22
2004 78 72 (92%) 72300 52 16 May 22
2005 130 114 (88%) 101 600 78 21 May 16
2006 141 110 (78%) 115300 107 14 May 20
2007 104 90 (86%) 48900 36 17 May 15
2008 142 68 (48%) 71300 36 19 May 24
2009 131 61 (47%) 58 800 46 17 May 21
2010 58 37 (64%) 20200 24 13 May 20
2011 40 30 (75%) 52400 61 26 May 13
2012 82 49 (60%) 65400 53 19 May 20
2013 63 38 (60%) 26 300 33 21 May 21
2014 87 78 (90%) 71800 65 28 May 16
2015 106 77 (73%) 80400 79 24 May 16
Total 2082 1557 1588300 NA
Average 83.3 62.3 63532 54.3 20 May 18.3
SD 29.6 22.5 26111 26.5

Note: Data shown include direct counts by snorkelers of the total number of smallmouth bass nests, as well as the number and percentage of those nests that were
successful in producing independent broods. The annual fry cohort size (FCS) for the river site (the number of independent fry produced from all successful nests) was
calculated as described in methods using means of fry counts sampled for each egg score to determine the number of fry from each successful nest and then summing
those fry numbers across all successful nests for that year. Relative recruitment (the number of 1+ smallmouth bass observed during the summer snorkel surveys of the
entire shoreline of the site) was determined directly from the summer snorkel survey counts. The onset and duration of egg laying (i.e., the actual spawning component

of the reproductive season) are provided as well.

were positive and overlapping for lake and river sites but
steeper for the river site. Credible intervals for the suc-
cess_nests slope parameter at the river site included 1.0 but
not for the lake site (Table6). The parameter ENSO_DJF in
the second-ranked model was not significant. Considering
the high ranks for models with success_nests and a seasonal
timing parameter and low-rank or non-significant parameter
estimates for models with climate indices, we conclude the
contribution of climate indices in the preceding winter had
little effect on within-year fry cohort production at the pop-
ulation level.

As a result, a unit increase in the number of successful
nests in both sites results in a near unit increase in FCS with
the river site providing a stronger match between the two
variables based on a steeper slope and credible intervals cov-
ering 1.0. From the top models, the seasonal timing covariate
for the lake site (spawn_dur) was not significant (CI covering
0; Table 6), but the seasonal timing covariate for the river site
(Julian_day) was positive and significant (CI not covering 0;
Table 6). The positive coefficients point to later seasonal nest-

ing with a shorter duration of spawning days as assisting total
fry production.

Because success_nests was in almost all top models
(ALOOIC < 3.0), we model averaged success_nests across all
ranked models in Table 5 to generate a general estimate of the
relationship between success_nests and fry_cohort. For both
sites, this relationship was positive and significant, indicat-
ing that increasing numbers of successful nests result in in-
creased FCS. For the lake site, the model-averaged coefficient
(85 95% credible intervals) for success_nests (8 = 0.575; 0.246,
0.913) was lower than that for the river site (8 =0.789; 0.554,
1.023). The relationships predicting FCS based on the model-
averaged number of successful nests (i.e., success_nests) for
lake and river sites are summarized in Figure 3. Because data
were standardized, 0 represents the mean of each variable.
The relatively greater strength of this relationship for the
river site, when compared to the lake site, can be seen by
the narrower credible intervals and greater slope.

Relationship between FCS and recruitment: model perfor-
mance of lake and river sites showed that FCS, as a predictor
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Table 4. Results of the 1998-2015 smallmouth bass Micropterus dolomieu snorkel surveys in the lake site (Millers Lake).

Number of total ~ Number of nests (%) ECS Number of 1+ SMB
YEAR nests successful (number of fry) observed Date of 1st spawn Days of egg laying
1998 47 43 (91%) 54 000 60 11 May 14
1999 60 54 (90%) 62600 72 13 May 18
2000 71 57 (80%) 65300 31 20 May 25
2001 97 87 (89%) 111000 124 17 May 20
2003 63 59 (94%) 87900 57 18 May 22
2004 42 39 (93%) 52900 70 17 May 21
2005 70 58 (83%) 76 500 84 21 May 16
2006 64 45 (70%) 55700 74 14 May 20
2007 50 40 (80%) 48200 65 17 May 15
2008 52 48 (92%) 53200 47 19 May 24
2009 84 52 (62%) 51100 81 17 May 21
2010 41 30 (73%) 45700 52 14 May 19
2011 63 41 (65%) 34400 30. 26 May 13
2012 30 27 (90%) 43800 43 19 May 20
2013 53 44 (83%) 39000 39 21 May 21
2014 62 53 (85%) 60500 72 28 May 16
2015 78 67 (86%) 73500 70 21 May 14
Total 1027 844 1015300 NA
Average 60.4 50 (83%) 59724 63 19 May 18.8
SD 16.8 14.2 19040 22.9

Note: Data shown include direct counts by snorkelers of the total number of smallmouth bass nests, as well as the number and percentage of those nests that were
successful in producing independent broods. The annual fry cohort size (FCS) for the lake site (the number of independent fry produced from all successful nests) was
calculated as described in methods using means of fry counts sampled for each egg score to determine the number of fry from each successful nest and then summing
those fry numbers across all successful nests for that year. Relative recruitment (the number of 1+ smallmouth bass observed during the summer snorkel surveys of the
entire shoreline of the site) was determined directly from the summer snorkel survey counts. The onset and duration of egg laying (i.e., the actual spawning component

of the reproductive season) are provided as well.

of age 1+ counts in the year following nesting, was included
in all top-ranked models and for several models below the
top-ranked model (Table 7). FCS alone is the top-ranked model
for the lake site with seasonal spawning covariates included
in second- and third-ranked models. For the river site, FCS
and models with seasonal spawning covariates were ranked
lower than models where climate indices were included and
resulted in the top-ranked models. Climate indices clearly
have a different influence between lake and river sites in con-
tributing to age 1+ counts.

For the lake site, climate indices were low-ranked with no
support when alone or in combination with fry_cohort. Co-
efficients (Bs) for climate indices were not significant in the
lake model set (Table 8). In contrast, coefficients for climate
indices were significant and positive for the top-ranked mod-
elsin the river model set (Table 8). For the river site, this result
points to the influence of climate indices in the winter after
fry cohorts are produced and before age 1+ counts are made
in the field the following summer.

For lake and river sites, slopes describing the relationship
between the FCS and age 1+ bass were positive, similar (lake
and river sites: ;> 0.70), and significant, with 95% credi-
ble intervals, including 1.0 in all but one model (Table 8).
Bayesian R? estimates for the lake and river sites point to an
expectation of good model performance for new data relating
fry_cohort to agel+_count (Table 8; Bayesian R% ~ 0.5-0.65).

Because fry_cohort was significant and in the top models
predicting agel+_count (ALOOIC < 3.0), we model-averaged
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fry_cohort across all ranked models in Table7 to generate
a general estimate of the relationship between fry_cohort
and agel+_count. For both sites, this relationship was
positive and significant, indicating that an increase in
FCS results in increased counts of age 1+ bass. For the
lake site, the model-averaged coefficient (8; 95% credi-
ble intervals) for fry_cohort (8 =0.700; 0.278, 1.113) over-
lapped with that of the river site (8 =0.788; 0.485, 1.091).
The relationship predicting age 14 counts based on the
model-averaged FCS (i.e., fry_cohort) for lake and river
sites are summarized in Fig.4. Again, as in Fig.3, the
river site has narrower credible intervals than the lake
site.

Examining a sample of successive years in Fig. 4, which in-
cludes years with the largest residuals, reveals important dif-
ferences between the two sites. First, large residuals at each
site did not occur in the same year. Secondly, the relative
position of successive years and their residuals differed be-
tween the two sites. The relationship between FCS and age 1+
count index at the lake site swung widely in the 2001-2003
period (2002 is excluded; see Methods), whereas this pattern
occurred in the river site during the 1995-1998 period (see
Fig. 4). Site-specific differences in the effects of climate indices
(Tables 7 and 8) between river and lake sites suggest that abi-
otic processes influencing river cohorts of young SMB differ
from those processes in lakes, perhaps both in kind and scale
of effect since climate indices were relatively unimportant in
the lake site.
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Fig. 1. Annual smallmouth bass Micropterus dolomieu spawn-
ing characteristics (1990-2015) for the river site. Each panel
shows the relative values across the study years for the fol-
lowing metrics: (A) date of onset of spawning (Julian date of
first eggs laid), (B) total number of nests that received eggs,
(C) number of nests that successfully produced broods that
developed to independence, (D) percentage of nests that pro-
duced successful broods, and (E) relative annual recruitment
in number of 1+ smallmouth bass counted in snorkel surveys
of total shoreline.

150 A
145 -
< 140 A
135 1
130
120 A
m 90 1
60 1
100 A
®) 751
50 1

90 1
80 1
o) 701
60 1
50 1

120000
90000
60000
30000+
1990 1995 2000 2005 2010 2015
YEAR
Discussion

It is widely accepted that a long list of environmental fac-
tors can influence annual recruitment in fish species (see
Beverton and Holt 1957; Walters and Martell 2004). It is also
clear that recruitment is a very complex process, particu-
larly for fish species that have obligatory parental care like
the SMB for which extended paternal protection from brood
predators is necessary for early offspring survival (Brown
1984, 1985; Ridgway et al. 1989; Gross 2005; Cooke et al. 2006;
Barthel et al. 2008). From the outset, however, our premise
has been that for SMB many of these environmental drivers

Fig. 2. Annual smallmouth bass Micropterus dolomieu spawn-
ing characteristics (1998-2015) for the lake site. Each panel
shows the relative values across the study years for the fol-
lowing metrics: (A) date of onset of spawning (Julian date of
first eggs laid), (B) total number of nests that received eggs,
(C) number of nests that successfully produced broods that
developed to independence, (D) percentage of nests that pro-
duced successful broods, and (E) relative annual recruitment
in number of 1+ smallmouth bass counted in snorkel surveys
of total shoreline.
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could be influencing spawning and early parental care activi-
ties, thereby affecting recruitment very early in the life cycle
by impacting reproductive success. If that is the case, then
reproductive success across the population may be an accu-
rate predictor of recruitment and as a result is more of a fo-
cal target for management. Specifically, our hypothesis pro-
poses that the annual recruitment of age 1+ SMB depends
on the annual FCS, i.e., the total number of fry produced
in the population that survived beyond the parental care
period to become independent of their guardian parental
male. Environmental influences on age 1+ recruitment as
represented by climate indices have been shown to be in-
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Table 5. Model selection results for models predict-
ing smallmouth bass Micropterus dolomieu fry cohort
size of the form By _conort = Bo + 1+ 2.

Model covariates LOOIC ALOOIC

Lake
success_nests + spawn_dur 43.79 0
success_nests 44.80 1.01
total_nests 45.01 1.22
success_nests + ENSO_yearx 46.27 2.48
success_nests + Julian_day 46.34 2.55
success_nests + NAO_yearx 46.89 3.10
ENSO_yearx 54.54 10.75
NAO_yearx 54.83 11.04

River
success_nests + Julian_day 45.36 0
success_nests + ENSO_yearx 48.11 3.45
success_nests 49.20 3.84
success_nests + spawn_dur 51.09 5.73
success_nests + NAO_yearx 51.73 6.37
total_nests 62.34 16.98
ENSO_yearx 73.83 28.47
NAO_yearx 74.62 29.26

Note: Lake and river sites were analyzed separately. Covariates were
standardized except for NAO and ENSO indices. NAO_yearx and
ENSO_yearx represent winter NAO and ENSO indices, respectively.

fluential at this latitude (Suski and Ridgway 2007) but how
influential relative to FCS has now been assessed in this
study.

The current 25-year study on the reproductive history of
two SMB study populations in eastern ON was designed to
test our hypothesis, and the results of the study clearly sup-
port it; annual recruitment, defined as the number of 1+
individuals, (agel+_count) in both SMB populations were
tightly correlated with annual FCS (i.e., the number of in-
dependent fry produced; fry_cohort). Using general indices
of adult abundance fails to serve as a surrogate for FCS be-
cause the number of actual breeding adults is often only
a small and variable proportion of the overall number of
adults in the population (Raffeto et al. 1990; Ridgway et al.
1991; Franckowiak et al. 2017). Furthermore, even the to-
tal number of nests does not occur in any of the top-ranked
models accounting for FCS (Table 5), meaning that using ei-
ther total adult abundance or total numbers of nests built
(or both) as a surrogate for reproductive success does not
have sufficient power to detect an influence on recruitment.
In addition, it takes substantial effort to gather data from
enough years to build a robust time series database capa-
ble of assessing these types of relationships, and conclu-
sions based on short time series can often be misleading
(Weatherhead 1986; May 1999). Unfortunately, long-term eco-
logical research studies are uncommon (Franklin 1989) de-
spite their ability to reveal ecological mechanisms and pat-
terns that would otherwise go unnoticed (Magnuson 1990;
Lindenmayer et al. 2012). The study reported herein in-
volved collecting data that required 25 years of snorkel-
ing.
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The inclusion of climate indices (winter NAO; winter
ENSO), previously shown to be important parameters in nest
survival for SMB (Suski and Ridgway 2007) and more widely
in other vertebrate populations (Wan et al. 2022), influenced
ranking models predicting counts of age 1+ bass but only
when they were combined with fry_cohort. Because both cli-
mate indices alone ranked low with little to no weight in
model selection, they are not important at predicting recruit-
ment as single covariates. Suski and Ridgway (2007) (their
fig. 2) showed the influence of positive values of winter NAO
and ENSO on thermocline depth (deepening) and lake tem-
perature gradient (shallowing) through the epilimnion and
metalimnion during the following summer. In turn, these
temperature effects influenced individual nest survival and
presumably FCS of the population. In the current study, cli-
mate indices for the winter after the formation of a fry co-
hort (the first winter for the juvenile SMB) were important
only for the river site by contributing to fry cohort size as
a predictor of age 1+ counts (Tables?7 and 8). Climate In-
dices did not contribute to better predictions at the lake site
(Tables 5 and 6). This outcome likely reflects a difference be-
tween river and lake populations of SMB in the kind and
severity of abiotic factors that they experience in their first
year of life. Positive coefficients for the climate indices at the
river site (Table 8) suggest that abiotic factors such as wind
and its implications for winter severity, ice stability, spring
flows, wind chill, or snow cover may influence age 1+ counts
in rivers more substantially than in lakes (Suski and Ridgway
2007).

As a corollary to our main hypothesis, we propose that re-
ductions in the reproductive success of individual male SMB,
including nest destruction from storms (Goff 1986) or hu-
man activities (Wagner et al. 2006), arrested development of
the embryos from cold temperatures, (Philipp et al. 1985),
overwinter severity (Shuter et al. 1980), as well as angling-
induced disruptions to the male’s parental care (Philipp et al.
1997; Cooke et al. 2000; Suski et al. 2003; Hanson et al. 2007;
Steinhart et al. 2008; Zuckerman and Suski 2013; Zuckerman
et al. 2014; Stein and Philipp 2015), would result in a re-
duction in that population’s FCS. That reduction would then
cause a concomitant reduction in the recruitment of 1+ in-
dividuals the following year. Such a result would have clear
implications for angling and its management.

The results of an extraordinarily serendipitous experiment
made possible by the recent (and hopefully singular) COVID
pandemic confirmed that such a result is indeed the case
(Philipp et al. 2022). That study compared for both SMB and
largemouth bass the annual FCS (i.e., the number of indepen-
dent fry produced at the population level) with recruitment
of age 1+ juveniles in years before (2019), during (2020-21),
and after (2022) the pandemic in Opinicon Lake, ON. Dur-
ing the pandemic, in May-June of 2020 and 2021, foreign
tourists were prohibited from entering Canada, local cot-
tagers were discouraged from visiting their vacation homes
to reduce strain on rural health care facilities, and most boat
ramps and marinas were closed. As a result, angling during
the bass spawning season was almost non-existent in many
lakes within the area. Conversely, the angling pressure on
nesting male bass was extremely high in 2019 before the pan-
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Table 6. Model parameters (95% credible intervals, CI) for the top models predicting smallmouth bass Micropterus dolomieu fry

cohort size at nest sites (fry_cohort) for lake and river sites (model selection in Table 5).

Models

Bo

b1

B2

Bayesian R?

Lake
Int + success_nests + spawn_dur
Int + success_nests

—0.191 (—0.584, 0.215)
—0.178 (—0.601, 0.258)

0.592 (0.265, 0.914)
0.558 (0.219, 0.883)

0.245 (—0.159, 0.654)

0.505 (0.176, 0.667)
0.446 (0.095, 0.629)

River
Int + success_nests + Julian_day
Int + success_nests + ENSO_DJF
Int + success_nests

—0.0001 (—0.231, 0.231)
—0.0116 (—0.253, 0.226)
—0.0013 (—0.241, 0.245)

0.791 (0.558, 1.020)
0.795 (0.549, 1.037)
0.766 (0.512, 1.021)

0.262 (0.026, 0.490)
—0.148 (—0.393, 0.101)

0.692 (0.509, 0.773)
0.649 (0.454, 0.741)
0.623 (0.402, 0.728)

Note: Bayesian R? is an estimate of the proportion of variance explained for new data (95% credible interval). Model covariates and corresponding parameter estimates

are provided in sequence using the form By conort = Bo + B1 + Ba-

Fig. 3. The model-averaged relationship between the number
of successful nests (success_nests) and cohort size of young

smallmouth bass Micropterus dolomieu (fry_cohort). Model av-
eraging was across all models with success_nests (8, 95% cred-
ible intervals) as a covariate. Cohort size was determined
at late-stage parental care: 1998-2015 for the lake site (top
panel; 8 =0.575 (0.246, 0.913)) and 1990-2015 for the river

Table 7. Model selection results for models predicting the
number of age 1+ smallmouth bass Micropterus dolomieu of
the form ,Bagel +_count = Bo + B1+ Ba.

site (bottom panel; 8 =0.789 (0.554, 1.023)).

™~ - Lake

L]

Number of fry (Standardized)

-1 0

o™ - River

Number of fry (Standardized)

Model covariates LOOIC ALOOIC

Lake
fry_cohort 42.60 0
fry_cohort + spawn_dur 43.68 1.08
fry_cohort + Julian_day 43.99 1.39
fry_cohort + ENSO_yearx + 1 44.55 1.95
success_nests + Julian_day 44.75 2.15
success_nests 44.93 2.33
fry_cohort + NAO_yearx + 1 45.92 3.32
total_nests + Julian_day 46.06 3.46
total_nests 47.26 4.66
success_nests + spawn_dur 48.33 5.73
total_nests + spawn_dur 50.91 8.31
ENSO_yearx + 1 51.38 8.78
NAO_yearx +1 54.23 11.63

River
fry_cohort + NAO_yearx + 11 50.96 0
fry_cohort + ENSO_yearx + 1 52.36 1.40
fry_cohort 55.13 4.17
fry_cohort + Julian_day 55.48 4.52
fry_cohort + spawn_dur 55.86 4.90
success_nests + Julian_day 66.73 15.77
success_nests 69.83 18.87
ENSO_yearx + 1 19.79
success_nests + spawn_dur 70.90 19.94
total_nests + Julian_day 72.14 21.18
total_nests 73.11 22.15
total_nests + spawn_dur 73.11 22.15
NAO_yearx +1 74.17 23.21

-1 0

-
N

Number of successful nests (Standardized)

demic and also in 2022 when tourists returned. As our hy-
pothesis predicted, the annual FCS and annual recruitment
of age 1+ fish for the year classes during two non-pandemic

10

Note: Lake and river sites were analyzed separately. All covariates were
standardized except for NAO and ENSO indices. NAO_yearx+1 and
ENSO_yearx + 1 represent winter NAO and ENSO indices in the winter prior
to age 1 counts, respectively.

years (2019 and 2022) was almost zero, whereas those values
for the two pandemic years when angling pressure was low
(2020-21) were the highest ever recorded since records began
in 1990.
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abundance in year x + 1 (age1+_count) for lake and river sites (model selection in Table 7).

Models Bo

B1

B2

Bayesian R?

Lake
Int + fry_cohort
Int + fry_cohort + spawn_dur
Int + fry_cohort + Julian_day

0.0017 (—0.387, 0.402)
0.0004 (—0.379, 0.388)
0.0065 (—0.377, 0.392)

0.704 (0.314, 1.10)
0.733 (0.330, 1.114)
0.708 (0.295, 1.117)

—0.214 (—0.618, 0.199)
—0.178 (—0.586, 0.248)

0.468 (0.131, 0.650)
0.515 (0.193, 0.672)
0.504 (0.180, 0.668)

River
Int + fry_cohort + NAO_yearx + 1
Int + fry_cohort + ENSO_yearx + 1
Int + fry_cohort
Int + fry_cohort + Julian_day

—0.130 (—0.401, 0.149)
—0.009 (—0.261, 0.237)
—0.003 (—0.279, 0.287)
—0.0006 (—0.280, 0.280)

0.827 (0.553, 1.104)
0.718 (0.420, 0.998)

0.226 (0.037, 0.417)
0.237 (0.006, 0.468)

0.648 (0.444, 0.744)
0.623 (0.420, 0.725)

(

(
0.774 (0.486, 1.105)
0.758 (0.479, 1.055)

0.553 (0.297, 0.685)

0.190 (—0.091, 0.501) 0.588

Note: Bayesian R? is an estimate of the proportion of variance explained for new data (95% credible interval). Model covariates and corresponding parameter estimates

are provided in sequence using the form Bage1+_count = Bo + B1 + Ba-

Fig. 4. The model-averaged relationship between cohort size
of young smallmouth bass Micropterus dolomieu under late-
stage parental care (fry_cohort) and total abundance of age
1+ smallmouth bass the following year (age1+_count). Model
averaging was across all models with fry_cohort (8, 95% cred-
ible intervals) as a covariate. Abundance of age 1+ bass was
based on summer index survey swims: 1998-2015 for the lake
site (top panel; 8 =0.70 (0.278, 1.113)) and 1990-2015 for the
river site (bottom panel; § =0.788 (0.485, 1.091)).
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We argue that the results from our current study combined
with past studies support the supposition that angling for
nesting bass can have a negative impact on the size of the co-
hort of independent fry produced that year, and that would
then translate into a reduction in population-wide annual re-
cruitment. We and others (Philipp et al. 1997; Cooke et al.
2000; Suski et al. 2003; Hanson et al. 2007; Steinhart et al.
2008; Zuckerman et al. 2014) have previously demonstrated
that angling an individual nesting male bass reduces its re-
productive success to zero if that male is harvested or even
released in a way that causes the male to abandon its nest
(e.g., released some distance from his nest or after some time
has elapsed). That reduction in reproductive success is the re-
sult of partial-to-total predation of the brood (Zuckerman and
Suski 2013; Stein and Philipp 2015). Males that have suffered
a substantial enough loss of brood make the evolutionary de-
cision (Williams 1966) to abandon the remaining brood when
its fitness value has decreased to the point where it is better to
wait until future breeding opportunities rather than invest in
the current brood (Zuckerman et al. 2014). Even if the male
does return and resumes parental care, there is often some
loss of offspring to predation by surrounding predators dur-
ing his absence (Philipp et al. 1997; Gravel and Cooke 2009;
Stein and Philipp 2015) or from the lack of aeration of egg-sac
fry during the temporary absence of the parental male (Scott
and Crossman 1973; Neves 1975).

Admittedly, our studies have for the most part been
restricted to populations located close to their northern
extreme. As a result, how applicable these results are to
populations farther south where seasonal climate conditions
are quite different is currently unknown and certainly begs
more research. Studies of Florida bass M. floridanus (Lasueur,
1822) populations (Rogers and Allen 2009; Allen et al. 2011;
Shaw and Allen 2014, 2016; Trippel et al. 2017) have mea-
sured many of the same spawning and recruitment metrics
that we used in this study. This species shares many parental
care behaviors and life history traits with its close relative,
the largemouth bass, as well as with its more distantly
related relative, the SMB, but has a climatically very different
native range (peninsular FL). Florida bass have adapted some
of their spawning characteristics to the longer growing
seasons encountered in FL, i.e., a greatly extended duration
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of the egg-laying period (first eggs spawned until last eggs
spawned), lasting from January through May (a period as
long as 150 days or more) across much of its range. The SMB
egg-laying period in our study populations was as short as
13 days and no longer than 25 days. Compared to the more
northerly populations of SMB in our study, an extended
spawning season provides the Florida bass with a much
greater window for re-nesting and re-spawning following an
unsuccessful first (or even second or third) attempt. Although
studies in FL reported levels of nesting success and repro-
ductive success among individual males similar to what we
observed; the relationship between reproductive success and
recruitment was not so clear. The fact that Florida bass also
produced multiple broods through the season with reduced
brood sizes relative to the more northerly largemouth bass
(Sutter et al. 2014) may indicate they employ a somewhat
different life history strategy.

That said, our results are unlikely to be simply strange
or unique to a fringe population located in some atypical
habitat. It is more likely that any population of black bass
could suffer substantive reductions in annual recruitment
of 1+ age individuals when the level of disturbance to its
reproductive effort via any natural or human-induced reason
(including angling) is high enough to markedly reduce in-
dividual reproductive success across many individuals and,
therefore, the FCS of that population. We would urge natural
resource agencies to investigate that possibility in their
areas. Furthermore, for populations where recruitment is
found to be reduced or non-existent and some form of man-
agement intervention is desired, the protection of spawning
bass offers a long-neglected alternative to stocking hatchery
fingerlings to “correct a missing year class”. This type of
creative and evidence-informed approach has the potential
to revolutionize the management of recreational fisheries
(Brownscombe et al. 2019) and may be overdue within the
bass management community.
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