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Abstract

Habitat introductions are often implemented in aquatic systems
to meet fishery management goals. Conifer trees have been used to
augment spawning habitat for Yellow Perch Perca flavescens to sup-
port and suspend their unique egg skeins above the lake bottom in
hopes of increasing reproduction and recruitment; however, little is
known about the influence of tree characteristics on the reproductive
success of Yellow Perch. Our objective was to evaluate the effects of
tree complexity on the skein deposition and survival rates of Yellow
Perch. In February 2020, 30 eastern red cedar Juniperus virginiana
trees were manipulated to one of five complexities (from 1 = least
complex [all branches removed] to 5 = most complex [all branches
retained]; n = 6 per complexity) and placed on the ice. After ice-off
and tree submersion, we conducted snorkeling surveys every 2 d from
March 31 to May 5, 2020, and recorded the number and viability of
the skeins. We observed 35 Yellow Perch egg skeins. Yellow Perch
preferred to deposit their egg skeins on tree complexities 4 and 5,
whereas deposition on tree complexities 1, 2, and 3 was random. The
nest survival models estimated that skeins that were deposited on
tree complexities 1, 2, and 5 had a 27-d survival estimate of (.07
95% CI=0.06 to 0.08) that was lower (f=-1.29; 95% CI
= —2.32 to —0.27) than that for skeins that were deposited on com-
plexities 3 and 4, with a survival estimate of 0.48 (95% CI = 0.43 to
0.52). Our results indicate that Yellow Perch prefer to deposit their
egg skeins on intermediate cedar tree complexities that resulted in
increased skein deposition and survival. Given our results, once
introduced trees have deteriorated below an intermediate complex-
ity, managers should consider supplemental introductions of more
complex trees that benefit the reproduction of Yellow Perch.

For a species to naturally persist in an environment,
successful reproduction is necessary. In many fish species,
reproduction consists of deposition and fertilization of

eggs, an incubation period, and hatching into the larval
stage (Moyle and Cech 2016). The survival of fertilized
eggs is a crucial component of reproduction and can be
influenced by various biotic and abiotic environmental
variables (Dahlberg 1979; Pepin 1991; Haddy and Pan-
khurst 2000), predation (Baily and Houde 1989; Paradis
et al. 1996; Steinhart et al. 2004), and habitat characteris-
tics (Fitzsimons 1995; Bardonnet and Bagliniere 2000;
Hickford et al. 2010). Suitable habitat is an important ele-
ment of spawning success in a myriad of fish species,
including Lake Trout Salvelinus namaycush (Marsden and
Krueger 1991; Claramunt et al. 2005), Walleye Sander vit-
reus (Raabe and Bozek 2012), Muskellunge Esox masqui-
nongy (Nohner and Diana 2014), Bluegill Lepomis
macrochirus (Gosch et al. 2006), Black Crappie Pomoxis
nigromaculatus (Phelps et al. 2011), and Yellow Perch
Perca flavescens (Craig 2000). The absence of suitable
spawning habitat may have negative consequences for nat-
ural reproduction (Lapointe et al. 2014), and in extreme
cases it can result in the extirpation of a species where it
was once a sustained population (Dombeck et al. 1984).
Habitat availability in aquatic systems is highly vari-
able (Kovalenko et al. 2012; Tokeshi and Arakaki 2012;
Herb et al. 2014), with system-specific characteristics con-
tributing to potential spawning habitat deficiency. When
suitable habitat is not available, managers often choose to
introduce habitat with the goal of increasing spawning
success (Geiling et al. 1996; Roni et al. 2008). Habitat
introductions are justified by a myriad of conditions,
intended for a wide range of fish species and life stages,
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and encompass several habitat types (e.g., rock, plant, soil,
synthetic, or a combination of these; Taylor et al. 2019).
Substantial resources are allocated toward aquatic habitat
rehabilitation activities (Bernhardt et al. 2005; Barletta
et al. 2010; Lusk et al. 2012), making our understanding
of these practices economically important. Habitat cre-
ation has been directly linked to increases in spawning fish
and egg life stages (i.e., nests, eggs, or developing
embryos; Taylor et al. 2019) as well as increases in fish
biomass (Smokorowski and Pratt 2007). Yet, habitat types
contain inherent variation that may influence their effec-
tiveness for a particular species and desired management
goal (Taylor et al. 2019), as different species can display
an affinity for particular habitat types. For instance,
Coastal Cutthroat Trout Oncorhynchus clarkii and Coho
Salmon Oncorhynchus kisutch in British Colombia streams
preferred gravel-cobble-rather than boulder-bed-sized sub-
strate (Kondolf and Wolman 1993; Rosenfeld et al. 2000)
but Burbot Lota lota in Lake Michigan selected rubble
substrate rather than bedrock ridges (Edsall et al. 1993).
Furthermore, stocked juvenile Muskellunge selected
intermediate-complexity coarse woody habitat more often
than low- and high-complexity coarse woody habitat in an
Illinois reservoir (Wagner et al. 2015), whereas Black
Crappie in an Illinois small impoundment selected short
vegetation at a low density over other potential habitat
combinations for their nest sites (Phelps et al. 2011). Con-
sequently, understanding species-specific habitat require-
ments is crucial for habitat introductions to be successful.

Yellow Perch require suitable environmental conditions
to successfully reproduce that includes appropriate habitat
(Henderson 1985; Carlander 1997). Suitable spawning
habitat for Yellow Perch consists of boulders and gravel,
rigid macrophytes, tree roots, submerged trees, and sub-
merged branches (Scott and Crossman 1973; Fisher et al.
1996; Craig 2000). Yellow Perch lay a unique egg mass
(hereafter, referred to as a “skein”) that can be up to 2.1
m in length and 0.1 m in width that is deposited and ide-
ally entangles on a structure (Scott and Crossman 1973).
This entanglement is vital to embryonic success, as opti-
mal skein fertilization and proper oxygen supply occur
when the skein is extended (Reyes et al. 1992; Hart et al.
2006; Ward et al. 2012). Furthermore, proper entangle-
ment mitigates the negative effects of wind on Yellow
Perch skeins that can cause damage by dislodging and
transporting them to less desirable sites (Clady and
Hutchinson 1975; Clady 1976).

Some aquatic systems have limited or are void of suit-
able spawning habitat for Yellow Perch (e.g., shallow
windswept lakes and ponds with increased turbidity and
decreased vegetation). When adequate spawning structures
for Yellow Perch are sparse, managers may choose to
introduce supplemental habitat with the goal of increasing
reproduction. The use of habitat enhancement for Yellow

Perch reproduction has been investigated, but it is chal-
lenging to assess and has resulted in variable success (Day
1983; Fisher 1996; Hanchin et al. 2003). Part of the varia-
tion among studies may be due to the different types of
habitat additions and complexities that have been used, as
Yellow Perch can be selective when considering spawning
structures (Fisher et al. 1996; Robillard and Mardsen
2001) and the location of skein deposition can influence
skein survival (Huff et al. 2004). Conifer trees are fre-
quently used as introduced spawning habitat for Yellow
Perch because they are readily available (Hanchin et al.
2003) and have complex branching (Mangan et al. 2005).
Woody habitat is also an important component of repro-
ductive success for Yellow Perch (Sass et al. 2006). How-
ever, these structures vary considerably in their complexity
at the time of addition (Hanchin et al. 2003) and can lose
branch complexity quickly after being placed within a
water body (Willis et al. 2010). Trees with complex
branching may positively affect egg skein survival by
favoring adequate entanglement, whereas trees with lim-
ited branching complexity may result in little or no entan-
glement, resulting in reduced skein survival. Yet, little is
known regarding how habitat complexity affects the depo-
sition or survival of Yellow Perch skeins, which has impli-
cations for habitat enhancements that are designed to
benefit Yellow Perch reproduction. Therefore, determining
the types of spawning habitat that are preferred by Yellow
Perch and how those preferences affect egg survival are
critical to maximizing habitat enhancements and develop-
ing self-sustaining populations.

Our overarching objective was to evaluate the deposi-
tion and survival of Yellow Perch egg skeins as a function
of coniferous tree complexity. We had two specific
research questions: (1) do Yellow Perch select certain tree
complexities to deposit their skeins, and (2) does tree com-
plexity influence skein survival? Insights from this research
will provide valuable information for fisheries managers
who are introducing coarse woody habitat to an aquatic
system to benefit Yellow Perch populations.

METHODS

Study system.— Dickcissell Lake is a 5.3-ha small
impoundment located in Boone County, Iowa, USA.
Dickcissell Lake has a gradually sloping shoreline, a mean
depth of 2.3 m, and a maximum depth of 3.7 m, and it lies
in a watershed that primarily consists of agriculture. The
lake contains a limited amount of coarse woody habitat
that was introduced by the Iowa Department of Natural
Resources (Iowa DNR) over the past 10 years. The pre-
dominant aquatic vegetation in Dickcissell Lake is coon-
tail  Ceratophyllum  demersum, but sago pondweed
Stuckenia pectinata and muskgrass Chara spp. are also
present. Game fish include Yellow Perch, Largemouth
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Bass Micropterus salmoides, and Channel Catfish Ictalurus
punctatus.

Habitat additions.— In February 2020, we placed 30
eastern red cedar Junmiperus virginiana trees (hereafter,
“trees”) on the ice at Dickcissell Lake for the habitat addi-
tion. We harvested trees from nearby public land that ran-
ged from 2.1 to 2.4 m in height and from 1.1 to 1.4m in
width at their widest points. After harvest, the trees were
manipulated with a chainsaw to five different complexities
ranging from 1 as the least complex (all branches
removed) to 5 as the most complex (all primary and sec-
ondary branches remaining; the classification was adapted
from Mallory et al. 2000; Wagner et al. 2015; Figure 1).
We placed the trees in groups of two of the same com-
plexity level (1-5), resulting in 15 tree groups (experimen-
tal unit) and three replicates per treatment (complexity
level). The locations for the tree groups were predeter-
mined using ArcGIS 10 (version 2.0.20) by converting a
polyline circle to 15 equidistant points within the littoral
zone (Gorr and Kurland 2013), establishing 15 tree groups
around the inside perimeter of the lake. The tree group
locations around the lake were used to account for the
demic structure of Yellow Perch populations (Aalto and
Newsome 1989, 1993), and tree groups rather than indi-
vidual trees were used to allow for a higher probability of
encounter (Hanchin et al. 2003). We placed all of the tree
groups in 1.8 m of water to mitigate the negative effects of
solar radiation on skein survival (Williamson et al. 1997,
Huff et al. 2004) and to eliminate depth as a confounding
factor. Depth was determined by using an ice flasher
(Humminbird Ice 35) after cutting a hole in the ice with
an auger. We adjusted the tree groups from the predeter-
mined location to find the correct depth by traveling per-
pendicular to the shoreline until the desired depth was
located. Due to the homogenous slope of the lake bottom,
we only adjusted seven of the tree groups from the origi-
nal locations, with a 3.1-m maximum adjustment distance.
We anchored the trees with a 41 x20cm (~16kg) cinder
block that was attached to their base with 9-gauge galva-
nized fencing wire and spaced them 1.5m apart at their
widest points to avoid overlapping branches or the poten-
tial loss of available spawning habitat. We randomly
assigned tree complexities to each tree groups location.

Snorkeling and skein survival estimates.— Snorkeling
took place when the water temperature reached 8°C (i.e.,
the lower limit of spawning temperature for Yellow Perch;
Craig 2000) and occurred every 2 d from March 31, 2020,
to May 5, 2020. Snorkeling did not occur from April 13,
2020, to April 20, 2020, due to cold water temperatures
(5.9-7.1°C). On each snorkeling occasion, we visually
inspected all of the trees for skeins. If we found a new
skein, it was marked by attaching a numbered binder clip
to a branch in close proximity, making each skein individ-
ually identifiable for the remainder of the spawning

season. Viability estimates (the percentage of viable eggs)
continued throughout all of the snorkeling occasions until
embryonic development had reached terminus. We esti-
mated skein viability as the percentage of viable eggs
remaining in the skein (nearest 10%), which was deter-
mined by a visual observation while snorkeling. We con-
sidered milky or opaque eggs to be dead and transparent
eggs to be viable (Hart et al. 2006). One individual con-
ducted all of the snorkeling surveys to mitigate issues per-
taining to inherent human variability of viability
estimates.

Statistical analyses.— The selection of tree complexities
for egg skein deposition was determined by using a modi-
fied version of the linear food selection index (L; Strauss
1979) that substitutes habitat for fish diets (see Fisher
et al. 1996). The index is calculated as

L=ri—p;

where r; is the proportion of tree groups with complexity i
with skeins present, and p; is the proportion of tree groups
with complexity i available. The L value ranges from —1
to 1, with 0 indicating neutral or random selection.
Because we introduced equal proportions of habitat and
did not compare them with other natural structures, the
value of L ranges from —0.2 to 0.8, with values below 0.3
indicating avoidance and above 0.3 indicating preference.
Variance (s°; Strauss 1979) of L was calculated as

PL — ri(l —r) +Pi(1 —Pi).
n, 1y

Daily skein survival was analyzed with Program
MARK (White and Burnham 1999), using a nest survival
model (Dinsmore et al. 2002) to generate maximum likeli-
hood estimates of daily survival rates. Although nest sur-
vival models were originally designed for avian research,
fisheries researchers have implemented them to assess nest
success of Smallmouth Bass Micropterus dolomieu in Lake
Michigan (Kaemingk et al. 2011) and Ontario, Canada
(Suski and Ridgway 2007). The nest survival models
assume the following: (1) the nests are correctly aged when
they are first encountered, (2) the nest fates are correctly
determined, (3) the nest discovery and nest checks do not
influence survival, (4) the nest fates are independent, and
(5) there is homogeneity of daily nest survival rates (Dins-
more et al. 2002).

The nest survival models require that each “nest” (in
this instance, an individual egg skein) be assigned success
or failure on each sample date. In avian research, nest suc-
cess is defined as >1 egg hatched regardless of clutch size
(Dinsmore et al. 2002). However, it is more challenging to
determine nest success for species that can produce
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FIGURE 1. Images of trees that were introduced into Dickcissell Lake, Iowa, in February of 2020 that were manipulated to five complexities: (A)
complexity 1=branches and twigs completely absent, few or no stubs remaining of main branches; (B) complexity 2 =almost all branches absent,
remaining primary branches are only stubs with twigs absent; (C) complexity 3 =most primary and all secondary branches absent, some stubs and
parts of primary branches remain, twigs absent; (D) complexity 4 =most primary and secondary branches remain, some twigs remain; and (E)
complexity 5=foliage remains, all primary and secondary branches remain, most twigs remain. The classification for structural complexity was

adapted from Mallory et al. (2000) and Wagner et al. (2015).

millions of eggs in a single spawning event (Burton and
Burton 2018). The results of research regarding in situ
skein survival estimates for Yellow Perch are wide rang-
ing (e.g., from 7.7% [Clady 1976] to >96% survival
[Williamson et al. 1997]), and skein viability estimates by

visual observations of a snorkeler are challenging. There-
fore, a survival benchmark that produces a realistic stan-
dard for a snorkeler to correctly estimate is essential. We
deemed all skeins that sustained viability estimates at 50%
or more as successful and skeins that fell below 50%
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survival as failures. We also evaluated survival bench-
marks that were lower (30%) and higher (60%) than 50%
to test how a range of success metrics affected our results.
The model results at a benchmark of 30% skein survival
were identical to those from models at the 50% bench-
mark. At 60% survival, the number of successful nests
decreased to five, hindering our ability to construct more
complex models containing tree complexities. However,
despite the limited sample size, the top model from the
30% and the 50% benchmarks remained the same in this
model set. Thus, we determined that a survival benchmark
at 50% provided an accurate depiction of skein success
and that egg skein survival thresholds had little effect on
our ability to assess the effect of tree complexity.

Four sampling occasions over 7 d were missed due to
cold water temperatures in the middle of the spawning
season. This event may have caused a violation of the
assumption of obtaining a correct age for each skein, as
all of the skeins (n=4) that were deposited during this
period could not be aged precisely and were consequently
assigned an age of zero when they were discovered. This
may have decreased the daily survival estimates for these
skeins, as they may have been older than their assigned
age. Additionally, three previously discovered skeins were
found to be failures in the snorkeling survey following the
missed sampling occasions. The nest survival models use
the probability of surviving between intervals (1-S) to esti-
mate the daily survival of failed nests (Dinsmore et al.
2002). With the time interval between sampling occasions
extended, the daily survival estimates for these three skeins
may have been biased high. To evaluate the potential
effects of the missed sampling occasions on model order
and skein survival estimates, alternative input files con-
taining different assigned ages (4- and 7-d change) for the
skeins in question were created and used to rerun all mod-
els in Program MARK. After rerunning all of the models
with the new input files, the most supported model was
unchanged and the discrepancy in survival estimates were
negligible (<0.01). Therefore, we believe the missed sam-
pling occasions had a minimal influence our results.

We developed a set of a priori hypotheses to evaluate
factors that may influence the survival rates of Yellow
Perch skeins. The factors included groups of five complex-
ities of introduced trees (1 =least complex [Com 1], 5=
most complex [Com 5]), time (#), and constant survival (.).
Once the most supported model was established, we calcu-
lated skein survival for a documented incubation period
that was similar to our sampling duration (27 d; Mansueti
1964; Craig 2000) by exponentiation of the daily survival
rate by 27. Next, we used the delta method to calculate
95% confidence intervals for the point estimate (Powell
2007). Competing hypotheses were stated as models using
the logit link function and compared using Akaike’s infor-
mation criterion corrected for small sample size (AIC

Burnham and Anderson 1998), AAIC., model weight
(W;), model likelihood, number of parameters (K), and
deviance.

RESULTS

Skein Deposition Selectivity

Across all groups and tree complexities, 35 Yellow
Perch skeins were observed (complexity 1 tree groups=1
skein, complexity 2 tree groups=3 skeins, complexity 3
tree groups=10 skeins, complexity 4 tree groups=11
skeins, and complexity 5 tree groups=10 skeins). The
mean number of skeins per tree group ranged from 3.7
(£95% CI=3.0 to 4.3) for tree complexity 4 to 0.3 (£95%
CI=0 to 1.0) for tree complexity 1 (Figure2). Yellow
Perch displayed selection for tree complexities 4 and 5 but
used tree complexities 1, 2, and 3 in proportion to their
abundance (Figure 3).

Skein Survival

A total of 9 (26%) of the 35 observed skeins remained
at or above the 50% threshold and were successful (Table
1). The majority (five skeins; 56%) of successful skeins
were deposited on complexity 4 tree groups, with three
(33%) successful skeins on complexity 3 groups, and one
(11%) on complexity 5 groups (Table1). Yellow Perch
deposited skeins throughout the sampling period (Table 1).

A total of 15 candidate models were evaluated compar-
ing the effects of tree complexity on the daily survival of
Yellow Perch skeins (Table 2). Three models had AAIC,
values that were less than 2.0 and w, greater than 0.12,
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FIGURE 2. Mean (£95% CI) number of Yellow Perch skeins deposited
on introduced tree groups that were manipulated to five complexities
(e.g., 1 =least complex, 5=most complex) in Dickcissell Lake, Iowa,
from March 31 to May 5, 2020.
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FIGURE 3. The linear selection index (L; £95% CI) for Yellow Perch
from March 31 to May 5, 2020, for five tree complexities (e.g., 1 =least
complex, 5S=most complex) that were introduced into Dickcissell Lake,
Towa. A value <0.3 indicates avoidance, a value >0.3 indicates
preference, and 0.3 (noted by horizontal line) indicates neutral or random
selection.

providing similar levels of support in explaining skein sur-
vival (Table2). Models 4 through 15 contained AAIC,
values greater than 3.0 and w, less than 0.07, indicating
little support (Table 2). The most supported model indi-
cated that skeins that were deposited on tree complexities
1, 2, and 5 (hereafter, referred to as “low and high tree
complexities”) had lower daily survival rates than did
skeins that were deposited on tree complexities 3 and 4
(hereafter, referred to as “intermediate tree complexities”;
p=-1.29; 95% CI=-2.32 to —0.27). The second-ranked
model (AAIC,.=1.86) suggested that skeins that were
deposited on the low and high tree complexities (
=-1.40; 95% CI=-2.58 to —0.28) and complexity 3 (
=-0.37; 95% CI=-2.10 to 1.35) had lower daily skein
survival than complexity 4; however, the effect size for
complexity 3 was small and the slope was not different
from zero. Finally, the third-ranked model (AAIC.=1.93)
indicated that skeins that were deposited on tree complexi-
ties 1 and 2 had lower daily survival than those deposited
on complexity 5 (p=-0.25; 95% CI=-1.67 to 1.18); how-
ever, the effect size was small and the slope was not differ-
ent from zero. Model 3 also suggested that skeins that
were laid on intermediate tree complexities had higher
daily survival than those that were laid on complexity 5
(p=1.23; 95% CI=0.14 to 2.33).

Based on estimates from the top-ranked model, the
daily survival rate for skeins that were deposited on low
and high tree complexities was 0.91 (95% CI=0.84 to
0.95), while that for skeins that were deposited on inter-
mediate tree complexities was 0.97 (95% CI=0.94 to
0.99). The differences in daily survival estimates were

amplified for cumulative skein survival to the 27-d incuba-
tion period. For instance, cumulative 27-d survival for
skeins that were deposited on low and high tree complexi-
ties was 0.07 (95% CI=0.06 to 0.08), while cumulative
survival of skeins that were deposited on intermediate tree
complexities was 0.48 (95% CI=0.43 to 0.52).

DISCUSSION

Understanding the effectiveness of introduced habitat
can guide management decisions to be more productive,
both ecologically and economically. Our results indicate
that the structural complexity of trees influenced both
skein deposition and egg survival in Yellow Perch. Infor-
mation regarding selection for and survival of skeins on
introduced habitat in Yellow Perch provides insight into
the most efficacious manner to administer habitat addi-
tions that are directed at improving spawning success.

Tree complexity influenced the selection of spawning
habitat by Yellow Perch. The mean number of deposited
skeins was 3 to 11 times greater for intermediate and
high-complexity tree groups than for low-complexity tree
groups. Furthermore, the linear selection index indicated
that Yellow Perch selected for intermediate- and high-
complexity tree groups but not for low-complexity tree
groups. The number of deposited Yellow Perch skeins can
vary from 0.13 skeins per tree (Day 1983; Hanchin et al.
2003; Mangan et al. 2005) to 5.4 skeins per tree (Fisher
1996; Mangan et al. 2005). This is comparable to the
mean number of skeins that we observed on our tree
groups. Additionally, Eurasian Perch Perca fluviatilis
deposits skeins on complex structures rather than other
available substrates (Snickars et al. 2010; Cech et al. 201 1;
Westrelin et al. 2018). This range in observed skein depo-
sition in the current and existing research suggests that
Yellow Perch are selective when they are choosing spawn-
ing structures and appropriate structures can considerably
increase deposition on suitable habitat. That Yellow Perch
displayed increased selection for complex trees in our
study suggests an affinity for more complicated structures.
Therefore, the addition of complex trees may increase the
selection of introduced habitat by Yellow Perch, poten-
tially leading to increased reproductive success that
accomplishes the objective of introduced habitat.

Despite a preference for depositing skeins on complex
trees, our most supported model indicated that daily and
cumulative survival rates for skeins that were deposited on
trees of the highest complexity were similar to survival on
the least complex trees and lower than skeins that were
deposited on intermediate tree complexities. Although the
second- and third-ranked models contained alternative
complexity groupings from the top model, both support
the findings of the top model as indicated by the non-
significant beta estimates among groups. Decreased
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TABLE 1. Estimated skein viability on introduced cedar trees for Yellow Perch in Dickcissell Lake, Iowa, from March 31 to May 5, 2020, as a func-
tion of tree complexity group and sample day. A 50% viability benchmark deemed skeins a success (S) or failure (F) after their last observation. An X
indicates that a skein that is not yet observed or a missed sampling occasion (days 15-21).

Sample day
Skein ID Complexity group 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37
1311 1 X X X X X X X X X X X 700 F F F F F F
111 2 X X X X X X X X X X X 9 9 8 70 50 30 F F
112 2 X X X X X X X X X X X 9 9 8 80 70 20 F F
121 2 100 90 9 8 8 8 80 X X X X 20 F F F F F F F
211 3 X X 100 90 8 70 70 X X X X 70 70 70 S S S S S
212 3 X X X X X X X X X X X 9 60 60 S S S S S
221 3 X X X X X 100 90 X X X X 80 8 80 60 60 50 40 F
223 3 X X X X X X X X X X X X 80 8 8 0 F F F
1111 3 100 90 90 90 O F F F F F F F F F F F F F F
1112 3 99 90 9 90 90 8 8 X X X X 8 50 40 F F F F F
1113 3 X 100 90 9 9 9 90 X X X X 70 50 30 F F F F F
1114 3 X X X X 100 100 80 X X X X 60 50 50 S S S S S
1121 3 X 100 90 9 8 8 70 X X X X 60 50 40 F F F F F
1122 3 X X X 100 80 8 8 X X X X 8 70 40 F F F F F
311 4 X X 100 90 9% 90 80 X X X X 70 50 50 S S S S S
312 4 X X X X 9 9 90 X X X X 80 8 80 70 60 60 40 F
321 4 X X 100 80 70 0 F F F F F F F F F F F F F
322 4 X X X X X X 99 X X X X 60 60 60 0 F F F F
1011 4 X X X 9% 8 8 8 X X X X 70 70 70 50 S S S S
1021 4 99 90 9 90 8 80 70 X X X X 60 60 40 F F F F F
1022 4 X 9 9 9 90 9 8 X X X X 60 60 50 S S S S S
1411 4 X X X X X X X X X X X X 50 50 40 30 30 20 F
1421 4 X 100 90 9 8 70 70 X X X X 70 60 60 S S S S S
1422 4 X X 100 100 70 70 70 X X X X 70 70 60 S S S S S
1423 4 X X X 100 9 8 70 X X X X 70 60 10 F F F F F
611 5 X X 100 90 9 9 90 X X X X 8 8 40 F F F F F
612 5 X X X 100 100 90 90 X X X X 20 F F F F F F F
621 5 X X X 100 90 8 O F F F F F F F F F F F F
622 5 X X X X 100 90 90 X X X X 8 70 70 60 40 10 F F
911 5 8 70 70 70 70 70 70 X X X X 0 F F F F F F F
912 5 X 9 & 20 F F F F F F F F F F F F F F F
913 5 X 9 8 8 70 70 70 X X X X 0 F F F F F F F
914 5 X X X X X X X X X X X X X 100 9 80 80 50 10
921 ) 100 0 F F F F F F F F F F F F F F F F F
1521 5 X X X X X X X X X X X 9 8 70 70 S S S S

survival on low tree complexities may be explained by the
position of the trees in the water column. Low-complexity
tree groups lacked the primary and secondary branching
that elevated the more complex trees above the substrate.
The majority of each low-complexity tree group was close
to the lake bottom. This absence of separation resulted in
large portions of deposited skeins on low-complexity trees
that were lying directly on the substrate rather than the
tree. Yellow Perch skeins that were deposited on the lake
bottom displayed lower survival than did those that were

deposited on vegetation (Smith et al. 2001), likely due to
decreased oxygen levels from siltation or infection by
microorganisms (Wootton 1998).

The skeins that were deposited on the most complex
trees did not suffer the aforementioned issues of bottom
contact, but they still displayed lower survival than did
those that were deposited on intermediate tree complexi-
ties. Although the mechanism is different, skeins that were
laid on tree complexity 5 may have also incurred egg mor-
tality that was associated with oxygen depletion. For the



8 GRAUSGRUBER ET AL.

TABLE2. Nest survival models used to estimate survival (S) of Yellow Perch egg skeins in Dickcissell Lake, Iowa, from March 31, 2020, to May 5,
2020, using 50% egg skein survival as the nest success benchmark. The effects included groups of five complexities of introduced trees (1 =least com-
plex, 5=most complex; Com 1, Com 2, Com 3, Com 4, Com 5), time (7), and constant survival (.). The model comparisons were based on AIC,,
AAIC,, model weight (W;), model likelihood, number of parameters (K), and deviance; vs. = versus.

Model AIC, AAIC, 24 Model likelihood K Deviance
S(Com 1=2=5vs. Com 3=4) 96.40 0.00 0.33 1.00 2 92.36
S(Com 1=2=5vs. Com 3 vs. Com 4) 98.26 1.86 0.13 0.39 3 92.19
S(Com 1=2 vs. Com 3=4 vs. Com 5) 98.32 1.93 0.13 0.38 3 92.25
S(Com 1=2=3=4vs. Com 5) 99.56 3.17 0.07 0.21 2 95.53
S(Com 1 =2 vs. Com 3=5 vs. Com 4) 99.80 3.40 0.06 0.18 3 93.73
S(Com 1=2=3vs. Com 4 vs. Com 5) 99.81 3.41 0.06 0.18 3 93.74
S(Com 1 =2 vs. Com 3 vs. Com 4 vs. Com 5) 100.20 3.80 0.05 0.15 4 92.07
S(.) 100.82 4.43 0.04 0.11 1 98.81
S(Com 1=2=3=4=)) 100.82 4.43 0.04 0.11 1 98.81
S(Com 1 =2 vs. Com 3=4 =5) 101.15 4.76 0.03 0.09 2 97.12
S(Com 1=2=4vs. Com 3=5) 101.21 4.82 0.03 0.09 2 97.18
S(Com 1 =2=4 vs. Com 3 vs. Com 5) 101.60 5.20 0.02 0.07 3 95.52
S(Com 1=2=3vs. Com 4=05) 102.66 6.26 0.01 0.04 2 98.62
S(Com 1 =2 vs. Com 4=5 vs. Com 3) 103.04 6.64 0.01 0.04 3 96.96
S(t) 117.41 21.02 0.00 0.00 16 83.61

eggs to be properly oxygenated, Yellow Perch skeins
should be completely extended to limit overlap (Treasurer
1983). The most complex trees contain many primary and
secondary branches that may have prohibited the skeins
from fully extending. We hypothesize that this may have
caused the skeins to crease, creating areas that were not
properly oxygenated, and increased egg mortality. Ward
and Barnes (2020) observed a 52% decrease in Yellow
Perch egg survival when the skeins were overlaid on the
bottom of a 1.89-L bucket rather than supported by artifi-
cial vegetation. Consequently, decreases in skein survival
that are potentially caused by depleted oxygen supply may
be the result of trees that are either lacking or have an
overabundance of complexity, creating a Goldilocks effect
(Katz et al. 2012; Lane 2016). Therefore, skein survival
may be maximized with habitat containing an intermedi-
ate amount of interstitial space.

Beyond wood, Yellow Perch often deposit their skeins on
aquatic vegetation and other natural habitat (Scott and
Crossman 1973), but we did not compare skein deposition
and survival between natural and introduced structures.
Perca spp. have displayed tendencies to prefer hard and
complex structures for depositing their skeins (Cech et al.
2009). However, the dominant vegetation in Dickcissell
Lake is coontail, which does not have a rigid stalk to ade-
quately support skeins. Furthermore, coontail was only pre-
sent in the shallow areas (<1 m) of the lake, far from all tree
groups, minimizing any potential biotic or abiotic factors
that may have affected skein deposition site or survival.

In the current study, we observed preferences for skein
deposition and increased skein survival on particular

complexities of introduced habitat. Although this informa-
tion is beneficial for managers who are considering habitat
introductions, it does not provide evidence of an increase
in Yellow Perch reproduction or recruitment. Several bio-
tic and abiotic factors affect Yellow Perch survival in the
early life stages (e.g., Sanderson et al. 1999; Dembkowski
et al. 2017), and we did not monitor past the egg stage.
Furthermore, because we did not monitor reproduction in
the Yellow Perch population in Dickcissell Lake over sev-
eral years, we do not know whether the addition of habi-
tat increased total spawning effort or simply changed the
locations of skein deposition. However, suitable spawning
structures and factors that contribute to increased skein
survival are critical to understand when introducing habi-
tat. Finally, even egg skeins with <50% survival that were
deemed mortalities in our survival analysis still had the
potential to produce thousands of larvae that may sub-
stantially contribute to recruitment. Nonetheless, the 50%
survival benchmark for determining egg skein survival still
provided a meaningful metric that allowed us to compare
skein survival among the tree complexities.

Maximizing the benefits of tree introductions for the
reproduction Yellow Perch requires an understanding of
tree decomposition rates and the establishment of appro-
priate timelines to replace deficient habitat when it is nec-
essary. Morphological and chemical tree characteristics
result in contrasting decomposition rates when they are
introduced into aquatic systems (Bilby et al. 1999). For
instance, recycled conifer trees (e.g., Christmas trees) lost
needles and fine branching after 1 year of submersion in a
Texas reservoir (Daugherty et al. 2014), whereas the life
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span of immersed conifer trees in Idaho reservoirs is
reported to be 4 to 7 years (Mabbott 1991). Furthermore,
introduced conifer trees deteriorated to an intermediate
complexity after 5years and to a low complexity after 10
years of submersion in a small impoundment in South
Dakota (Willis et al. 2010). Our results suggest that man-
agers should routinely monitor and replace habitat when
it falls below an intermediate complexity. Therefore, avail-
able tree species that display prolonged longevity when
they are submerged may be preferred for the purpose of
increasing spawning habitat abundance for Yellow Perch.
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