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Abstract In a laboratory experiment, we quantified 
microhabitat use of small yellow-phase American eels 
(Anguilla rostrata, n = 130, 224–338 mm TL) condi-
tional on five benthic substrate types common to riv-
ers within their geographic range. During nine, 4-day 
trials replicated with three aquaria, American eels 
were given a choice to burrow into five equally avail-
able benthic substrates: cobble (90–256 mm), gravel 
(4–16 mm), sand (0.125–1 mm), silt/clay (< 0.0625 
mm), and leaf pack. Five American eels were used 
per aquarium for each trial, and individuals were used 
one time only. All eels were injected with PIT tags 
prior to the study, which allowed for determination 
of lengths and otolith-based ages of each individual 
following each trial. Leaf pack was selected with a 
significantly higher probability than other substrates 
(63 of 130 individuals). However, other substrates 
were also used (cobble, 21 of 130; silt/clay, 18 of 
130; gravel, 16 of 130; and sand, 12 of 130). Length 
and age covariates were not associated with substrate 

selection. Selection of leaf pack habitat supports the 
importance of forested riparian zones and terrestrial 
organic material to yellow-phase American eels in 
riverine systems.

Keywords Microhabitat preference · Substrate 
selection · Leaf pack · Riverine riparian zones

Introduction

The complex life history of the facultatively cata-
dromous American eel (Anguilla rostrata) includes 
occupancy of freshwater habitats (Tesch 1977; Fahay 
1978). Studies have examined the life history of 
yellow-phase eels in freshwater, including upstream 
migration and establishment of home ranges (Boze-
man et  al. 1985; Oliveira 1997; Welsh et  al. 2016). 
Yellow-phase American eels have strong nocturnal 
tendencies, commonly foraging at night, and presum-
ably seeking refuge during daytime (Meffe and Shel-
don 1988; Goodwin and Angermeier 2003; Hedger 
et al. 2010; Tomie et al. 2013). Additionally, yellow-
phase eels are known to associate with benthic habi-
tat, often spending most of their time burrowed in 
benthic substrate (Tomie et al. 2017).

Habitat studies on American eels have found a 
wide range of habitat use at broad sampling scales 
across seasons. During fall, Meffe and Sheldon (1988) 
found large American eels in muddy leafy substrates 
and small eels in muddy, sandy substrates. Goodwin 
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and Angermeier (2003) sampled from late spring 
through fall and reported high catch rates of large 
American eels in leaf pack and other organic mate-
rials. Similarly, Johnson and Nack (2013) reported 
autumnal use of leaf pack habitat in a tributary of 
the Hudson River. During summer, Ford and Mercer 
(1986) observed large and small American eels in 
soft mud bottomed substrates but also observed large 
eels in sandy substrates. Modeling studies of Smogor 
et  al. (1995) and Wiley et  al. (2004), based on data 
collected from summer through early fall, did not find 
significant habitat associations of American eels in 
relation to substrate.

Microhabitat studies, particularly laboratory 
experiments such as that of Tomie et  al. (2017), 
have been rarely conducted on substrate selections 
of yellow-phase American eels. Additional studies 
would be beneficial for understanding habitat use 
by yellow-phase eels, particularly given that popu-
lation decline is a concern for this species, and that 
the loss and alteration of freshwater habitats may 
contribute to population decline (Haro et  al. 2000; 
Casselman 2003; Drouineau et al. 2018). Studies on 
benthic habitat use have been encouraged by authors 
of review papers on population decline of the Ameri-
can eel (Castonguay et al. 1994; ASMFC 2000; Haro 
et  al. 2000), the findings of which may benefit our 
understanding of American eel ecology as well as 
conservation and management planning for the spe-
cies (ASMFC 2023). The objective of this study 
was to determine yellow-phase American eel micro-
habitat selection for or against five benthic substrate 
types. We also examined the relationship of length 
and age with microhabitat selection. Although results 
are conditionally-based on five benthic habitat types, 
information from this laboratory study may be appli-
cable to our understanding of yellow-phase American 
eel selection of riverine microhabitats, given that the 
experimental benthic substrates are common to many 
Atlantic Coast drainages.

Methods

Field sampling

A total of 150 yellow-phase American eels were col-
lected during summer (July) from an eel ladder at the 
Millville hydroelectric dam, Shenandoah River, West 

Virginia. All individuals were transported to the labo-
ratory in coolers with aerated stream water. The Mill-
ville hydroelectric dam is located approximately 9 
km upstream from the confluence of the Potomac and 
Shenandoah rivers, 100 km upstream of the Potomac 
River at head of tide, and 285 km upstream from the 
mouth of the Potomac River estuary.

Laboratory setup

Within the laboratory, the 150 American eels were 
subdivided into four holding tanks and acclimated 
to the laboratory setting prior to the substrate experi-
ment. Each holding tank system encompassed two 
378.5 L plastic tanks (132.1 × 78.7 × 63.5 cm) and 
one 378.5 L plastic sump (132.1 × 78.7 × 63.5 cm). 
Approximately two weeks before the experiment, eels 
were anesthetized with Tricaine methanesulfonate 
(MS-222) and tagged anterodorsolaterally with pas-
sive integrated transponder tags (PIT) and measured 
to the nearest mm TL (Zimmerman and Welsh 2008). 
The PIT tags provided identification for each indi-
vidual and allowed for analysis of relations among 
length, age, and microhabitat selection.

The experimental system encompassed three glass 
aquaria (473.2 L; 184.2 × 47.0 × 59.4 cm) and one 
378.5 L plastic sump (132.1 × 78.7 × 63.5 cm). Both 
the holding and the experimental systems used recir-
culation systems where water was gravity fed from 
aquaria to the sump and pumped, using a 1/8 horse-
power sequence pump, back into the aquaria. The 
water level in each aquarium was approximately 33 
cm (23 cm below the top), which prevented eels from 
escaping. Each aquarium had five equally available 
substrates in separate removable, 39.4 cm long by 
29.2 cm wide by 21.1 cm deep, plastic bins. The bot-
tom of each aquarium was covered with foam (New 
England Foam, Hartford, Connecticut; 21.1 cm deep) 
with five rectangular areas cut out to match the out-
side dimensions of the substrate bins. The 21.1 cm 
deep bins fit into the 21.1 cm deep cut outs, where 
the top of the foam was flush with the top of the bins. 
Thus, an eel had the option to occupy any of the five 
substrate bins or rest on top of the adjacent foam.

Five substrates were tested during this experiment: 
cobble (90–256 mm, measured across the longitu-
dinal axis), gravel (4–16 mm), sand (0.125–1 mm), 
silt/clay (< 0.0625 mm), and leaf pack. These five 
substrate types, obtained from the Potomac River 
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drainage, were chosen based on their commonality to 
American eel habitat in many North American riv-
ers, and because of their use in other American eel 
habitat studies (Tesch 1977; Ford and Mercer 1986; 
Meffe and Sheldon 1988; Goodwin and Angermeier 
2003). The cobble, gravel, sand, and silt/clay classi-
fications were based on a modified Wentworth grain 
scale (Wentworth 1922). The gravel, sand, and silt/
clay substrates were dried in an oven and separated 
using U.S. and metric standard testing sieves and a 
vibratory sieve shaker (Retsch GmbH., Haan, Ger-
many). The leaf pack substrate was rinsed with fil-
tered water and dried to remove mud and potential 
invertebrates. The leaf pack consisted mainly of 
maple (Acer spp.), sycamore (Platanus occidentalis), 
tulip poplar (Liriodendron tulipifera), oak (Quercus 
spp.), American beech (Fagus grandifolia) and birch 
(Betula spp.) leaves. We were concerned that one or 
more leaves from the pack could be dislodged by the 
burrowing motion of an eel, causing contamination 
of an adjacent substrate bin. To address this concern, 
we covered the leaf pack bin with a loose mesh of 
monofilament fishing line (0.11 mm diameter) which 
allowed entrance and exit of eels within the leaf 
pack.

Experimental design

The substrate use experiment (July–August) consisted 
of nine trials during which five randomly chosen eels 
from holding tanks were released into each of the 
three aquaria. On the fourth day of the trial, the sub-
strate bins were fitted with plastic lids during daylight 
hours, removed from aquaria, and inspected for the 
presence of eels. After recording counts of eel pres-
ence and PIT tag numbers, the post-trial eels were 
prepared for age determination (see methods below), 
and new individuals were released into the aquaria 
until all subsequent trials were completed.

Eels are known to have a strong sense of smell 
(Tesch 1977; Facey and Van Den Avyle 1987); there-
fore, precautions were taken to reduce an influence of 
eel scents in substrates among trials. Two sets of sub-
strates with plastic bins were used during the experi-
ment. In between the trials, substrates from the prior 
trial were spread onto a surface to dry while the sec-
ond set of substrate bins were randomly placed back 
in the aquarium for the next trial. During this time 
we revaluated the amount of substrate in each bin 

and added more to maintain equal substrate amounts 
throughout the study period. Substrates were kept at 
an approximate level of 7.6 cm from the top of the 
plastic bins, which reduced substrate losses during eel 
burrowing.

Water quality

In holding and experimental tanks, water quality was 
monitored daily for conductivity, total ammonia nitro-
gen, temperature, dissolved oxygen, unionized ammo-
nia, nitrite, hardness, alkalinity, and visual inspec-
tions of turbidity/algae. To maintain water quality, 
we used a charcoal filter in the inflow to the sump, 
ammonia was controlled by ammonia towers (bio 
balls) in the sump along with sponge-filter aeration, 
and an ultraviolet light was used to sterilize water. 
Aquarium water temperatures fluctuated between 
14–18°C. The photoperiod was 12 h of light and 12 
h of dark throughout the experiment. Eels were fed 
daily with frozen enriched bloodworms (Hikari, 
Hayward, California; San Francisco Bay Brand Inc, 
Newark, California) and brine shrimp (San Francisco 
Bay Brand Inc, Newark, California). Food was evenly 
distributed in the aquaria in an effort to not influence 
substrate bin selection.

Age determination

After aquarium experiments, PIT-tagged eels were 
euthanized for otolith removal. Ages of American 
eels were determined by counting annual rings of 
the sagittal otolith. Eel otoliths are known to con-
tain complete and incomplete false annuli (Liew 
1974; Oliveira 1996; Morrison and Secor 2003), 
and bias from false annuli was reduced by following 
aging techniques of Oliveira (1996). Sagittal otoliths 
were exposed by a lateral cut through the top of the 
head cavity. The pair of otoliths was then removed, 
cleaned of extraneous tissue, and stored in a labeled 
coin envelope for subsequent processing and analysis. 
One of each pair of otoliths was embedded in epoxy 
resin for 48 h or until hardened. The otoliths were 
transversely sectioned to an approximate 0.18 mm 
thickness using an Isomet low speed saw (Buehler 
Inc. Lake Bluff, Illinois). Sections were then etched 
for three to five minutes with 5% ethylenediamine-
tetraacetic acid (EDTA) with a pH of 6 and stained 
for two to three minutes with 0.01% toluidine blue 
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(Oliveira 1996). The stain treatment enhanced the 
accuracy of age estimation, in part because transmit-
ted light through blue opaque (summer) zones aided 
in the differentiating of false annuli. Sections were 
then read, by two independent readers, under trans-
mitted light with a stereoscope using 100 × magnifica-
tion. The two readers assessed the readability of each 
otolith using the following grades; (0 = unreadable, 
1 = low readability, 2 = mid readability, and 3 = high 
readability). This was done to aid in the finding of a 
consensus age. If a consensus age was not reached, 
due to poor readability, the otolith was rejected and 
the second otolith, if present, was prepared as stated 
above. For this study ages were represented by the 
inland years; the hyaline center (i.e., sea years) was 
not included for age determination.

Statistical analysis

Initially we conducted a Chi-square test of the 
null hypothesis that American eels were randomly 
selecting substrate types in proportion to avail-
ability (Manly et  al. 2002). This test determined 
whether there was a significant difference between 
the expected use of substrate types and the observed 
frequency of use (Neu et al. 1974; Byers et al. 1984; 
Manly et  al. 2002). In the habitat use experiment, 
substrate types were available in equal proportions; 
hence, “substrate selection” was equivalent to “sub-
strate preference” as defined by Johnson (1980). Fol-
lowing the initial Chi-square analysis, we fit multino-
mial logistic regression models to the data (Hosmer 
and Lemeshow 2000; Agresti 2002; Manly et  al. 
2002), which examined the influence of explanatory 
variables on eel substrate selection. Models specified 
substrate selection as functions of trial, aquarium, 
TL, and age. However, use of explanatory variables 
resulted in a sparse dataset, owing to an absence of 
continuous age and length data within some aquarium 
and trial categories. Due to the sparseness of the data, 
we used two separate multinomial logistic regression 
models for the two data types (categorical and contin-
uous). The first set of models specified the substrate 
selection as functions of trial and aquarium while the 
second set of models specified the substrate selec-
tion as functions of TL and age. The leaf pack sub-
strate was used as the baseline category for both sets 
of models. Each of the equations modeled the logit, 
which was the log of the ratio of the probability of 

selection for a particular substrate and the probability 
of selection for the leaf pack substrate (baseline cat-
egory). To evaluate models, we compared the differ-
ence in deviance (2*max log-likelihood of the fitted 
model /max log-likelihood of the saturated model) 
between the saturated model and the fitted model. 
Model fit was assessed using deviance, which follows 
a chi-square distribution (Hosmer and Lemeshow 
2000). Additionally, descriptive statistics were plot-
ted for the proportions of the five equally available 
substrate types used by yellow-phase American eels. 
Variation associated with each proportion was calcu-
lated as 95% profile likelihood confidence intervals.

 To determine if American eels selected for or 
against a certain substrate type, odds ratios were 
derived from the multinomial logistic regression 
model. Odds ratios are measures of association which 
range from zero to infinity, and require the designa-
tion of one category as a reference (Hosmer and 
Lemeshow 2000). An odds ratio was estimated for 
each substrate type, and leaf pack was used as the 
“baseline category.” An odds ratio greater than one 
supports selection for a substrate type instead of leaf 
pack (baseline category), where odds ratios less than 
one indicate selection against a substrate type instead 
of leaf pack. An odds ratio of one implies that the 
selected substrate is equally likely in both catego-
ries (Hosmer and Lemeshow 2000). To test the odds 
ratios, 95 percent confidence intervals were calcu-
lated. The odds ratios were considered significant if 
the intervals did not contain a value of one. Compu-
tations were conducted using Microsoft Excel (2007) 
and the R software (R Development Core Team 
2009).

Results

A total of 150 yellow-phase American eels were col-
lected at the Millville hydroelectric site. We used 135 
individuals for the 9 trials. At the completion of the 
9 trials, 130 out of 135 individuals used a substrate 
type while the remaining five individuals did not bur-
row or reside within any of the substrates provided. 
These five individuals were removed from the data 
analysis. All 130 eels burrowed into the substrate, 
but we did not determine depth of the eels within 
the substrate bins. The American eels used in this 
study had a TL range of 224–338 mm (mean 273 
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mm, SE 2.34; Fig. 1a). The American eel consensus 
ages ranged between 3–11 years (mean 6 years, SE 
0.157; Fig. 1b). Otoliths from 13 of the 130 eels were 
deemed unreadable by both readers. The 13 unread-
able otoliths along with their associated lengths were 
also not used in the multinomial logistical regression 
analysis of substrate selection.

Comparing  the multinomial logistic regression 
deviances of the different models suggested the trial 
and aquarium did not have a significant effect on eel 
selection of a particular substrate type (Table 1). All 
models compared to the saturated model (maximum 
number of parameters) did not show a significant 
p-value (α = 0.05) and allowed the data to be col-
lapsed across aquaria and trial for further analysis.

Yellow-phase American eels did not use substrate 
at the expected ratio of 1/5 (X2 = 67.462; df = 4; 
p < 0.005). Of the five substrate types provided, leaf 
pack was used by 63 of 130 (48.5%), cobble was used 
by 21 of 130 (16.2%), silt/clay was used by 18 of 
130 (13.8%), gravel was used by 16 of 130 (12.3%), 

and sand was least used by 12 of 130 (9.2%; Table 2; 
Fig. 2). Using leaf pack as the baseline category, the 
odds ratio of an eel choosing any of the other sub-
strates was less than one, indicating that selection of 
other substrates was not as likely as that of choosing 
leaf pack. The calculated 95% confidence intervals 
did not contain a value of one, therefore the odds 
ratios were significant (α = 0.05). The other substrate 
types (cobble, gravel, sand, and slit/clay) odds ratios 
were then compared to one another and we found no 
significant (α = 0.05) ratios among them.

After collapsing the selection data across aquaria 
and trial, we examined substrate use as a function of 
length and age. Box plots did not visually depict dif-
ferences in American eel lengths or ages among sub-
strate categories (Fig. 3). To test this, we modeled the 
length and age substrate selection data as continuous 
in the multinomial logistic regression model. The 
analysis of deviance, from the multinomial logistic 
regression, indicated that discarding any one of the 
TL and age covariates from the saturated model had 
no influence on the American eel substrate selection 
(Table 3).

Discussion

In this laboratory study, yellow-phase American eels 
selected leaf pack over other available benthic sub-
strates. Although leaf pack was the preferred sub-
strate, American eels also used cobble, gravel, sand, 
and silt/clay substrates. American eels have been cat-
egorized as habitat generalists (Helfman et al. 1987), 
which has been supported by field studies reporting 
a wide range of substrates, including mud, cobble, 
gravel, sand, and leaf pack (Tesch 1977; Ford and 
Mercer 1986; Meffe and Sheldon 1988; Goodwin and 

Fig. 1  Total length (a) and age (b) frequencies of 117 yellow-
phase American eels collected at the Millville Dam eel lad-
der and used during the substrate selection laboratory study. 
Lengths ranged from 224 to 338 mm (mean = 273 mm, stand-
ard error = 2.34). Length categories are 10 mm intervals (e.g. 
the 230 length category represents eel lengths from 221 to 230 
mm). Consensus ages ranged from 3 to 11 years (mean = 6 
years, standard error = 0.157)

Table 1  Deviance statistics from a multinomial logistic 
regression analysis assessing the influence of aquarium and 
trial categories on substrate selection by American eels

Df Deviance LR  (G2) P-value

Saturated --- --- --- ---
Null 104 363.24 105.21 0.448
Aquarium 96 358.67 100.64 0.353
Trial 72 318.02 59.99 0.843
Aquarium + Trial 64 313.08 55.05 0.780
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Angermeier 2003). Although our study also found 
that American eels use a wide range of substrates, 
leaf pack selection provides evidence for preference 
of a specific benthic substrate when multiple habitat 
types are equally available.

American eels often avoid sunlight through use of 
benthic substrates as burrow or refuge habitat during 
daytime, but also likely benefit from reduced preda-
tion risk, or increased foraging opportunities. Benthic 
substrates are important to yellow-phase American 
eels as refugia from predators (Tesch 1977; Fahay 
1978; Facey and Van Den Avyle 1987). In some spe-
cies, predation risk is likely reduced in substrates 
with adequate interstitial spaces (Stein and Magnu-
son 1976; Sponaugle and Lawton 1990; McAdam 
2011; Smith et  al. 2012). Although interstitial space 
is present in leaf pack habitat, its importance to the 
selection of leaf pack habitat in our study is unknown. 
American eels, however, have the ability to burrow 
into small-sized substrates, such as silt/clay, sand, 
and gravel, as well as to take refuge in substrates with 
larger interstitial spaces, such as leaf pack and cobble 
habitat. Availability of preferred habitat may reduce 

Table 2  Total number and percentage of yellow-phase American eel selecting each substrate

Odds ratios, standard errors (SE), and 95% Confidence Intervals (CI) for eel substrate selection of leaf pack versus all others

Substrate type # of eels % of eels odds ratio SE 95% CI

Leaf pack 63 48.5 1.00 --- --- ---
Cobble 21 16.2 0.33 0.252 0.203 0.546
Gravel 16 12.3 0.25 0.280 0.147 0.440
Sand 12 9.2 0.19 0.315 0.103 0.353
Silt/clay 18 13.8 0.29 0.267 0.169 0.482

Fig. 2  Proportions of five equally available substrate types 
used by yellow-phase American eels. Error bars are 95% pro-
file likelihood confidence intervals

Fig. 3  Box plot depicting American eel use of five equally 
available substrate types as a function of total length (a) and 
age (b). Bolded lines within the grey boxes are the median val-
ues, the grey boxes represent lower and upper quartile values, 
ends of dotted lines represent maximum and minimal values, 
and open circles represent outliers. Lengths ranged from 224 
to 338 mm (n = 117, mean = 273 mm, standard error = 2.34). 
Consensus ages ranged from 3 to 11 years (n = 117, mean = 6 
years, standard error = 0.16)
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predation risk, because individuals may remain in 
that habitat for longer periods of time and spend less 
time exposed to predators while searching for suitable 
habitat (Smith et al. 2012). Although American eels 
are often nocturnal foragers, food availability within 
benthic substrates may also influence diurnal habitat 
selection. Diets of small American eels consist of bot-
tom dwelling invertebrate larvae such as Ephemer-
optera, Megaloptera, and Trichoptera (Ogden 1970; 
Tesch 1977; Facey and LaBar 1981). Leaf packs 
are considered “hot spots” for invertebrate activity 
because they provide both substratum and nutritional 
resources (Hershey and Lamberti 1998). Although 
prey items were removed from substrates in our study, 
American eels may have selected leaf pack habitat 
because of an expectation of higher prey availability.

By using a laboratory environment, we were able 
to control for some of the possible biological, physi-
cal, and chemical influences that could affect the 
probability of selection. We realize that microhabi-
tat selection in riverine habitat is more complicated 
than that represented in this controlled laboratory 
study, owing to other factors such as predation and 
food availability as previously discussed, as well as 
water depth and velocity, water quality, and intraspe-
cific and interspecific competition (Krausman 1999). 
We also recognize differences among substrate types 
in an eel’s ability to burrow, where compacted sand 
and gravel may pose more difficulty than looser sub-
strates (Tomie et al. 2017). With exception of silt/clay 
substrate, we separated substrates into single catego-
ries of cobble, gravel, sand, and leaf pack; however, 
substrate types are often intermixed in riverine habi-
tat. We attempted to reduce intraspecific competition 
through use of only five individuals per aquarium. 
The experimental design ensured each eel had free 
and equal access to all available substrate types. 

Results are conditional on the five experimental ben-
thic substrates, although these substrates are present 
in many rivers within the North American range of 
the American eel.

Substrate types had equal availability during this 
study (a necessary design to document preference), 
but the availability of leaf packs may be spatially 
and temporally variable in aquatic systems. Leaf 
pack habitat occurs naturally in discrete patches. The 
availability of leaf pack habitat in rivers increases 
during late autumn and with distance upstream. Dur-
ing spring and summer periods of lower leaf pack 
availability, American eels may use a wider range of 
benthic substrates (Johnson and Nack 2013). Leaf 
pack availability is also influenced by anthropogenic 
factors including land use and habitat alteration, 
such as river channelization (Gregory et  al. 1991; 
Schlosser 1991; Jones et al. 1999). Watershed devel-
opment can reduce riparian zones and the amount of 
allochthonous leaves (Gregory et al. 1991; Schlosser 
1991; Jones et  al. 1999). River channelization 
removes spatial complexity and reduces structure, 
eddies, and slack water associated with leaf pack 
accumulation (Gregory et al. 1991; Schlosser 1991).

Studies have indicated that American eels use 
habitat differently based on body lengths (Tesch 
1977; Ford and Mercer 1986; Meffe and Sheldon 
1988). Size specific habitat selection also occurs in 
other anguillid species (Tesch 1977; Jellyman et  al. 
2003; Laffaille et  al. 2003; Kume et  al. 2020). Ford 
and Mercer (1986) found habitat segregation between 
larger and smaller American eels. During growth to 
larger sizes, individuals may shift from macroinver-
tebrate to piscivorous diets (Laffaille et  al. 2003), 
which may be associated with shifts in habitat selec-
tion. Our study did not support size-specific habitat 
use, although individuals had a relatively narrow size 
range. In addition to size, age also did not influence 
substrate use. Individuals with multiple lengths and 
ages were often burrowed in the same leaf pack sub-
strate bin.

Riverine habitat use reported for yellow eels from 
other continents may be useful for comparison with 
American eels given similarities among anguillid 
species. For example, Kumai et al. (2021) found that 
the Japanese eel (Anguilla japonica) associated with 
leaf litter habitat in Isso and Nagata rivers, Yakush-
ima Island, Japan. However, Kume et  al. (2020) 
reported that the Japanese eel used coarse substrate 

Table 3  Deviance statistics from a multinomial logistic 
regression analysis assessing the influence of age and total 
length covariates on substrate selection by American eels

Df Deviance LR  (G2) P-value

Saturated --- --- --- ---
Null 12 331.68 14.50 0.270
Age 8 324.78 7.59 0.474
Total length 8 326.20 9.01 0.342
Age + Total length 4 319.04 1.85 0.763
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in the Nikkeshi River, Japan. Kumai et al. (2021) and 
Matsushige et al. (2022) examined habitat use of the 
Indo-Pacific eel (Anguilla marmorata), reporting an 
association with coarse substrates. Similarly, Deger-
man et  al. (2019) determined that the European eel 
(Anguilla anguilla) used coarse substrates in Swed-
ish coastal rivers. In a habitat segregation experi-
ment conducted in New Zealand, Glova (1999) found 
shortfinned eels (Anguilla australis) associated with 
macrophytes and woody debris, whereas longfinned 
eels (A. dieffenbachii) used coarse substrate. The 
wide range of results of these studies are likely influ-
enced by habitat availability within the natural or 
experimental setting. From our literature review, we 
realized that leaf pack habitat has often not been con-
sidered as a variable in studies of riverine habitat use 
of yellow eels, which may result from habitat avail-
ability or may reflect the apriori suite of variables 
chosen by the researchers.

In conclusion, a high percentage of yellow-phase 
American eels (224–338 mm TL and 3–11 years in 
age) selected leaf pack microhabitat during the lab-
oratory study. If laboratory-based results are trans-
ferable to habitat use of American eels in nature, 
then study results support leaf pack as an important 
benthic habitat. Our understanding of habitat use of 
American eels has management and conservation 
implications, particularly if American eel popula-
tion decline is associated with habitat loss and alter-
ations (Castonguay et  al. 1994; Haro et  al. 2000). 
The selection preference for leaf pack habitat sup-
ports the importance of forested riparian zones to 
yellow-phase American eels in riverine systems.
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