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The Eastern Sand Darter (Ammocrypta pellucida) is endangered or threatened throughout much of its range, which includes
the St. Lawrence-Lake Ontario drainage of southern Ontario and Quebec and several Vermont tributaries of Lake Cham-
plain. The species is known for its tendency to burrow, and field observations have suggested that habitat use may depend
on substrate particle size. To determine whether Eastern Sand Darter densities were correlated with substrate particle size,
fish and substrates were sampled in 156 plots in two Vermont rivers during the summers of 2001 and 2002. The Eastern
Sand Darter occurred mainly in areas in which substrate composition was over 45% fine to medium sand (0.24-0.54 mm);
they were much less abundant in areas in which substrate composition exceeded 25% particles greater than 1.9 mm. Sub-
strate preference was tested by allowing 49 fish kept in aquaria to choose among four different substrates. The fish showed a
significant preference (P<0.005) for the finer substrate categories (0.24-0.54 mm, 0.55-1.0 mm), and mostly avoided the
coarser substrates (1.0-1.9 mm, 2.0-4.1 mm). This suggests that the Eastern Sand Darter is selective regarding substrate
composition, and therefore might be affected by fluctuations or changes in substrate composition within its habitat, such as
those caused by changes in flow.
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The range of the Eastern Sand Darter (Ammocrypta
pellucida, Percidae) extends from the St. Lawrence
River and the Lake Champlain drainage to southwest-
ern Ontario, southeastern Michigan, and throughout
much of the Ohio River basin to West Virginia and
Kentucky (Page 1983; Smith 1985). The Eastern Sand
Darter is generally rare throughout its range, and is
usually found in streams and rivers with sand sub-
strate, but not in areas with silt or mud (Smith 1985).
Daniels (1993) observed that sand darters in the Met-
tawee River, New York, were found only in areas where
substrates were at least 90% sand, and 90% of all sand
darters in an artificial stream selected sand (0.25-0.5
mm particle size) over gravel (1-2 cm) or rubble (8-
15 cm).

The Eastern Sand Darter burrows in sandy substrates,
which may help the fish hold position and conserve
energy in unstable sandy habitats (Daniels 1989). The
burrowing behavior makes the species sensitive to sil-
tation, which can decrease oxygen availability and may
affect prey availability. Drake et al. (2008) found that
growth rates of age-0 Eastern Sand Darter were higher
in sand-dominated substrates than in silt-dominated
substrates. This sensitivity to clean, sandy substrates
makes the Eastern Sand Darter a good indicator of
habitat quality.

Historical information suggests that the Eastern Sand
Darter was common in tributaries of both the Ohio
and St. Lawrence rivers (Page 1983), but its distribu-
tion and abundance have decreased throughout much

of its range, perhaps due to habitat degradation (Traut-
man 1957, 1981). Agricultural and industrial pollution,
channelization, the creation of impoundments, and
land use practices such as removal of riparian vegeta-
tion and urban/suburban development which increase
erosion and runoff all potentially alter the substrate
composition within rivers (Clay 1975; Smith 1979).
As a result, formerly sandy areas that had supported
sand darters may no longer be suitable, resulting in
declines in local populations (Scott and Crossman
1973; Smith 1985; Daniels 1993; Holm and Mandrak
1996; Grandmaison et al. 2004"; Drake et. al 2008).
The declines in Eastern Sand Darter populations
associated with increased sedimentation and other
human impacts have resulted in the species being clas-
sified as globally rare (G3) and receiving protected
designations in the Canadian provinces of Ontario
and Quebec (COSEWIC 2008"; Drake et al. 2008), and
several U.S. states including Vermont, New York, and
Michigan (Grandmaison et. al 2004"). However, the
development of management or recovery plans has
been hampered by the lack of fundamental biological
information such as life history characteristics and habi-
tat requirements. Field observations suggest that the
Eastern Sand Darter does not use all sandy habitats
equally, and that it is more likely to be found in shal-
low areas with low current velocity and soft, fine to
medium sand (Facey 1998). The objective of this study
was to characterize the sediment particle sizes pre-
ferred by the Eastern Sand Darter more precisely than
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Daniels (1993) in order to provide information perti-
nent to long-term habitat management for the benefit
of the species.

Materials and Methods

The study utilized two different Lake Champlain
tributaries. The Poultney River forms part of the bor-
der between New York and Vermont and flows into
the south end of Lake Champlain, and the Winooski
River drains a large portion of central Vermont and
empties into Lake Champlain north of the city of
Burlington.

Between 30 July and 7 August 2001, we sampled
substrate and fish from 99 plots within a 1.6-km
stretch of a meandering section of the Poultney River
upstream from the mouth of the Hubbardton River
(43°37'35.93"N, 73°20'34.35"W). The sampled sec-
tion was generally 10-20 m wide, shallow, sandy, and
meandering with steep, sandy banks. Between 3 June
and 25 July 2002 we sampled substrate and fish in 57
plots within a 10-km stretch of the Winooski River
downstream from the city of Winooski, Vermont
(44°29'18.64"N, 73°11'21.27"W). This stretch of the
river is mostly 30-50 m wide with a deep channel, but
there were shallow areas near islands and along the
depositional bank in meandering sections.

In both river sections we sampled all available
areas less than 0.5 m in depth and with surface veloc-
ities less than about 0.5 m/sec. Deeper or faster areas
were not sampled because these conditions make it
too difficult to keep the seine on the substrate, which
is necessary to capture sand darters. Most sample plots
were 3 m x 10 m, but in some cases plot size varied
slightly due to water depth or the presence of obstruc-
tions in the river. In all cases, substrate composition
appeared quite homogeneous within each plot. A single
substrate sample from each plot was collected in a
200-ml container from the top 4-6 cm of the substrate
of an area representative of the substrate surface com-
position of the entire plot. Each plot was seined once,
always moving upstream, with either a 4.76 mm mesh
straight seine (32 plots in the Poultney River) or a bag
seine with 6.35 mm mesh wings and 4.76 mm mesh
collecting bag (all other plots). The number of individ-
uals of each fish species caught was recorded, and the
standard length (mm) of all sand darters was measured.

A chi-square analysis was employed to determine if
there was evidence of non-random habitat selection.
We assumed that if the Eastern Sand Darter randomly
selected habitats, then the distribution of plots with a
certain number of fish would resemble a Poisson distri-
bution. In addition, any trends between substrate com-
position and the number of sand darters captured were
noted. Each of the substrate samples was dried and
separated into different substrate size components by
sifting through a series of sieves. The sieve screen sizes
were #5 (4.1 mm), #10 (1.9 mm), #18 (1.0 mm), #35
(0.54 mm), #60 (0.23 mm), and #120 (0.12 mm). Once
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separated, each size component was weighed and the
percent composition by weight was calculated. Plots
were grouped based on sand darter densities, and aver-
age percent composition for each particle size was
determined for all the plots that had the same density
of sand darters.

From late August through early October 2002, we
observed substrate choice by 49 Eastern Sand Darter
kept in 37.9 L aquaria. Each week seven to 10 fish were
collected from the Winooski River, returned to the lab,
and maintained in three aquaria. The bottom of each
aquarium was divided into four equal quadrants using
2-cm high plastic dividers, and each quadrant received
a 2-cm layer of substrate, either 0.23-0.54 mm, 0.55-
1.0 mm, 1.1-1.9 mm, or 2.0-4.1 mm in size. Finer
sediments were not used because the particles would
not remain settled due to fish activity and a slight cur-
rent created by the filter. To reduce the potential im-
pact of stimuli outside the tank affecting the substrate
choice by fish within each tank, the arrangement of the
quadrants with different sizes of substrate was differ-
ent in the three tanks. During daylight hours, all fish in
each tank were observed approximately every 2 hours
and the substrate size of the fish’s location and whether
or not it was burrowed were recorded. If the fish was
not visible, we assumed it had burrowed and we used
a plastic pipette to gently agitate the substrate until
the fish emerged. We observed the fish daily for one
week, and then returned them to the river. To deter-
mine whether the Eastern Sand Darter showed a pref-
erence for substrate consisting of certain sized parti-
cles, we performed a chi-square analysis using fish
locations in one randomly chosen observation period
for each group of fish, thereby preventing the use of
multiple observations of a single individual.

Results

A total of 42 adult Eastern Sand Darters (48-57 mm
SL) was captured from the Poultney River plots.
Eighty plots had no sand darters, nine plots contained
one, six plots had two, two plots contained four, one
plot contained six, and one plot had seven sand darters.
The 42 sand darters caught in the 99 different plots did
not follow a Poisson distribution (chi-square = 17.85,
P =0.00002, 1 df). To perform the chi-square analysis
and maintain an expected value above five for each
category, we grouped plots into three categories by
number of sand darters: plots with zero, one, or two
or more (Table 1; see also Facey and O’Brien 2004).

In general, Eastern Sand Darter density was highest
in plots with lower percentages of substrate greater
than 1.9 mm in size (Figure 1). For example, half of the
plots with no sand darters had 5 to 40% composition
by weight of substrate sized greater than 4.1 mm, with
the median and mean approximately the same, at just
over 20%. In comparison, all plots with two or more
sand darters had under 20% composition by weight of
substrate greater than 4.1 mm, with the median and
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FIGURE 1. The percent composition of substrate by weight for plots with different densities of the Eastern Sand Darter (num-
ber per 30 m?) in the Poultney River (2001). The box represents the interquartile range (IQR, 50% of the data sur-
rounding the median), vertical dashed lines represent the range of data that falls between Q1 — 1.5¥IQR and Q3 +
1.5*IQR, asterisk shows mean, black bar shows median, and circles represents outliers (those values that are
greater than Q3 + 1.5*IQR).
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mean at approximately 7%. Plots with no sand darters
also had a much larger range for percent composition
of substrate greater than 4.1 mm, with a minimum of
0% and a maximum of 70%, unlike the plots with two
or more sand darters which showed a maximum under
20%. Plots with no sand darters also had less variation
in percent composition of substrate 2.0-4.1 mm in size;
half of these plots contained between 8 and 18% com-
position by weight of this size substrate. Plots with two
or more sand darters had greater variability of percent
composition of substrate 2.0-4.1 mm, but more plots
contained below 10% composition by weight. Plots
with one sand darter had less variability and smaller
percent compositions of substrate sized greater than
1.9 mm than plots with no sand darters, but still had
higher mean and median values than plots with two
or more sand darters.

The other main difference between plots with no
sand darters and those with two or more was percent
composition of substrate sized 0.12-0.23 mm and
0.24-0.54 mm. Areas with a higher density of sand
darters usually had a large percentage of fine to medi-
um sized sand (0.12-0.23 mm and 0.24-0.54 mm). Half
of the plots with no sand darters had between 15 and
30% of substrate 0.24-0.54 mm in size, with a mean
and median below 30%. In contrast, half of the plots
with two or more sand darters had 15 to 60% substrate
sized 0.24-0.54 mm, with a mean and median above
30%. Similarly, more of the plots with two or more
sand darters had over 10% composition of 0.12-0.23
mm substrate than did plots with none or one sand
darter.

The 2002 sampling of the Winooski River yielded
112 adult Eastern Sand Darter (32-54 mm SL) from
12 of the 57 plots sampled. Forty-five plots had no sand
darters, four plots contained one, three plots contained
two, and each of the following densities was found in
one plot: three, six, seven, 11, and 74 sand darters.
Chi-square analysis showed that the sand darters did
not follow a Poisson distribution throughout the sam-
pled plots of the Winooski River (chi-square = 206.3,
P< 0.000001, 3 df). For this chi-square analysis, we
grouped the plots into five different categories based on
the number of sand darters (0, 1, 2, 3, 4 or more) to
ensure that the expected value for each category was
above five (Table 2).

The Eastern Sand Darter in the Winooski River
showed trends similar to those observed in the Poult-
ney River. Plots with 2 or more sand darters averaged a
small percentage of particles greater than 1.9 mm, with
half of the plots having less than 10% composition of
substrate greater than 1.9 mm. In contrast, plots with
none or one sand darter averaged a large percentage of
substrate greater than 4.1 mm. Plots with no sand dart-
ers had a median value of almost 50% composition of
substrate greater than 4.1 mm and a mean value of
35% (Figure 2). There also seems to be a correlation
between density of sand darters and percent composi-
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TABLE 1. The number of plots expected and observed in the
Poultney River with different densities of Eastern Sand Darter
(number of fish per 30 m?). Expected values are based on the
Poisson distribution, which predicts how many of the 99 plots
sampled would contain the indicated number of fish if habi-
tat selection was random.

Number Expected number Observed number
of Fish of plots of plots
0 64.5 80
1 27.7 9
=2 6.8 10

TABLE 2. The number of plots expected and observed in the
Winooski River with different densities of Eastern Sand
Darter (number of fish per 30 m?). Expected values are based
on the Poisson distribution, which predicts how many of the
57 plots sampled would contain the indicated number of fish
if habitat selection was random.

Number Expected number Observed number
of Fish of plots of plots
0 7.8 45
1 15.6 4
2 15.5 3
3 10.2 1
=4 7.9 4

tion of fine and medium sand (0.24-1.0 mm). Figure 2
shows that plots with two or more sand darters had
substrate that averaged 12 to 65% 0.24-0.54 mm,
with median and mean between 30 and 40%. In com-
parison, plots with no sand darters had more variabil-
ity of composition of 0.24-0.54 mm and a much low-
er median value. Although plots with one sand darter
did have median and mean values for substrate sized
0.24-1.0 mm, somewhat similar to plots with two or
more sand darters, the plots with one sand darter
averaged less substrate that was 0.24-0.54 mm and
also contained much larger amounts of the coarsest
sized substrate (> 4.1 mm).

Overall, the Eastern Sand Darter in both rivers oc-
curred in areas that contained a considerable percent-
age of substrate particles in the 0.24-0.54 mm and
0.55-1.0 mm categories (Figures 1, 2). Our results
show that for the majority of plots with sand darters,
the largest percentage of substrate was 0.24-1.0 mm
and the smallest percentage was usually 2.0 mm or
greater. However, there were some exceptions to
these trends noticed in both the Poultney and Winooski
rivers. For example, in the Poultney River one plot
with seven sand darters had substrate compositions
more similar to plots with only one or two sand
darters; however, this was only a single plot and
although over 30% of the substrate was larger than
1.9 mm, the majority of the substrate in the sample
was between 0.12 and 1.0 mm.

Although the field studies showed associations be-
tween substrate composition and fish distribution, they



2008 O’BRIEN AND FACEY: HABITAT USE BY EASTERN SAND DARTER 243

45 Plots with 0 Eastern Sand Darter

(=3
g -
e = —_—
-— o | 1
§ ° : s
= . l !
g 2 : ° :
< i e
;S 1 o
{ < e
E o ° *
i * o
2 8B ° I 9 5
e —_— L
= — —*— _
] i 1 I I 1 1
=012mm 012023 mm 0.24-054 mm  0.55-1.0 mm 1.1-1.9 mm 2.0-4.1 mm =4.1 mm
Substrate Size
4 Plots with 1 Eastern Sand Darter
g
5 B
o
=
2 31
&
B = ——
£ % —
=
8 E3 - i
£ R
1
;_i| ——— [J‘.—_]
o 4 —_ —— S —
T T T T T T T
<012mm 012023 mm  0.24-0.54 mm  0.55-1.0 mm 1.1-1.9 mm 2.0-4.1 mm =41 mm
Substrate Size
8 Plots with 2 or more Eastern Sand Darter
=3
g -
- [= -
_-g, @
=
E- 2 =T
[} 1 —— |
41 ! 1 1
.g | |
T 1 |
E g * : i
a |
U 1
2 8 2 .
@ * T —— *
!_.*_|
ol === T/ 1 = [« |

T T T T T T T
=012mm 012023 mm 0.24-054 mm  0.55-1.0 mm 1.1-1.9 mm 2.0-4.1 mm =4.1 mm

Substrate Size

FIGURE 2. The percent composition of substrate by weight for plots with different densities of the Eastern Sand Darter (number
per 30 m?) in the Winooski River (2002). The box represents the interquartile range (IQR, 50% of the data surrounding
the median), vertical dashed lines represent the range of data that falls between Q1 — 1.5*IQR and Q3 + 1.5*IQR,
asterisk shows mean, black bar shows median, and circles represents outliers (those values that are greater than Q3
+ 1.5*IQR).
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did not allow us to determine whether the Eastern Sand
Darter showed a substrate preference. The laboratory
study did, however, and the results suggest that sand
darters preferred burrowing into the substrate rather
than being on the substrate, and that they preferred sub-
strate particles less than 1.1 mm in size. From a total of
912 observations made of 49 different fish, 790 (87%)
were of burrowed fish and only 122 (13%) were of fish
on the substrate. Overall, as the particle size of the sub-
strate decreased, the tendency of the sand darters to
burrow in it increased, and the fish were most often
burrowed in the smallest substrate particle size avail-
able in the tank (Figure 3). Fish that were not burrowed
showed a similar trend in frequency of observation
on the different substrates. Throughout the study we
also observed failed attempts by some of the fish to
burrow into the 2.0-4.1 mm sized substrate; they then
moved to another size substrate. A Chi-square analysis
of the randomly selected observation periods of the
Eastern Sand Darter held in aquaria showed that sub-
strate selection was not random (Chi-square = 28.9,
P < 0.005; df = 3), and suggests a strong preference
for the two smallest substrate particle sizes (Table 3).

Discussion

The Eastern Sand Darter in both the Poultney and
Winooski rivers inhabited areas with similar substrate
characteristics; most were found in areas with a high
percentage of fine- and medium-sized sand (particles
0.12 to 1.0 mm) and low percentages of substrate
particles over 1.9 mm. In addition, aquarium studies
showed that the Eastern Sand Darter preferred fine-
to medium- sized sand when given a choice of sub-
strates, which was consistent with the trends that we
observed between substrate composition and the dis-
tribution of sand darters in the rivers.

Previous studies have indicated that the preferred
habitat of the Eastern Sand Darter is areas with fine
sandy substrate and shallow, slow-flowing water
(Daniels 1993; Facey 1998). Many of the locations in
which we found the Eastern Sand Darter fit this des-
cription. In the Winooski River, we collected 74 sand
darters in one plot in a sandy area along the down-
stream side of an island with no measurable water
velocity. The collection of so many sand darters in one
plot may have been due to our sampling a drop-off
along the edge of the sandbar, which allowed us to dig
into the edge of the sand bar with the seine. This is not
the first time that we have noticed greater success when
we are able to penetrate into the sand with the seine,
rather than skimming across the surface.

The only other study that we know of that has tested
Eastern Sand Darter substrate choice in an artificial
setting is that of Daniels (1993), who ran four trials
using a 4 m x 0.6 m tank with three substrate sec-
tions of equal area. Each section contained a differ-
ent sediment particle size: sand (0.25-0.5 mm), gravel
(1-2 cm), or rubble (8-15 cm). Daniels (1993) varied
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TaBLE 3. The number of Eastern Sand Darters observed bur-
rowed in each of the four different sized substrates that were
available in each aquarium. If the fish showed no preference,
we would expect approximately equal representation among
the four sediment categories. A chi-square analysis showed
a highly significant preference for the smaller sediment cat-
egories (P < 0.005).

Sediment size (mm) Number Observed
0.24 - 0.54 23
0.55 -1.0 16
.1 -19 4
20 -4.1 1

the depth and velocity of the water in the holding tank
to simulate natural river conditions for different times
of year, and reported that 84% to 90% of fish were
found on the sandy substrate under all depth and veloc-
ity conditions. Less than 3% of the observations were
of fish on the rubble. Our aquarium study was conduct-
ed to determine a finer resolution of substrate prefer-
ence; therefore, we tested substrates in finer categories
and found that 89% of the fish tested chose substrate
between 0.24 and 1.0 mm.

Welsh and Perry (1998) studied the Eastern Sand
Darter in pools of two rivers in West Virginia. Divers
could not determine the positions of the sand darters
because the fish burrowed into the sandy substrate
when approached. Therefore, the locations of sand
darters were determined from the shore. The micro-
habitats of the 10 sand darters observed were charac-
terized by calculating the water velocity and depth,
and by determining the substrate size using a grid of
25 cells, each 5 x 5 cm, centered on the location of
the fish. The results showed the mean velocity to be
0 cm/sec, the mean depth was 32.4 (+ 6.4) cm, and
the substrate size index was 2.0 (£ 0.4), which indi-
cates particles ranging from 0.06 to 2.0 mm. These
results are consistent with ours and support our con-
clusions that the Eastern Sand Darter prefers sub-
strates with small particle size.

Substrate composition is thought to be a factor affect-
ing Eastern Sand Darter habitat utilization because of
their characteristic burrowing (Drake et al. 2008), and
our aquarium study supports the observations of oth-
ers (see Grandmaison et al. 2004") that sand darters
tend to burrow. Therefore, changes in substrate com-
position could impact the fish’s ability to use certain
areas. Siltation has been thought to be responsible for
decreases in Eastern Sand Darter populations through-
out their range (Smith 1985; Daniels 1993; Holm and
Mandrak 1996). Our results mainly suggested that the
Eastern Sand Darter needs fine to medium grain sand
and generally does not use areas with high levels of
substrate greater than 1.9 mm, although our own field
observations indicate that areas with a combination of
fine and coarse particles may be acceptable. The East-
ern Sand Darter may be unable to burrow easily into
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FIGURE 3. The number of times the Eastern Sand Darter was observed either burrowed into or resting on each of the different
size sediments during studies in aquaria. The 790 total observations were from multiple observations of 49 different fish.

these coarse substrates, as noted during observations of
fish in aquaria. Our results could not assess the impacts
of mud or fine silt deposition on habitat use because
large amounts of silt and mud were not characteristic
of the sections of the rivers that we sampled. However,
Drake et al. (2008) showed that age-O Eastern Sand
Darters grew better in areas with more sand than in
areas with more silt, and argued that sand-dominated
substrates would be energetically beneficial because
of higher oxygen levels and greater prey availability.

Some regulations for protecting river water quality,
including prevention of excess sediment input, have
probably decreased silt loads and improved habitat for
the Eastern Sand Darter. For example, Daniels (1993)
reported that reforestation of the banks of the Mettawee
River (New York) decreased the silt load and may have
been responsible for the increase in the availability of
sandy habitats for the Eastern Sand Darter. Daniels
(1993) also mentioned that Greeley (1930) reported
finding no Eastern Sand Darters during a 1929 sur-
vey of the Mettawee River and Poultney River (New
York-Vermont), and that Greeley’s field notes indi-
cated that both rivers had mud bottoms. In contrast,
sandy stretches of both of these rivers have supported
Eastern Sand Darters since at least the 1980s (Daniels
1989, 1993; Bouton 1991%). The discovery of addition-
al populations in several New York rivers over the last
20 years has resulted in a down-listing of the species
from “Endangered” to “Threatened” in New York, and
could result in further down-listing to “Special Con-
cern” (Carlson 2008).

The Eastern Sand Darter is quite selective of sub-
strates utilized. Therefore, changes in substrate com-
position may impact the ability to utilize an area. This
study confirms previous reports that the Eastern Sand
Darter uses sandy habitat; however, we also provide a
greater degree of resolution by identifying preferred

substrate as sand less than 1.1 mm in size. Previous
reports identify habitat alteration by sedimentation as
having reduced the habitat suitability for the Eastern
Sand Darter throughout much of its range (e.g., Traut-
man 1957, 1981; Smith 1985; Daniels 1993; Holm and
Mandrak 1996, Grandmaison et. al 2004"; COSEWIC
2008"). Our results suggest that the relative abundance
of fine to medium sand (0.12 to 1.0 mm) and coarser
substrates (> 1.9 mm) may also determine the suit-
ability of habitat for, and abundance of, the Eastern
Sand Darter.
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