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Abstract—Climate change in northeastern North America
has already led to earlier snowmelt and increases in the
magnitude and frequency of large storms; associated changes
are expected to intensify over the next several decades.
Alterations in flooding regimes associated with climate change
have the potential to negatively affect fish species with earlier
fry emergence and alter the fish communities in tributary
streams where fall- and spring-spawning salmonids coexist or
where there may be invasion potential by a given species. This
6-year study (2002-2007) assessed the effects of the timing
and magnitude of spring flood events on year-class strength in
sympatric populations of fall-spawning brook trout Salvelinus
fontinalis, fall-spawning brown trout Salmo trutta, and spring-
spawning rainbow trout Oncorhynchus mykiss. The relative
abundances of young-of-year (age-0) and age-1 fall- and
spring-spawning salmonids were documented for 4 and 6
years in streams from two watersheds in the Catskill
Mountains, New York. Fall-spawning age-0 fish dominated
in all years except 2005. In spring 2005 a large flood occurred
at nearly the same time of year as the 2004 snowmelt, but
discharge was nearly an order of magnitude greater. The
dominant salmonid for that year-class shifted to rainbow trout,
but fall-spawned age-0 trout were again dominant in the
following year. These results indicate that the timing and
magnitude of spring high flows can increase the relative
abundance of spring-spawning age-0 salmonids, decrease the
abundance of fall-spawning age-0 salmonids, or both. The
overall dominance of fall-spawned fish appears to be resilient
as long as displacing floods occur a few years apart. If the
trend toward larger, more frequent, and earlier spring floods
continues, differential survival of age-O fish of the three
salmonid species will probably cause shifts in the dominant
trout species in many Catskill Mountain streams.

Actual and projected changes in the magnitude,
frequency, and timing of spring floods (Burns et al.
2007; Hayhoe et al. 2007) have amplified concerns
over the effects that climate change may have on fish
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assemblages in streams in the northeastern USA. The
timing and magnitude of high-discharge events (floods)
during spring can affect the structure of fish popula-
tions and resident fish communities (Pearsons et al.
1992; Poff et al. 1997; Lytle and Poff 2004), and
several studies have related such events at the time of
fry emergence to salmonid year-class strength (Seegrist
and Gard 1972; Nehring and Anderson 1993; Latterell
et al. 1998; Lobon-Cervia and Mortensen 2005).
Salmonid fry are particularly vulnerable to washout
for a period after their emergence, and floods during
this critical period can cause the loss or severe
depletion of a given year-class (Elliott 1994; Lobon-
Cervia 2004; Nislow et al. 2004).

Potential displacement associated with high flow—
high water velocity events is greatest as fry enter the
swim-up stage (with yolk sacs fully absorbed) when
salmonid fry can be displaced by flows between 0.1
and 0.25 m/s, depending on the species and water
temperature (Heggenes and Traaen 1988). As fry grow
their ability to hold their position increases. In a series
of experimental stream channels, Heggenes and Traaen
(1988) found that 2 weeks after emergence, critical
velocities to displace salmonid fry were still relatively
low (up to 0.27 m/s), but after 8 weeks, swimming
ability had increased and many fish could hold their
position at flows as high as 0.5 m/s. In the field, Jensen
and Johnsen (1999) compared brown trout Salmo trutta
and Atlantic salmon S. salar year-class strength across
a range of spring discharges in Norway and found that
extremely high flows during fry emergence adversely
affected year-class strength in both species. This was
consistent with studies by Elliott (1987) and Lobon-
Cervia and Rincon (2004) who found that timing and
magnitude of high discharge events relative to fry
emergence affected salmonid year-class strength and
subsequent population dynamics in streams in the
United Kingdom and in northwestern Spain. Whether
the mechanism for this relationship is density depen-
dent, however, remains unresolved (see Einum 2005;
Lobon-Cervia and Gutierrez 2006). In the Rocky
Mountains of the western United States, Nehring and
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Anderson (1993) and Latterell et al. (1998) also found
strong relationships between the year-class strength of
fall-spawning salmonids and peak discharge in the
spring.

Differences in the timing of spawning and associated
emergence between species, combined with wide
variability of high flows, may provide systematic, or
occasionally random, advantages to one species over
another in a given stream system. Strong relations
between the presence of extremely high flows and the
variable year-class strengths of brook trout Salvelinus
fontinalis and rainbow trout Oncorhynchus mykiss in a
California stream system were reported by Seegrist and
Gard (1972) where rainbow trout are native and brook
trout are invasive. The timing of salmonid spawning
and subsequent emergence relative to the timing of
peak flow may determine the success or failure of a
salmonid stocking (Fausch et al. 2001), and the
interaction of emergence with spring flooding has been
suggested as a key factor in the success or failure of
trout invasions (Strange and Foin 1999; Fausch 2008).
Brook trout and brown trout spawn in the fall, whereas
rainbow trout spawn in the spring, and this difference
in life history is reflected in a difference in the timing
of fry emergence in the spring—summer; rainbow trout
consistently reach swim-up stage later in the year than
brook trout or brown trout when populations occur
sympatrically (Seegrist and Gard 1972; Nehring and
Anderson 1993). Zorn and Nuhfer (2007) reported that
in Michigan streams, brook trout and brown trout fry
emerged at comparable times and that emergence
within a given year was regionally synchronous.

Occasional recruitment failure by one species may
allow inter- and intraspecific competitors to exploit
available resources and thereby increase their ability to
invade, occupy, and possibly dominate fish communi-
ties. This was observed in a Minnesota stream by
Hanson and Waters (1974), who documented the
invasion of rainbow trout into a formerly allopatric
brook trout population after 2 years in which severe
spring flooding had sharply decreased the brook trout
population. The potential effect of flood timing on
salmonid recruitment led Fausch et al. (2001) and
Fausch (2008) to suggest that, at a global scale, the
timing of spring high flows may determine the success
or failure of rainbow trout invasions or introductions in
a given region. This concept may be particularly
relevant in predicting the success of rainbow trout
invasions in streams where other salmonid species
occur.

The Catskill Mountains were well suited as a study
location for this research because three salmonid
species (two fall spawning and one spring spawning)
coexist in several watersheds. The Catskill Mountains
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are located in southeastern New York State and include
multiple forest types and stream habitats within a
relatively small area, making them a good model for
other systems across northeastern North America.
Furthermore, the Catskill region is expected to
experience many of the changes in precipitation
regimes predicted by Hayhoe et al. (2007) and, as
such, may function to exemplify potential ecosystem
impacts associated with climate change. Shifts in the
timing of spring snowmelt since 1952 have already
been documented for this region (Burns et al. 2007),
and current climate models suggest that conditions in
the Catskill Mountains will become similar to those in
areas of the southern Appalachian Mountains, where
the invasion of brook trout habitat by rainbow trout is
of particular concern (Hayhoe et al. 2007; Fausch
2008). This paper assesses fish community data from a
6-year study documenting winter and spring high flows
and subsequent year-class strength for three sympatric
salmonid species in two Catskill Mountain streams to
illustrate the potential effects that climate change could
have on dominant trout species in local fish commu-
nities.

Study Area

Sampling was done on two tributaries of Esopus
Creek—Broadstreet Hollow Brook and Stony Clove
Creek—in the central Catskill Mountains of southeast-
emn New York (Figure 1). Annual stream discharge
within this part of North America generally peaks
during spring snowmelt, but large rainstorms can cause
rapid increases in discharge of local streams throughout
the year due to the steep slopes and thin soils of the
Catskill Mountains. Both streams have south-facing
basins and contain mixed hardwood—conifer riparian
forests. Specific characteristics of each stream, includ-
ing resident fish species, are outlined in Table 1. The
reaches selected for study were the undisturbed
reference reaches that had been previously selected
and surveyed as part of a larger stream-restoration
study (Baldigo et al. 2008a, 2008b). Stony Clove Creek
and Broadstreet Hollow Brook study reaches were 370
and 430 m in elevation, respectively, and 7.8 and 4 km
upstream from their confluence with Esopus Creek,
respectively. Episodic acidification in the Catskill
Mountains has had detrimental effects on fish (Baldigo
and Lawrence 2001). However, no acidification events
have been documented in these two streams that would
be expected to affect salmonids. Esopus Creek is
stocked with age-1 and age-2 brown trout in late April
and again in May, and Stony Clove Creek is stocked
with adult brook trout and brown trout just upstream
from the study reach in May. The 1-year-old fish
stocked into these streams are an average of 8 in (203
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Ficure 1.—The two tributaries of Esopus Creek in the central Catskill Mountains in which the effects of spring floods on the
year-class strength of fall- and spring-spawning salmonids were studied. The shaded areas are the drainage basins of the

tributaries.

mm) in length. Stocking could therefore potentially
affect age-1 abundance estimates; however, based on
our data in which the mean length of age-1 fish was
well below 200 mm, it is not expected to substantially
affect our abundance estimates and associated results
(the mean length of age-1 salmonids, as inferred from
length-frequency histograms, ranged from 126 to 167
mm and varied with year and species). Based on the
stocking trends, fish targeted by anglers tend to be
larger than 200 mm. Thus, angling predation is

expected to have limited influence on our fish
abundance estimates. Data on wild age-0 and age-1
abundances in Stony Clove Creek were available for
2002-2007; no data for 2005 or 2007 were available
for Broadstreet Hollow Brook. The U.S. Geological
Survey maintains a streamflow-gauging station on
Stony Clove Creek (gauge 01362380) that provides a
continuous discharge record. The proximity and
physiographic similarity of the two study reaches

TaBLE 1.—Tributary and reach characteristics for the two study sites in the larger Esopus Creek 509 watershed in the Catskill

Mountains, summer of 2002-2007.

Stream characteristic

Stony Clove Creek

Broadstreet Hollow Brook

Drainage area (km?)

Average annual flow (m/s)

Mean annual runoff (m3 esl km’z)
Elevation (m)

Distance upstream from Esopus Creek (km)
Gradient from site to Esopus Creek (m/m)

Average substrate size (mm)
Temperature during surveys (°C)
Resident fish species

373
1.39
0.037
370
72
0.017
174
16.6
Brook trout, brown trout, rainbow trout, slimy
sculpin Cottus cognatus, blacknose dace
Rhinichthys atratulus, and longnose dace
R. cataractae

10.5
0.37
0.035
430

4.0

0.028
241

16.0

Brook trout, brown trout, rainbow trout,
and slimy sculpin
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allowed use of these records to infer streamflows in
Broadstreet Hollow Brook.

Methods

Data collection—Fish data were collected from
both study streams under low flow conditions during
July and August of 2002-2004 and 2006 as part of a
larger study evaluating fish communities in Catskill
Mountain streams (Baldigo et al. 2008a, 2008b). Data
were also collected from Stony Clove Creek in early
September 2005 and in August 2007. Fish were
captured through multiple-pass depletion surveys in
seine-blocked reaches in accordance with methods
described in Baldigo et al. (2008a, 2008b). The same
reach of stream was surveyed each year, and reaches in
both systems were approximately 100 m in length. All
salmonids were weighed to the nearest 0.1 g and
measured (total length) to the nearest 1| mm. Year-
classes were determined from length-frequency histo-
grams for each species in each year. The backpack
electrofisher was run by the same person in all surveys
conducted for this study. The mean capture probabil-
ities for brook trout, brown trout, and rainbow trout in
Stony Clove Creek over the six survey years were 0.72,
0.54, and 0.52 respectively. Brook trout capture
efficiency was particularly high at this site due to low
abundance, which resulted in disproportionately high
depletion rates. Brown trout capture probabilities were
greater than rainbow trout capture probabilities in
2002, 2004, and 2005, and rainbow trout capture
probabilities were greater than those of brown trout in
2003, 2006, and 2007. In 2005, when rainbow trout
relative abundance was substantially greater than that
of brown or brook trout, brown trout capture
probability was 0.71 and rainbow trout capture
probability was 0.58. At Broadstreet Hollow Brook,
mean capture probabilities were 0.61, 0.62, and 0.55
for brook trout, brown trout, and rainbow trout,
respectively. Total electrofishing crew size ranged
from four to seven people. Electrofishing surveys have
a tendency to collect large fish in the first pass and to
miss smaller fish (Reynolds 1996; Peterson et al.
2004); therefore, we conducted population estimates
separately for each year-class. We standardized fish
population by area of wetted stream channel (reach
length X mean wetted width).

Data analysis.—The contributions of fall- and
spring-spawning salmonids were assessed using both
relative abundance (percentage) and estimated total
abundance (number of fish per square meter of wetted
channel). Analysis of total fish abundance relies on the
assumption that the highest (and most influential)
mortality occurs in spring and, as with analysis of
relative abundance, that mortality rates for all three
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salmonid species are fairly similar thereafter (an
assumption supported by Elliott 1989). Total abundance
estimates allow comparison among years; however,
estimates of total abundance taken later in the year
could introduce error owing to differential mortality
through the summer. Measures of relative abundance
address this issue to a large degree. Relative abundance
data are also useful because high flows have the
potential to indiscriminately remove a large percentage
of all fish from a system and thereby skew results.

The lack of data from Broadstreet Hollow Brook in
2005 and 2007 prevented use of a single robust
statistical analysis combining both sites across all 6
years. Year-to-year differences in the success of fall-
spawning salmonids (brown trout and brook trout
combined) and that of the spring-spawning rainbow
trout were therefore assessed individually for each
stream. Stony Clove Creek data on age-0 fish
abundance and stream discharge were available for
all 6 years of the study. Zorn and Nuhfer (2007) found
that the emergence times for brook trout and brown
trout were comparable in Michigan streams, so the age-
0 abundances for both species of fall-spawning
salmonids were combined for these analyses. Although
fry swim-up usually begins in April, we included
discharge from the entire first half of the year to
encompass winter flows, which have the potential to
scour redds and reduce year-class strength (Kondolf et
al. 1991; Montgomery et al. 1999; Lapointe et al.
2000). Specific application of the models from
Lapointe et al. (2000) could not be applied because
the required data on spawning areas were not available.

The estimated abundances of fall-spawned age-0 and
spring-spawned age-0 salmonids from both study
streams were each regressed against the peak mean
daily discharge in Stony Clove Creek between January
1 and June 30 each year. In addition, we conducted two
multiple-regression analyses that incorporated timing
of spring flood events or the presence of potential
predators with peak discharge on year-to-year variabil-
ity in age-0 abundance. Latterell et al. (1998) found
that the abundance of potential predators (adult
salmonids) influenced age-O year-class strength in
streams from the Pacific Northwest, and Lobon-Cervia
(2004) found that in addition to the size of spring flood
events, the timing of spring peak discharge events
relative to the critical period for swim-up of age-0 fish
was important. The first multiple-regression analysis
included peak discharge and the timing of the peak
discharge (the week during which the peak discharge
event occurred) as the two independent variables. The
second multiple-regression analysis included peak
discharge and the estimated abundance of age-2 and
older salmonids (potential predator abundance).
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Ficure 2.—Daily mean discharge of Stony Clove Creek (U.S. Geological Survey gauge 01362380) from January to June and
the number of spring- and fall-spawning age-0 salmonids collected in the Stony Clove Creek study reach, by year.

Fall and spring age-0 abundance estimates from both
study streams and Stony Clove Creek discharge values
were all normally distributed (P > 0.10 for all data sets
using an Anderson—Darling goodness-of-fit test; MINI-
TAB release 14.20, 2005). A single-factor regression
was conducted to evaluate the estimated total abun-
dance and the relative abundance of age-0 salmonids
for each spawning season versus the maximum mean
daily discharge at the Stony Clove Creek gauge;

however, because Broadstreet Hollow Brook had only
four data points and no data from the 2 years with the
greatest mean daily discharge, the analysis at this site
had low power and we did not expect to see strong
results. As an additional evaluation on the influence of
year-class strength on subsequent age-1 salmonid
abundance, we regressed age-0 abundance against
age-1 abundance to determine whether year-class
strength carried through to subsequent age classes,
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FiGure 3.—Abundance of spring- (circles) and fall-spawned
(diamonds) age-0 salmonids in (A) Stony Clove Creek and
(B) Broadstreet Hollow Brook relative to the peak mean daily
discharge in Stony Clove Creek between January 1 and June

30, 2002-2007. The relationship shown in panel (A) is
significant (P < 0.05).
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which would suggest that age-0 mortality would have a
stronger influence than mortality in the fall or winter on
fish abundance in the subsequent year.

Results
Peak Discharges

The maximum spring daily discharge of the gauged
stream (Stony Clove Creek) was highly variable over
the 6-year study ranging from 7.2 m>/s in 2002 to 111
m®/s in 2005 (Figure 2). The greatest mean daily
discharge during the study occurred in spring 2005
(April 2). Discharge on this date was nearly an order of
magnitude greater than the maximum daily discharge
in spring 2004, 3.5 times that of spring 2003, and 15
times that of spring 2002. In both 2005 and 2006, a
smaller, snowmelt-driven, high flow occurred in mid-
January (daily discharge, 48.4 and 53.8 m/s, respec-
tively). No comparable January melt event occurred in
the other 4 years of the study. Maximum daily
discharge during the spring 2006 peak flow occurred
considerably later in the year than in the previous 4
years or in the following year.

Year-Class Strength-Discharge Relations

In Stony Clove Creek, the total abundance of fall-
spawning age-0 salmonids was negatively related to the

Broadstreet Hollow
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FiGurRe 4.—Relative abundances of spring- and fall-spawning age-0 and age-1 salmonids in (A) and (B) the Stony Clove
Creek and (C) and (D) the Broadstreet Hollow Brook study reaches, 2002-2007.
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FiGure 5.—Abundance of age-1 spring- (circles) and fall-
spawned (diamonds) salmonids in Stony Clove Creek relative
to the abundance of age-0 fish in the previous year. The dotted
lines show trends, but regression analysis was not significant
for either the fall- or spring-spawning salmonids (P > 0.09
and 0.16, respectively).

peak mean daily discharge in the first half of the year
(P = 0.04, 2= 0.69; Figure 3A). There was no
comparable relation between year-class strength and
discharge for the spring-spawning rainbow trout (P =
0.99, 2 < 0.01; Figure 3A). In 2005, the year with the
greatest peak discharge, the relative abundance of
rainbow trout in Stony Clove Creek was substantially
greater than the combined number of fall-spawning
species (Figure 4A), and the strength of this cohort
carried through to the following year’s age-1 year-class
(Figure 3B). Rainbow trout accounted for 16% to 34%
of all age-O salmonids captured in every year except
2005, when they accounted for 76% (Figure 4A); they
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represented 9% to 20% of age-1 salmonids captured in
every year except 2006, when they represented 68%.

Multiple-regression analysis with peak discharge
and the total abundance of age-2 and older individuals
as independent variables and the total abundance of
fall-spawned age-O fish as the response variable was
not significant (P = 0.17, > = 0.70). This measure of
potential predation increased the explanatory power of
the relationship by only 0.007%. Multiple-regression
analysis of peak discharge on the timing of spring
floods (week during which peak discharge occurred)
also provided little additional explanatory power, and
the overall multiple regression was not significant (P =
0.15, 7> = 0.71). Multiple-regression analyses with
rainbow trout year-class strength as the response
variable also were not significant (P > 0.20 in both
cases).

Overall, the total number of age-1 salmonids was
positively related to the total number of age-0 fish in
the previous year in Stony Clove Creek, but a simple
linear fit of the data was not significant (P =0.11, =
0.63). When the data were broken down into those for
fall- and spring-spawning salmonids, the slope of the
best-fit line was comparable between the two groups
(slope = 0.19 for fall-spawning and 0.11 for spring-
spawning salmonids; Figure 5) and age-O abundance
explained a substantial proportion of the variability in
the abundance of age-1 individuals (> = 0.66 and 0.53,
respectively), although the relationship was not
significant for either group (P = 0.09 and 0.16).

The trends in the year-class strength and relative
abundance of age-O salmonids were comparable at
Broadstreet Hollow Brook (Table 2). Abundance of

TABLE 2.—Population estimates of age-0 brook, brown, and rainbow trout in the two study reaches, summer 2002-2007.
Reach lengths were approximately 100 m in both streams. The wetted widths in Stony Clove Creek were 8.6, 7.1, 8.3, 7.6, 9.2,
and 9.7 m from 2002 to 2007, respectively; those in Broadstreet Hollow Brook were 3.7, 6.6, 5.4, and 6.7 m from 2002 to 2004

and 2006, respectively; na = not applicable.

Year Spawning season Species Stony Clove Creek Broadstreet Hollow Brook
2002 Fall Brook trout 9 16
Brown trout 189 41
Spring Rainbow trout 89 57
2003 Fall Brook trout 2 20
Brown trout 309 29
Spring Rainbow trout 131 74
2004 Fall Brook trout 3 17
Brown trout 355 95
Spring Rainbow trout 112 71
2005 Fall Brook trout 0 na
Brown trout 7 na
Spring Rainbow trout 158 na
2006 Fall Brook trout 0 3
Brown trout 106 12
Spring Rainbow trout 23 9
2007 Fall Brook trout 2 na
Brown trout 103 na
Spring Rainbow trout 21 na
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fall-spawned age-O fish was significantly related to
peak discharge (P = 0.05 > = 0.90; Figure 3B). There
was a comparable trend with age-0 rainbow trout and
spring peak discharge at Broadstreet Hollow Brook,
but the relationship was not significant (P = 0.06, 2=
0.88; Figure 3B). Rainbow trout accounted for 32% to
51% of all age-0 salmonids captured during the 4 years
in which surveys were conducted at Broadstreet
Hollow Brook. Data were not collected from this
stream during 2005 or 2007, so a direct comparison
with data from Stony Clove Creek in 2005 was not
possible; however, as in Stony Clove Creek, rainbow
trout dominated the age-1 year-class in 2006, whereas
in all other years the fall-spawning salmonids domi-
nated this age-class (Figure 4D). The pattern seen in
both systems suggests that a comparably large increase
in relative abundance of age-0 rainbow trout probably
also occurred in Broadstreet Hollow Brook in 2005.

Discussion

The results from this study suggest that the
magnitude of spring floods can affect the relative
abundance of age-0 fall- and spring-spawning salmo-
nids by affecting the year-class strength of the fall-
spawning species. The abundance of fall-spawning
age-0 salmonids was significantly and inversely related
to maximum winter—spring discharge, although the
number of spring-spawning age-0 fish was not. The
nearly threefold decrease in relative abundance of fall-
spawning age-0 salmonids (brook and brown trout) in
2005 resulted largely from their low abundance that
year; the numbers of spring-spawning age-O rainbow
trout were relatively constant from 2002 to 2005, but
decreased in 2006 and 2007, whereas the absolute
numbers of fall-spawning age-0 salmonids decreased
sharply in 2005 and remained relatively low in the
following 2 years. The relatively strong year-class of
rainbow trout in 2005 allowed this species to dominate
the age-1 cohort the following year in Stony Clove
Creek, and this was most probably the mechanism for
the dominance of rainbow trout in the age-1 cohort at
Broadstreet Hollow Brook as well. This result is
consistent with early work evaluating the relative
influence of discharge on spring- versus fall-spawning
salmonids. Seegrist and Gard (1972) found a substan-
tial increase in rainbow trout recruitment after a winter
flood that decreased brook trout recruitment in a
California stream. Hanson and Waters (1974) noted
that a single flood promoted the invasion and
establishment of rainbow trout into a brook trout
stream in Minnesota. In this study, we documented
carryover in the dominance of the 2005 rainbow trout
cohort, but the overall effect of this one particular year
did not appear to lead to a substantial subsequent shift
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in relative abundance at Stony Clove Creek. Frequent
large floods in spring, however, could set the stage for
increased relative abundance of rainbow trout in these
stream reaches.

Although the exact range of emergence dates for
stream salmonids in the Catskill Mountains of New
York has not been documented, indirect evidence
suggests that spring-spawning rainbow trout do indeed
emerge after fall-spawning brook trout and brown
trout. Rainbow trout in this system spawn from late
March to the second week in April, followed by
emergence three or more weeks later, depending on
stream temperature (Smith 1985), whereas brook trout
and brown trout in New York streams emerge from
March through May (Smith 1985; M. Flaherty, New
York State Department of Environmental Conserva-
tion, personal communication). Age-0 rainbow trout
generally grow faster than age-0 brook trout or brown
trout (Isely and Kempton 2000; Kocaman et al. 2006),
yet the age-0 rainbow trout were consistently smaller
than the age-O brook or brown trout in our July
surveys. We conclude, therefore, that the fry of the fall-
spawning salmonids in these reaches emerge earlier
than the fry of the spring rainbow trout. The available
data were insufficient to differentiate between brown
trout emergence time and that of brook trout.

Consistent stream temperature data are not available
for either of our study streams, but data are available
from a gauge on Esopus Creek, a site relatively close to
our study streams, that can be used to evaluate regional
trends in yearly stream temperature and identify
potential extremes. Based on these data, mean daily
water temperatures in summer were relatively consis-
tent across years. Stream temperatures were greatest
2002 and 2006 and lowest in 2003 and 2004, with
2005 and 2007 exhibiting intermediate temperature
trends. There was a short period of particularly high
stream temperature in midsummer 2006 that may
account for the loss of age-0 brook trout—the most
thermally sensitive of the three resident salmonid
species (Galbreath et al. 2004)—from Stony Clove
Creek in that year. Overall, based on the available data,
summer temperatures were unlikely to have substan-
tially influenced the year-to-year variability in relative
year-class strength of fall- versus spring-spawning
salmonids in our study streams.

The decline in the total abundance of fall-spawning
age-0 salmonids in 2005 and 2006 could also be a
result of streambed scour during winter floods. Large
flows have the potential to scour eggs from redds and
thereby diminish year-class success for fall-spawning
individuals by washing out eggs before hatching and
emergence (Kondolf et al. 1991). In this study,
however, winter floods of comparable magnitude
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occurred in both 2005 and 2006, but spring-spawning
salmonids were dominant only in 2005. In 2006,
overall age-0 abundances for both spring-spawning and
fall-spawning species were substantially lower than
abundances of previous years. The January 2006 flood
could not have directly affected age-0 spring-spawning
rainbow trout. We suggest, therefore, that decreased
abundance in the entire 2006 age-0 year-class instead
resulted from the large flood that occurred at the end of
June that year, before the fish data were collected in
August. The June flood was substantial in both
magnitude and duration, and prolonged high flows
can still displace age-0 fish even when they occur after
the likely critical period for both species. We suggest
that the flood diminished age-0 abundances relatively
equally; the relative dominance of fall-spawning age-0
salmonids over age-0 rainbow trout in 2006 is
consistent with the expected age-0O fish distribution
for this system in a year without a large early spring
flood.

Many factors influence the abundance of fish in a
stream, reach, or habitat unit. Physical habitat and
stream conditions (Clarkson and Wilson 1995; Danehy
et al. 1998; Cote 2007; Deschenes and Rodriguez
2007), chemical conditions (Baker et al. 1996; Baldigo
and Lawrence 2001; Nislow and Lowe 2003), and
biological interactions (Einum 2005; Eby et al. 2006)
can all act on a fish population or a fish community to
influence fish abundance. Year-class strength for
salmonids in streams has also been strongly correlated
with the abundance of that cohort in subsequent years
(Elliott 1994; Knapp et al. 1998; Lobon-Cervia 2004).
Knapp et al. (1998) specifically note that following a
period of high density-independent mortality early in
development, the cohort strength of a given age-class
of stream-dwelling California golden trout O. mykiss
aguabonita was closely related to the strength of that
cohort in the previous year (age-0, age-1, and age-2 of
a given cohort are all correlated). Our results are
consistent with previous studies indicating that year-
class strength has a strong influence on abundance in
the subsequent year for both fall- and spring-spawning
species (Figures 4, 5). These results highlight the
potential for differences in the year-class strength of
spring- and fall-spawning salmonids to affect fish
populations in subsequent years. A series of years with
severe flooding may have the potential to shift the
dominant salmonid in a stream.

Environmental changes throughout the northeastern
United States are expected to result in earlier snowmelt
and larger rain events across the region, including the
Catskill Mountains (Burns et al. 2007; Hayhoe et al.
2007). These hydrologic shifts have the potential to
favor the spring-spawning rainbow trout by decreasing
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the probability of a snowmelt event occurring during
the critical swim-up period for age-0 fish or even
during the time when eggs are incubating and
susceptible to bed scour. The spring 2005 flood, which
coincided with a major decline in fall-spawning age-0
salmonids, was a combination snowmelt and rainfall
event (Suro and Firda 2007). The peak discharge in
2006 was the result of a large rainstorm in June;
snowmelt during the spring of 2006 was minimal. With
the apparent greater susceptibility of fall-spawning
salmonids to large floods in the first half of the year,
we speculate that changes in climate will favor rainbow
trout recruitment, especially if the anticipated increases
in spring storms lead to large floods occurring two or
more years in a row. Consequently, climate change
over the coming decades could cause the composition
of fish communities in Catskill Mountain streams
specifically and in mid- to high-order streams across
the northeastern USA in general to shift away from
assemblages dominated by brown and brook trout
towards those dominated by rainbow trout.
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