
The pikeminnows (Genus: Ptychocheilus) are
unique among North American cyprinids due
to their large size and ecological roles as apex
predators (Carney and Page 1990). Two Ptycho-
cheilus spp. are native to California. The Col-
orado pikeminnow P. lucius is endangered and
presumed extinct within California waters
(Moyle 2002). In contrast, the Sacramento pike-
minnow P. grandis is common, widely distrib-
uted, and even considered a pest in some loca-
tions. The natural distribution of Sacramento
pikeminnow includes middle and low elevation
streams of the Sacramento–San Joaquin River
system, the Clear Lake basin, and the Pajaro-
Salinas and Russian River systems (Taft and
Murphy 1950). In addition, Sacramento pike-
minnow have been introduced into the Eel
River, tributaries of Morro Bay, and some south-
ern California reservoirs (Moyle 2002). Most
field studies of Sacramento pikeminnow, or
the fish communities of which they were part,
have examined their ecology in lotic habitats
or reservoirs (e.g., Vondracek et al. 1989, Brown
1990, Brown and Moyle 1991, Merz and Van-

icek 1996, Brown and Ford 2002, Moyle et al.
2003). Life history data for Ptychocheilus spp.
in tidal systems have not been documented in
detail, though pikeminnow species are known
to occur in tidal low-salinity and fresh-river
reaches (Taft and Murphy 1950, Turner 1966,
Bottom and Jones 1990, Matern et al. 2002).
Perhaps due to limited documentation of catches
from tidal habitats, Sacramento pikeminnow
has been reported as uncommon in the larg-
est tidal freshwater system within its range,
the Sacramento–San Joaquin Delta, hereafter
“Delta” (Moyle 2002).

During 2001 and 2003, we studied fish use of
nearshore habitats in the Delta (Fig. 1). Life his-
tory data for Sacramento pikeminnow in the
Delta are lacking. Here, we address 4 basic life
history questions regarding use of this tidal
freshwater habitat: (1) When and where do
Sacramento pikeminnow occur, and how rela-
tively abundant are they? (2) Does stream inflow
influence use of the Delta as rearing habitat?
(3) What types of prey are eaten? (4) Does
body condition vary spatially or temporally? 
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This information provides new insight into the
life history of Sacramento pikeminnow, its role
as a predator of special-status fishes such as
Chinook salmon Oncorhyncus tschawytscha,
and the restoration needs of native fishes in
the Delta and its watershed.

MATERIALS AND METHODS

Study Area

The Sacramento–San Joaquin Delta (Fig. 1)
is the landward limit of the San Francisco
Estuary and a water supply nexus for much of
California’s population (Arthur et al. 1996). The
Delta comprises an extensive network of tidally-
influenced channels that provide nearly 1100

km2 of potential habitat for Sacramento pike-
minnow and other fishes. It receives freshwater
runoff from approximately 100,000 km2 (40%)
of California’s surface area. Most natural runoff
occurs during winter and spring (December–
May), but a significant proportion of natural
runoff is captured in numerous reservoirs
located throughout the Sacramento–San Joa-
quin watershed. Reservoir releases from the
Sacramento River maintain year-round fresh-
water conditions in the Delta. For instance,
data from the California Department of Fish
and Game indicate that, during this study, spe-
cific conductance did not exceed 4499 µs ⋅
cm–1 (approximately 2% oceanic salinity) at
Sherman Lake, our most seaward site. The
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Fig. 1. The Sacramento–San Joaquin Delta showing sampling site locations. 1 = Yolo Bypass rotary screw-trap site, 
2 = Liberty Island, 3 = Sacramento River, 4 = Sherman Lake, 5 = San Joaquin River, 6 = Mildred Island.
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maintenance of freshwater conditions year-
round supports regional agriculture and fresh-
water exports for agriculture and urban users
to the south (Arthur et al. 1996, Kimmerer
2002). A highly variable average of 4.5 billion
m3 ⋅ yr–1 of fresh water is exported from the
southern Delta (~17% of annual outflow to the
estuary; Kimmerer 2002). Water exports sub-
stantially affect estuarine hydrodynamics, water
quality, and fisheries (Arthur et al. 1996, Ben-
nett and Moyle 1996, Kimmerer 2002).

We sampled fishes monthly (March–October
2001 and 2003) at 5 nearshore sites (Fig. 1).
These sampling sites were chosen for logisti-
cal reasons; all contained substantial amounts
of shoreline that could be efficiently sampled
with a beach seine. The sampling sites in-
cluded shoals <1.5 m deep located along river
channel edges or along levees within former
agricultural “islands” that were subsequently
flooded and not reclaimed (see Grimaldo et al.
2004 for a detailed description of the latter
habitat type). Fishes were collected using a
beach seine and a gill net. All Sacramento pike-
minnow were counted and measured for fork
length (mm). Two persons, transported in a
small, shallow draft boat, entered the water
offshore of a sample area and seined fish using
a 30 × 1.8-m (3.2-mm mesh) beach seine. Each
month, 2–8 seine hauls were made per site.
One site was sampled per day, so 5 days were
needed to complete each month’s sampling.
We collected samples during daylight, usually
during a flooding tide in the afternoon. Esti-
mates of volume swept (m3) by the beach
seine were made using the formula,

V = [OD(L1 + L2)]/4

where O is the perpendicular distance from
shore at the initiation of the haul, L1 is the
length of beach seine deployed parallel to
shore at the initiation of the haul, L2 is the dis-
tance remaining between the seiners when
they reached the shoreline, and D is the water
depth at the initiation of the haul. All mea-
surements except water depth were estimated
to the nearest 0.1 m using a tape measure after
the net was brought to shore. Initial water
depth (±0.1 m) was estimated using a ruler
marked on the beach seine brails. Mean depths
at the start of beach seine hauls averaged about
1 m at all sites.

Deeper water near the beach seine sites
was sampled using a gill net (60 × 2.4 m with
randomized graded-mesh panels of 51–102-
mm stretch mesh). The gill net was set parallel
to shore for 20–30 minutes, 2–6 times per
visit, in water approximately 2–4 m deep. We
used a parallel-to-shore deployment to mini-
mize incidental captures of offshore-oriented
species of concern (salmonids and sturgeon)
and short deployment times to minimize mor-
tality of all species. Most sampling was con-
ducted around sunset to coincide with active
foraging periods of piscivores including Sacra-
mento pikeminnow (Brown 1990).

To determine whether river flow influenced
the dispersal of Sacramento pikeminnow into
our study area, we examined longer-term data
from rotary screw-trap sampling in the Yolo
Bypass. The rotary screw-trap sampling meth-
ods were described by Sommer et al. (2004).
We used linear regression to test for an effect
of log-transformed Yolo Bypass flow (USGS
gauge at Woodland, CA) on Sacramento pike-
minnow catch per unit effort (fish ⋅ 24 hr–1) in
the Yolo Bypass Toe Drain (Fig. 1). Both vari-
ables were calculated for the period 1 January
through 30 June 1998–2004.

We subsampled up to 10 Sacramento pike-
minnow per gear per sampling day for exami-
nation of body condition and feeding habits.
Whole fish up to 306 mm were preserved in
10% formaldehyde. In the laboratory they were
remeasured. Preservation times varied from
approximately 2 weeks to 4 months. Prior to
dissection for gut content analysis, the fish
were weighed to the nearest 0.01 g using an
electronic balance. Their foreguts were then
removed and all contents were identified to
lowest practicable taxon. For Sacramento pike-
minnow larger than 306 mm, the entire diges-
tive tract was removed in the field and pre-
served as above; only foregut contents were
examined in the laboratory. Diet composition
was summarized as frequency of occurrence.
An initial visual inspection of diet composition
data elucidated a noticeable change in frequency
of piscivory between Sacramento pikeminnow
<150 mm and >150 mm. Therefore, we sum-
marized the diet composition of these size
classes separately.

We summarized beach seine catch of Sacra-
mento pikeminnow as frequency of occurrence
and density (fish ⋅ 10,000 m–3). Each metric was
ranked relative to other species collected. For
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each year, we plotted Sacramento pikeminnow
lengths versus date of collection to qualitatively
evaluate fish sizes vulnerable to our 2 gear
types. This allowed us to make coarse assess-
ments of age structure. Based on these data,
we determined that beach seine efficiency was
poor for Sacramento pikeminnow ≥200 mm.
Declining beach seine efficiency with increas-
ing fish size is a well-documented phenome-
non (Bayley and Herendeen 2000). Based on
these results, we excluded Sacramento pike-
minnow larger than 200 mm from statistical
analysis of the beach seine data. Natural log-
transformed densities of Sacramento pike-
minnow <200 mm were tested for differences
among years and sites using 2-way ANOVA.
For Sacramento pikeminnow ≥200 mm, we
limited ourselves to a nonstatistical assess-
ment of interannual and spatial trends in rela-
tive abundance. We used a combination of
beach seine and gill net catches of these larger
fish to calculate annual, site-specific abun-
dance indices based on the percentage of
monthly samples in which at least 1 individual
≥200 mm was collected.

We analyzed linear regression residuals
from ln-transformed length-weight (LW) rela-
tionships developed with pooled 2001 and
2003 data to examine spatial and temporal
variation in body condition. This approach is
equivalent to relative condition factor (LeCren
1951) without the residuals converted to per-
centages of a maximum value. We avoided
transforming the residuals into percentages
because percentages are a less desirable data
format for ANOVA. We used 3-way ANOVA to
test for effects of year, season (March–June
versus July–October), and sampling site on
the LW residuals.

RESULTS

We collected 587 Sacramento pikeminnow
(mean FL = 118 mm; range = 41–463 mm) in
299 beach seine hauls during 16 months of
sampling. Ninety-four percent were <200 mm
(Fig. 2). We collected 30 Sacramento pike-
minnow (mean FL = 352 mm; range = 240–
540 mm) during 61 hours of gill net sampling,
with at least 1 collected by gill net in 14 of 16
months sampled. An additional 923 Sacramento
pikeminnow (mean FL = 85 mm; range =
30–215 mm) were collected during the 7 years
of rotary screw-trap sampling. Based on the

observation that Sacramento pikeminnow <50
mm were not collected after March in 2001,
we conclude that we did not catch any 2001-
year-class fish during their first growing sea-
son (Fig. 2). We may have collected small
numbers of 2003-year-class fish in 2003 because
2 individuals collected in June were the small-
est (<50 mm) Sacramento pikeminnow col-
lected that year (Fig. 2). However, the vast
majority of the Sacramento pikeminnow we
collected were probably age 1 or older. Based
on an equivalent analysis of the rotary screw-
trap data, virtually all (99.8%) of the Sacra-
mento pikeminnow collected also were age 1
or older.

The growth (and possibly mortality) of Sacra-
mento pikeminnow during our sampling sea-
sons had a negative effect on catchability that
was apparent after June or July (Fig. 2). Despite
this seasonal decline in catch and the low catch
of age-0 individuals, Sacramento pikeminnow
were among the more common fishes col-
lected in both years. Based on beach seine col-
lections, Sacramento pikeminnow occurred in 
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Fig. 2. Sacramento pikeminnow fork length (mm) ver-
sus date of collection for 2001 (top) and 2003 (bottom).
The data are pooled from all sampling locations. The
dashed lines at 200 mm indicate level above which beach
seine efficiency declined.
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57% of site visits in 2001 and 79% in 2003.
This ranked 7th of 36 species in 2001 and 2nd
of 32 species in 2003. Average beach seine
densities of Sacramento pikeminnow were 16
fish ⋅ 10,000 m–3 (2001) and 41 fish ⋅ 10,000 m–3

(2003). These densities also were the 7th and
2nd highest of all fishes collected in 2001 and
2003, respectively.

Sacramento pikeminnow <200 mm occurred
at higher densities in 2003 than in 2001 (F =
6.41, df = 1, P = 0.01). Density also differed
among sites (F = 9.54, df = 4, P < 0.001), but
there was no difference in density across sites
between years, i.e., there was no site × year
interaction (F = 0.733, df = 4, P = 0.57). The
site effect resulted from near zero catches at
Mildred Island where density was lower than
at any of the other 4 sites (Tukey multiple
comparison tests for unequal n; all P < 0.05).
No other between-site differences in density
were detected (Tukey multiple comparison
tests for unequal n; all P > 0.05). Stream flow,
as indexed by flow in Yolo Bypass, was corre-
lated with Sacramento pikeminnow catch per
unit effort as they entered the Delta through
the Toe Drain (Fig. 3; r2 = 0.97, df = 6, P = 5
× 10–5).

As with Sacramento pikeminnow <200 mm,
the distribution and relative abundance of in-
dividuals ≥200 mm at Mildred Island (n = 0)
was lower than at the other sites (Fig. 4). In
contrast to the smaller fish, distribution of
Sacramento pikeminnow ≥200 mm appeared
to vary among years. In 2001, large Sacramento
pikeminnow were only collected at Sacramento
River sites and appeared to increase in abun-
dance in a downstream direction. In 2003,
catch was more evenly distributed among the
4 sites at which individuals were collected.

Sacramento pikeminnow ate a variety of prey
(Table 1). The most commonly occurring prey
for Sacramento pikeminnow <150 mm were
benthic invertebrates, corophiid amphipods
(78%), and annelids (26%). A variety of fish
taxa were preyed on by Sacramento pikemin-
now <150 mm, but all prey fish taxa occurred
in ≤4% of foreguts. Sacramento pikeminnow
≥150 mm had lower frequency of occurrence
of most invertebrate prey and higher fre-
quency of occurrence of most fish prey. Gobies
and inland silverside were the most commonly
eaten identifiable prey fishes. No salmonids
were identified as prey items in either year.

The LW relationship for Sacramento pike-
minnow was ln(weight) = ln(length)(2.915) –
11.10 (r2 = 0.99, n = 314). The LW residuals
differed significantly between seasons (F =
70.2, df = 1, P < 0.001; Fig. 3), but not be-
tween years (F = 2.29, df = 1, P = 0.13), or
among sites (F = 1.57, df = 3, P = 0.20). None
of the interaction terms were significant (all P
> 0.15). This finding suggests body condition
declined midway through both sampling 
seasons.

DISCUSSION

Sacramento pikeminnow is one of the most
abundant native fishes in the Sacramento–San
Joaquin watershed (Moyle 2002). Our results
suggest Sacramento pikeminnow may be more
common in the Delta than was previously rec-
ognized. Further, the Delta may be an impor-
tant rearing habitat for juvenile (age 1 and older)
Sacramento pikeminnow. Our results also sug-
gest that interannual variation in stream flows
may play an important role in determining how
many juvenile Sacramento pikeminnow rear
in the Delta. However, the Delta does not
appear to be an important rearing habitat for
age-0 Sacramento pikeminnow. Dege and
Brown (2004) reported the results from 7 years
of larval fish sampling in the Delta and upper
San Francisco Estuary. The program conducted
approximately 1000 trawls per year from March–
July 1995–2001. During this period, only 1
larval Sacramento pikeminnow was collected.
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Fig. 3. Linear regression relationship between log10-
transformed Yolo Bypass flow (m3 ⋅ s–1) and log10-trans-
formed Sacramento pikeminnow catch per unit effort (fish
⋅ 24 hr–1) from a rotary screw trap in the Yolo Bypass Toe
Drain, January–June, 1998–2004. The flow data were
taken from the USGS gaging station for Yolo Bypass at
Woodland, California.
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Sacramento pikeminnow spawn in nontidal
tributaries of the Sacramento and San Joaquin
rivers, and the mainstem Sacramento River
above tidal influence (Taft and Murphy 1950,
Brown 1990, Brown and Ford 2002). Spawn-
ing typically occurs in late spring–early sum-
mer over gravel substrates in running water
(Moyle 2002). In a recent study of the Feather
River (Fig. 1) Sacramento pikeminnow larvae
were collected May–August (A. Seesholtz, Cali-
fornia Department of Water Resources, per-
sonal communication). Unregulated Sacramento
Basin flows are very rare from May–Novem-
ber. After hatching, larval Ptychocheilus spp.
disperse via river flows (Gadomski and Barfoot
1998, Harvey et al. 2002), but quickly seek out
suitable shallow backwater habitats (Gadomski
et al. 2001, Moyle 2002). Thus, we hypothe-
size that spawn timing and habitat preferences
of age-0 Sacramento pikeminnow facilitate
their retention in natal tributaries.

Sacramento pikeminnow that migrate to
the Delta as juveniles may grow faster than
individuals in tributary habitats. As evidence
for this hypothesis, Sacramento pikeminnow
collected from a Delta location (Sacramento
River at Clarksburg) had the highest reported
size in a comparison of 9 California sites (Brown
1990). Fish from Clarksburg averaged 128 mm
at formation of their 1st annulus and 221 mm
at formation of their 2nd annulus, whereas
average lengths ranged from 52–85 mm and
99–168 mm for same-age fish at the other 8

sites. We did not age the Sacramento pike-
minnow we collected and we do not know their
rearing history prior to Delta entry. However,
most individuals appeared to have grown to
sizes over 200 mm by late summer (Fig. 2).
Thus, we think these fish were growing at
rates comparable to the Clarksburg fish (Brown
1990). Note however that our results indicated
that body condition detiorated significantly
during summer. Therefore, the Delta may only
provide a seasonal benefit to juvenile Sacra-
mento pikeminnow.

As described above, Sacramento pikeminnow
spawn in nontidal habitats. Therefore, adult
Sacramento pikeminnow inhabiting the Delta
must migrate upstream to spawn. However, it
is not clear from our results whether sexual
maturity or any other particular cue results in
patterned upstream migration. Studies of Pty-
chocheilus spp. migratory behavior indicate
there is considerable individual variation; some
individuals do not move appreciable distances
while others migrate tens of km or more
(Brown 1990, Osmundson et al. 1998). In an
extreme example, 1 individual adult Sacra-
mento pikeminnow tagged in the Delta was
recovered 400 km upstream at Red Bluff, Cali-
fornia (Moyle 2002). Sacramento pikeminnow
reach sexual maturity at 220–250 mm FL (Moyle
2002). Therefore, adults were fairly invulner-
able to our beach seine sampling, though a
few were collected in the gill net (Fig. 2). Most
of the Sacramento pikeminnow collected in
the gill net (68%) were captured during the
latter half of our sampling seasons (July–Octo-
ber). Thus, it is possible that this reflected
adults returning to the Delta after spawning.
However, this pattern was less pronounced in
2003 than in 2001 (Fig. 2). Additional study of
Sacramento pikeminnow migrations in the
Sacramento River is warranted.

To date, the major management issue in-
volving Sacramento pikeminnow concerns pre-
dation of young salmonids (Brown and Moyle
1981). Thus, recognition of common, fast-grow-
ing Sacramento pikeminnow in the Delta
could alarm salmonid managers. Although
salmonid fishes were not an identified prey of
Sacramento pikeminnow in this study (Table
3), our data are based on very low sample size.
Further, most of the Sacramento pikeminnow
we collected were not large enough to effi-
ciently prey on juvenile salmonids. In the
Columbia River basin, northern pikeminnow
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Fig. 4. The percentages of sampling dates during which
Sacramento pikeminnow ≥ 200 mm were collected by beach
seine or gill net at 5 sites in the Sacramento–San Joaquin
Delta, March–October 2001 and 2003. From left to right
on the x-axis, the first 3 sites are in the Sacramento River
and the latter 2 are in the San Joaquin River. Within each
basin, the sites are ordered from downstream to upstream.
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are not considered efficient predators of juve-
nile salmonids until they attain a length of 250
mm (Ward et al. 1995, Zimmerman 1999). It is
also possible that we failed to observe preda-
tion on salmonids because adult Sacramento
pikeminnow inhabit deeper water than juve-
niles (Brown 1990). Nonetheless, it should be
noted that most Sacramento pikeminnow ≥200
mm were collected from sites in the Sacra-
mento River (Fig. 3; see also Turner 1966),
where survival of young Chinook salmon tends
to be comparatively high (Brandes and McLain
2001). Therefore, we do not think predation
by Sacramento pikeminnow is a major source
of mortality for Chinook salmon in the Delta.

A variety of restoration projects are being
considered in the Delta and its watershed to
reverse declines in native fishes. One approach
being considered is the inundation of sub-
sided agricultural lands to create tidal wet-
lands (Lucas et al. 2002). Although flooded
islands can support high production of lower

trophic levels, inundation of agricultural land
can create lake-like habitats with poor circula-
tion and extensive beds of submerged vegeta-
tion that harbor extensive nonnative centrar-
chid populations (Brown 2003). Sacramento
pikeminnow are usually not abundant in lakes
containing large centrarchid populations
(Moyle 2002). This is consistent with our find-
ing of near zero catch of Sacramento pike-
minnow at Mildred Island. This hypothesis
likely applies to other native species as Gri-
maldo et al. (2004) reported low numbers of
larval native fishes from Mildred Island and
similar nearby habitats.

In summary we hypothesize that some
Sacramento pikeminnow disperse into the Delta
at age 1 (or older), where growth appears to be
relatively fast during spring and early summer.
The dispersal of juveniles into the Delta may
be facilitated by stream flows encountered dur-
ing the 2nd (calendar) year of life. It remains
unclear whether these Sacramento pikeminnow
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TABLE 1. Sample sizes, mean fork lengths (mm + length ranges), and diet composition (percentage of guts containing
each prey taxon) of age-1 and older Sacramento pikeminnow in the Sacramento–San Joaquin Delta, March through
October 2001 and 2003. Diet data were divided into 2 size classes: <150 mm FL and ≥150 mm FL.

Prey taxa <150 mm ≥150 mm

ANNELIDSa 26 6
INSECTS

Diptera 4 6
Heteroptera 5 0
Odonata 1 0
Other or unidentified 19 8

CRUSTACEANS

Microzooplanktonb 3 0
Corophiid amphipods 78 20
Gammarid amphipods 12 2
Isopods 9 4
Siberian prawn (Exopalaemon modestus) 1 0
Crayfish 0 4

FISHES

Inland silverside (Menidia beryllina) 1 12
Striped bass (Morone saxatilis) 1 2
Prickly sculpin (Cottus asper) 1 2
Tule perch (Hysterocarpus traski) 0 2
Bigscale logperch (Percina macrolepida) 0 2
Gobiidae 4 12
Clupeidae 3 4
Unidentified fishes 1 16

PLANT MATERIAL OR DETRITUS 4 14

TOTALS <150 mm ≥150 mm

Number examined 157 125
Number with food 78 49
Lengths of fish with empty guts 125 (72–149) 230 (150–504)
Lengths of fish with food in gut 107 (65–148) 210 (151–463)
aMost identifiable remains were Neanthes limnicola.
bCopepods and cladocerans
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remain in the Delta until they reach sexual
maturity. It also remains unclear whether adult
Sacramento pikeminnow habitually return to
the Delta after spawning. Juvenile Sacramento
pikeminnow appear to successfully utilize near-
shore, tidal freshwater habitat throughout much
of the area studied. Sacramento pikeminnow
have relatively broad environmental tolerances
(Cech et al. 1990) and opportunistic feeding
habits (Table 1; Brown 1990, Nakamoto and
Harvey 2003). Despite their opportunistic feed-
ing habits, we did not find evidence that
Sacramento pikeminnow pose a significant
threat to salmonid fishes emigrating through
the Delta. Sacramento pikeminnow, like sev-
eral local fish species of concern (Chinook
salmon, steelhead Oncorhyncus mykiss, and
splittail Pogonichthys macrolepidotus) does not
complete its life cycle in the Delta and does
not thrive where centrarchid fishes are abun-
dant (Moyle 2002). Thus, adequate protection
and restoration of the river-estuary continuum
is essential to the continued success of Sacra-
mento pikeminnow and other native fishes.
The ability of Sacramento pikeminnow and
northern pikeminnow Ptychocheilus oregonen-
sis to thrive in modified habitats seems to con-
trast the endangered Colorado pikeminnow.
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