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Abstract
We used radiotelemetry to determine the distribution and movements of paddlefish Po/yadon

spathula in the Allegheny Reservoir . Thirty-one adult and subadult paddlefish collected from spring
congregation areas in the Allegheny Reservoir, New York and Pennsylvania, were implanted with
radiotransmitters and relocated from from 29 May to 29 October 2008 and 10 March to 29 September
2009. Paddlefish showed a significant increase in average size and little variation in condition from 2008
to 2009 . In both prespawning and spawning periods, paddlefish moved upstream and congregated near
predicted spawning areas where the Allegheny River widens and becomes the Allegheny Reservoir.
During the postspawning period paddlefish moved downstream into lower reservoir regions. Forty-five
percent of individuals tracked ended up below the dam of the Reservoir by the end of the study.
Restoration and stocking efforts may now need to focus on determining if natural spawning is taking
place and how individuals traveling through the dam may be affecting the paddlefish population.
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Introduction
Paddlefish (polyodon spathula) once inhabited the waters of the Allegheny River (Cooper 1983)
but pollution and habitat degradation caused the extirpation of the species in New York and
Pennsylvania in the early 1900s (Argent et al. 1998; Carlson 1999; Clancy 2005;). The building of the
Kinzua Dam on the Allegheny River prevented any upstream recolonization of paddlefish to their former
range even after the water quality improved significantly due to the Clean Water Act of 1972.
Biologists now believe that the Allegheny Reservoir created by the building of the Kinzua Dam
may provide an ideal habitat for a sustainable paddlefish population because of the large abundance of
zooplankton and availability of spawning habitat (McKeown et. al. 2000). In 1998 the New York State
Department of Environmental Conservation (NYSDEC) began stocking fingerling paddlefish and efforts
were expanded with the preparation of the Paddlefish Recovery Plan in 1999 (Carlson 1999). Research
is needed to assess the paddlefish restoration project in New York.
Upstream migration of riverine spawning paddlefish has been documented throughout their
range (Purkett 1961, 1963; Robinson 1966; Rehwinkel1978; Pasch et al. 1980; Lein and DeVries 1988;
Paukert and Fisher 2001a) and paddlefish have been found to exhibit similar migrations in reservoirs
(Paukert and Fisher 2000; Stancill et al. 2002). These migrations are believed to be triggered by a
number of environmental cues including water temperature, photoperiod, rising water level, and
increased water velocity (Southall and Hubert 1984; Paukert and Fisher 2001a).
Our goal was to identify seasonal movements of adult and subadult paddlefish and assess the
growth and condition of these individuals. Tracking seasonal movements allowed us to determine if
expected migration behavior, especially spawning runs, was taking place. Evaluation of growth and
condition helped to establish whether or not paddlefish were showing a healthy size increase and
maintaining proper condition as they aged. Expected seasonal movements as well as excellent growth
and condition are strong indicators of a healthy paddlefish population. A sustainable population can
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only be maintained if paddlefish are reaching an age of maturity and naturally reproducing. This study
will provide valuable information about the success of paddlefish reintroduction in the Allegheny
Reservoir and may prove important for future restoration efforts.
Our study was done to identify whether or not paddlefish were exhibiting the expected
migration behavior of moving upstream to spawn then moving downstream to deeper water for greater
food availability. We also wanted to determine if paddlefish would congregate in the predicted
spawning area at the headwaters ofthe Reservoir during the spawning period.
Life History

Paddlefish are found throughout the Mississippi River and its drainages. They feed primarily on
zooplankton and aquatic insect larvae, which they filter from the water (Carlson and Bonislawsky 1981).
Paddlefish are one of the largest fresh water fish in North America and have been known to live beyond
30 years of age. They can reach weights of over 90 kg and can gain 2.2-2.7 kg of weight per year when
living in a suitable ecosystem . Growth rates differ depending on environment and paddlefish generally
grow faster in reservoirs than in rivers. This is presumably because of an increased abundance and
availability of food in reservoirs {USFWS 2001).
Female paddlefish do not reach sexual maturity until8-12 years of age and weights of 12.7-13.6
kg. Males mature faster and reach adulthood at 6-9 yrs of age and weights of 6.8-9 .1 kg {Richarson 2003;
USFWS 2001}. Paddlefish spawn on gravel substrates in areas of increased water flow {USFWS 2001} .
Precise timing of water temperature, photoperiod and flow are necessary for successful reproduction
(Stancill et al. 2002} .
Study Area

The Allegheny Reservoir was formed by the building of the Kinzua Dam in 1965 and is on the
Allegheny River approximately 319 km above the mouth ofthe river at Pittsburgh, PA. It is located in
Warren and McKean Counties, PA, and Cattaraugus County, NY. The Reservoir has a length of 38.9 km
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when pool is at average elevation. It has a maximum area (Reservoir full) of 8.49 hec and a normal area
(summer pool} of 4.86 hec. The mean depth is 14.6 m with a maximum depth of 40.2 m.
From 1998-2005 the NYSDEC has stocked over 6000 paddlefish fingerlings in the Allegheny
Reservoir. Beginning in 2006 and continuing into 2009, over 800 more fingerlings were stocked in
Conewango Creek, a tributary of the Allegheny River (Clancy 2005). The goal of the stocking effort is to
eventually achieve a naturally reproducing and sustainable paddlefish population in the Allegheny
Reservoir and allow for future recolonization of paddlefish into the upper regions of the Allegheny River.

Methods
From the 29 May-10 June 2008, 20 adult paddlefish (17 live, 3 mortalities) were collected near
the head waters of the Allegheny Reservoir. The size of live individuals ranged from 630-970 mm EFL.
Paddlefish presumably congregate in the headwaters of the Allegheny Reservoir due to environmental
cues (e.g., water temperature and flow) that lead to spawning. From the 7 May- 12 June 2009, an
additional19 adult paddlefish (14 live, 5 mortalities) were caught in the same Reservoir area. The size of
live individuals caught in 2009 ranged from 730-925 mm EFL. No recaptures were recorded from 20082009.
Adult paddlefish were captured using floating monofilament gill nets that measured 45.7, 61.0,
and 91.4 min length with mesh sizes of 203, 254, and 304 mm. Soak times ranged from 0.50 to 27.58 hr
at depths of either 1.52 or 3.05 m. Captured fish were removed from nets and placed in a boatmounted live well to ensure wellbeing. The date, release site, eye to fork length (EFL), and weight were
recorded for each live capture.
Each fish was implanted with an F1850 paddlefish implant transmitter (Advanced Telemetry
Systems, Isanti, Minnesota) having a detection range of around 0.80 km at the surface and 3.0-6.0 mat a
depth of 7.5 m. Each transmitter emitted a unique frequency that allowed for the identification of
individual fish. To implant transmitters, fish were placed in large plastic bins with their ventral side
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facing up . The bins were filled with water up to gill level to allow the fish to breathe but prevent water
from entering any incisions made during surgery. Fish were restrained by hand and MS-222 was used as
anesthesia . Small incisions (around 4 em) were made on the ventral side offish, between the pelvic and
pectoral fins, using a stainless steel scalpel. A small exit hole was created behind the pelvic fins to
accommodate the antenna. The antenna was fed back through this hole as the transmitter was gently
slipped through the incision and situated just above the pelvic girdle on the fish. The wound was closed
using sterilized sutures (OS-3} and fish were injected with antibiotics to prevent infection. After surgery,
each fish was held in a live well until it appeared to be healthy, whereupon it was released. All fish
recovered within an hour of surgery and no mortalities were recorded .
Transmitter-tagged fish were tracked from 29 May-29 October 2008 and 10 March to 29
September 2009. The reservoir was split into two areas which could normally be covered by
radiotelemetry in an 8 hr day. Each area was searched 2-3 times by boat each week. Covering an area
took 6-8 hours depending on speed of boat and total distance traveled. The order of searching was
based on logistical (e.g., weather and time) constraints . Each zone was covered by using a zigzag
pattern from shoreline to shoreline and gradually traveling vertically through the Reservoir. An R410
Scientific Receiver Rec 4MHz, a 13860 3 Element Folding Vagi Antenna, and a 11606 RG58 Coax Cable-Sft
(Advanced Telemetry Systems, Isanti, Minnesota) were used to detect transmitter frequencies using an
8 second pulse rate. Fish were considered located when signal strength could be heard equally in all
directions as the antenna was moved in a 360 degree motion. Fish locations were recorded with a
Global Positioning System (GPS} receiver. In order to determine any movement from the Reservoir
through the Kinzua Dam or up into the Allegheny River, tracking was done above and below the
Reservoir on several occasions.
Using procedures described by Stancill et al. (2002), paddlefish sampling was classified into four
seasons: prespawning, spawning, postspawning, and winter. Seasons were defined by different
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environmental conditions (temperature, photoperiod, water level). Prespawning season (1 March-30
April) occurred when water temperature, photoperiod, and water level increased after the winter
months. This season is usually associated with long distance upstream movements. Spawning season (131 May) consisted of the period when water temperatures were between 13•c and 18·c at a depth of
1.5 m and during this time fish tend to congregate in presumed spawning areas. The postspawning
period (1 June-30 September) was classified as the time when water temperatures exceeded 18•c and
water level began to decrease . Fish will normally begin to move downstream during this period. The
winter season (1-29 October) occurred when water temperatures began to decline and lasted until the
last tracking session of the year.
Data analysis

To determine the health of paddlefish a condition index was performed. Weight versus EFL of
each individual was plotted and a best fit (exponential) regression equation was used. In order to
identify change in condition from 2008 to 2009 the mean condition of each year was compared . To
assess size change from 2008 to 2009, the mean EFL was compared for each year. It is assumed that the
same population was sampled in both years and any change in condition reflected change in the same
individuals from year to year. Although additional stocking was done in a tributary ofthe Allegheny River
(Conewango CreekL these individuals should have had little effect on the adult and subadult
populations of paddlefish sampled due to the fact that only fingerlings were stocked . No recaptures
were recorded from 2008-2009.
To quantify movements of fish by season, a linear mixed model was done for 2008 and 2009.
Latitude and longitude were plotted versus date. The Allegheny River flows into the headwaters of the
Allegheny Reservoir and travels southwest to the Kinzua Dam. In order to find suitable spawning habitat
paddlefish are predicted to travel northeast in the prespawning season and continue northeast into the
section of the reservoir where it meets the Allegheny River during spawning season . Photoperiod and
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water temperature (13-18°C) control the timing of spawning, but an increase in water flow !s the
triggering mechanism necessary to stimulate spawning (Stancill et al. 2002). Paddlefish spawn over
gravel substrates where fast moving water provides oxygen and prevents silt from suffocating the
developing embryos (USFWS 2006). The northeast section ofthe Allegheny Reservoir is predicted to
provide proper temperature and photoperiod for spawning along with increased water flow to stimulate
reproduction. This section of the Reservoir should also provide suitable gravel substrate for egg laying.
After spawning season, fish should have traveled southwest in the postspawning and winter seasons to
find deeper water where zooplankton would be more abundant.
Results

Between May-29 October 2008 and 10 March to 29 September 2009, paddlefish were relocated
4 to 34 times per individual, for a total of 503 relocations of the 31 tagged paddlefish (Figure 1). Ofthe
17 individuals tagged in 2008, 14 (82 .3%) of them were located again in 2009. Fourteen fish traveled
through the Kinzua Dam at some point and are believed to have been killed by the turbines used for
hydroelectric power.
The mean EFL sizes and the mean condition of the 17 individuals caught in 2008 were compared
to the EFLand condition of the 14 individuals caught in 2009 (Figure 2, Figure 3). There was an increase
in the average size of the fish caught in 2009 compared to those caught in 2008 (linear mixed model
with repeated measures: F1,532 = 19.26, P < 0.0005). Condition did not differ significantly from year to
year (F1,s 3 2 = 0.31, P = 0.58).
We used linear mixed models to test for seasonal changes in latitude and longitude while
accounting for repeated measures of individual fish. Date had a significant effect on latitude (F =
469.28; df = 1, 528; P < 0.0005) and longitude (F = 398.78; df = 1, 529; P < 0.0005) (Figure 3). Beginning
in May fish are located in proposed spawning area. Latitude begins to decrease and longitude increases
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Figure 1
The Allegheny Reservoir in New York and Pennsylvania is bounded by the Kinzua Dam at its lower end
and the Allegheny River at its upper end. All fish locations are shown on map.
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EFL mean size comparison from 2008 to 2009
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Figure 3
Mean condition index comparison from 2008 to 2009
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Figure 4
Date is displayed by day of the year where day 1 is January 1 and day 365 is December 31.
Prespawning season occurs from Day 91 to 150. Spawning season is from Day 151 to 180.
Postspawning season is from Day 181 to 330. Winter is from day 331 to 365 and Day 1 to Day 90.
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Figure 5
Date is displayed by day ofthe year where day 1 is January 1 and day 365 is December 31. Beginning
in May fish are located in proposed spawning area. longitude begins to increase as day number
increases; showing a western movement as spawning period ends and post spawning and winter
seasons begin.
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as day number increases; showing a southwestern movement as spawning period ends and post
spawning and winter seasons begin.

Discussion

This study provided evidence that subadult and adult paddlefish are experiencing growth from
year to year with little variation in condition assuming the population sampled in 2008 did not differ
from that in 2009 . This suggests that the Allegheny Reservoir provides an ideal habitat for fingerling
paddlefish to grow into maturity and remain healthy.
Paddlefish exhibited distinct seasonal movements and preferred different reservoir areas
seasonally. Paddlefish locations during prespawning and spawning seasons indicated that individuals
were traveling up near the headwaters of the Allegheny Reservoir. This area is likely an ideal spawning
location because of its availability of gravel substrates and fast moving water. During the postspawning
season paddlefish exhibited a strong down stream migration to reservoir areas of deeper depth. Few
paddlefish were located in the winter season most likely due to our inability to pick up fish transmitters
at great depths . Paddlefish will usually congregate in deep water areas after spawning because of an
increased availability offood (Pittman and Parks 1994; Zigler et al. 1999; Paukert and Fisher 2001b).
Our results suggest that paddlefish are healthy and are migrating to areas where environmental
cues may trigger spawning attempts . In order to determine whether the Allegheny Reservoir will be
able to support a sustainable paddlefish population, natural spawning must be identified. Those
stocking paddlefish may also need to take into account the large number of individuals that are traveling
through the Kinzua Dam . These mortalities could be a potentially large constraint on the project.
Restoration efforts appear to be successful so far but focus needs to be shifted to natural reproduction
and the number of fish that are being lost through the Kinzua Dam.
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