
Adult paddlefish migrations in relation to spring river conditions of the Yellowstone





reach of the MRAC directly below Fort Peck Dam, with the
lower 250 km having numerous sand bars due to increased

sediment inputs from turbid tributaries. Mean annual dis-
charge for the MRAC near Culbertson, Montana is approx.
291 m3 s)1 (United States Geological Survey, 2003).

Tagging

Floating experimental gill nets 25 m in length (mesh sizes

7.6 cm, 10.2 cm, and 12.7 cm bar measure) were drifted in the
MRBC to capture mature paddlefish during the autumn of
2002 and spring of 2004. Lotek Model 32_1s (Lotek Inc.

Newmarket, ON, Canada) combined acoustic radio tags were
surgically implanted into each fish following methods
described in Ross and Kleiner (1982). Body lengths (front of

eye to fork of caudal fin; Ruelle and Hudson, 1977) and
weights were recorded and sex determined during tag implan-
tation by visually observing the gonads through the incision.
All fish were sexually mature at the time of tagging. In 2002, 10

male and 10 female paddlefish were tagged (Table 1). In 2004,
11 male and nine female paddlefish were tagged (Table 2).

Tracking

Tracking was conducted using fixed receiving stations and a

powerboat (manual tracking) from April to October. Fixed



is the change in discharge for the MRAC, and d equals number
of days between contacts. The difference in the magnitude of

discharge between rivers was calculated as:

Dy�m ¼ log10ðDy=DmÞ

where Dy)m is the difference in the magnitude of discharge
between rivers, Dy is YR discharge, and Dm is MRAC
discharge.

Telemetry contacts were assigned a river kilometer with
positive and negative values indicating distance upstream or
downstream of the Confluence. Changes in discharge, sus-
pended sediment, or temperature (XD) during the period

elapsed between contacts were calculated as:

XD ¼ log10ðXt2=Xt1Þ

where Xt2 is discharge, suspended sediment, or water temper-

ature on latter day of contact and Xt1 is discharge, suspended
sediment, or water temperature on former day of contact.
Multiple regression models were used to evaluate which

river variable(s) were most closely associated with directional
movements. Principal components analysis (PCA) was used to
create subsets of explanatory variables (Johnson and Wichern,

2002). All principal component scores were then used as new
explanatory variables in multiple regression models.
Analysis of variance was used to examine sex-related

influence on movement rates and total distance traveled during

migration. The main factor in the model was sex with
individual fish treated as sampling units to avoid problems
associated with serial correlation (Kenward, 1992).

Results

All 20 fish (10 males, 10 females) tagged in 2002 were relocated
during the 2003 field season. A total of 513 contacts was made
between 9 April and 22 October 2003. Contact occurrence was
highest in May (148 relocations). Transmitters of four females
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migrants) on 14 May when discharge was 331 m3 s)1 and
mean daily water temperature was 12.4�C.
In 2004, of the 21 fish that moved above the Confluence, 19

(10 males, nine females) were contacted in the YR at least

once. Eight female and 10 male fish were contacted in the
MRAC at least once. Five males and six females were found to
enter one river then subsequently enter the other river at least

once. First entry into the YR peaked at eight fish (38% of total
migrants) on 10 May when discharge and water temperature
were 182 m3 s)1 and 15.8�C, respectively. First entry into the

MRAC peaked at four fish (19% of total migrants) on 21 May
when discharge was 334 m3 s)1



Differences between sexes

No significant difference was found between mean total

migration distance of males and females (ANOVAANOVA, P = 0.894).



increase predation on larvae by clear-water adapted predators,
as has been shown in other species (Johnson and Hines, 1999;

Gadomski and Parsley, 2005; Bestgen et al., 2006). A lack of
empirical data regarding differential hatching rates and larval
survival rates between the MRAC and YR makes it difficult to

draw definitive conclusions. If suitable spawning conditions
are not met, attraction flows could serve as an ecological trap,
drawing paddlefish into the more altered MRAC and hinder-
ing rather than aiding successful reproduction of paddlefish

and possibly other species, including the pallid sturgeon.
Results from this study indicate a strong relationship

between directional movements of paddlefish in the YR and

discharge and suspended sediment. The overall upstream
movement of paddlefish with increasing discharge observed
in 2003 and 2004 is consistent with the idea that increases in

discharge may trigger fish to move out of staging sites in the
MRBC and into either the YR or the MRAC. These results are
consistent with other studies. Firehammer and Scarnecchia
(2006) reported that directional movements in the Yellowstone

River 1999–2002 were positively related to changes in dis-
charge and turbidity but not temperature. Paukert and Fisher
(2001) used jaw tag recoveries and biotelemetry to investigate

spawning migrations of paddlefish in Keystone Reservoir,
Oklahoma. High flows (>1400 m3 s)1) from tributaries
appeared to direct paddlefish migrations whereas water tem-

peratures and photoperiod had little influence.
Paddlefish exhibited greater cumulative movement in 2004

(a low water year) than in 2003 (a high water year). A possible




