APPENDIX L
FORT PECK BIOLOGICAL MONITORING DATA



Fort Peck Mini Test

Final
U.S. Army Corps of Engineers

Environmental Assessment

This page intentionally blank




Movements and Habitat Preferences of Adult
Post Spawn Pallid Sturgeon
Pallid Sturgeon Telemetry Study

2001 Progress Report

by
Wade L. King
Fishery Biologist
ard
Ryan Wilson

Biological Technician

U.S. Fish and Wildlife Service
Missouri River FWMAG
Bismarck, North Dakota

January 29, 2002




Introduction

This progress report summarizes telemetry research feld activities conducted in the 2001 fi=id
se2son 11 accordasice with the US Fish and Wildlife Service’s (USFWS), Post Spawn Pallid
Sturgeon Telemetry Study. Funding for this Project has been provided by Western Area Power
Administration (WAPA), the US Army Corps of Engineers (USACE}) and the USFWS.

Due to limited amaounts of data CONCerning post spawn movements of pailid sturgeon, the
USFWS injtiated a long term study in an attempi 1o answer some of the unresolved questions
about these unique, native river fish.

The main goals of this study are to monitor post Spawn migrational movements to help identify
paliid sturgeon spawning areas, determine pallid sturgeon response to Spring Test Flows >
out of Fort Peck Dam to see if mimicking natural flows will expand pallid use and habitat into
the Missouri River above the confluence of the Yellowstone River, and to evalyate reproductive
siages of known post spawn females. We also hope telemetersd pallid sturgeon will serve as an
important tool for future broodstock capture by utilizing and netting possible aggregations in
relation o tefernetered fish as Tews (1993) demonsiratad during tall tagging. Werting additional
fish and rarking them with Passive Integrated Transponder (PIT) tags will also serve to help
sirengthen current population estimates.

Stud}' Area

The pallid sturgeon study area (See Figure 1, for core study area), for the most part, is a semi-
confined stretch of approximately 290 river miles encompassing the Missouri River from Fort
Peck Dam to the head waters of Lake Sakakawea and from the Yellowstone River conflusnce
(~ RM 1382.0) up the Yello wstone River to the Intake Diversion Dam, Intake, Montana.

Within our study core area, we placed three fixed data logging starions to shorten iracking zones
into more manageable reaches. This served dual Purposes because it aided researchers in
tracking fish ard gives us conlinual movemeat data within this area,

As suggested in the Pog: Spawn Telemetry Study Plan, fixed data :0gging station locations had to
be adfusted duc to g variety of factors, but eventually all taree stations wers placed {n wel] suited
areas that met the criteriz needed to work effectively, Qur first siation mitially was placed up the
mouth of the Yellowstone River a few hundred yards (576506 E, 5314283 N) adjacent to or
above the confluence on the west river bank below the high water lire. Later in the summer, it
was moved to the east bank on privare property, due to low water conditiors. The second
station, which {s identified ay the Fort Union Station (586880 E, 5315030y, is approxiniately
five river miles up the Missouri River above the confluence, and as its name suggests, lies dus
cast al Fort Unign State Park on the norty shore of the Missouri River on State owned land . The
third station was located down the lower Missouri River approximately 1! river miles below the
confluence and is adjacent to the Erickson Island State Game Production Arca. The Erickson
Island Station is located on the north shore of the mﬁnagemcnt area (572089 E, 5316011 N,
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Methods

Adult pallid sturgeon used for our telemetry study are products of the 2000 and 2001 spawning
activities performed at Garrison Damn National Fish Hawchery (GDNFH 2000), Riverdale, North
Dakota, and the Miles City State Fish Hatchery (2001} at Miles City, Montana,

Crews from Montana Fish, Wildlife and Parks {MTFWP), Fort Peck Ficld Office, and the
USFWS, Bismarck, North Dakote, worked coaperatively to provide hatcheries with gravid
broodstock pallid sturgeon. Fish were collected by drifting 150' long by 6' high trammel nets
with two panels (6" inside panel and 10" outside pane) along the bottom of the river with one
end connected to the boat and the other end free floating, Predominantly, most pallid sturgeon
were caught within the true confluence of the two rivers or directly downstream in the lower
Missoun within a few bundead yards of the confluence, as well as g fow hugdred yards up the
Yellowstone River. '

Once a fish was netted, the pallid sturgeen was brought back to the boat ramp where
motphometric and meristic dara were taken, In addition, the fisk was staged by hatchery
personnel (Rob Holm, GDNFH) to assess if it was a male or female, gravid or nengravid, and
whether the fish would be transported 10 the hatchery for propagation purposes. If found to be a
candidate for propagation, the fish was vaceinated with an antibiotic (Biomyocin) and loaded on
a fifth wheel distribution trailer and trafisported to the appropriate hatchery,

The “Class of 2000" fish were spawned at GDNEH on June 14, 2000, and telemetry transmitters
were surgically ficted at the hatchery on August 28, Ten fish, 1wo Temales and eight males were
tagged with transmitters (Table 1). These fish were kept at the hatchery to recover from the
induced siress caused by handling at spawning time, as well as the surgical procedures used to
deploy tags. The pallids were rerurmed to 1he confluence on October | through the 12, 2000.

Due to the virus issues associated with GDNFH, the Upper Basin Pallid Workgroup decided thgt
2001 pallid sturgeon spawning would take place at the Miles City State Hatchery in Miles City,
Montana. Six fish (Class of 2001, Table 2) were spawned ar Miles City hatchery on June 26th,
2001. Due to room shortage at the hatchery, fish were swgically tagged on July 3 and were
retumed to the confluence on J uly 9 and 10, 2001, Unfortunartely, one of the female pailid
$wurgeon died after tagping, thus leaving one female and four males to remurn back to the river for
study purposes. (A iotal of 15 were racked during the study). ‘

Pallid sturgeon were surgically implanted with Combined Acoustic Radio Transmiters

( CART ), manufactured by Lotek Engineering Inc. of New Market, Ontario. The transmitter
utilized in the study, Mode] CART 32_18, is an internal tag with an external antennas (~18
inches) with 4 listed longevity rate of five years, based on a five second burst rate, Diameter of
the tag is 32 ram in length, and weighs 61.0 grams (weight in water),

We chose to employ CART tags o utilize the dual aspect of the tags, using the radio aspect in
wide shallow reaches of the river or in and around island complexes, and using the sonic aspect
in deep, highly turbid areas where radio telemetry would be compromisad.



. Weight in Weight in  Fork Length Fork Length
Name Code Sex PiTtag#® Pounds Kilegrams ininches in Millimeters

Art 18 M 1F2845755B 33 14582 51 . 1285
Al 22 M 1F4A004552 26 11783 52 1335
Annig 25 F o 1F47715752 43 24870 B2 + 1580
Ahdre 28 M TF7BO81579 3z 14528 86 1444
Alex 34 M 1155256344 38 168344 56 1404
Aaran - 38 M 1F477B3ASS 45 20430 57+ 14568
Arnie 44 M 2202236E31 &1 27654 G0+ 1842
Archie 48 M 1F4A33184B 45 20340 &7+ 1468
Andrew 50 M 1F4A143350 28 12712 53+ 1352
Amber §2 F __ 118713668A 57 25878 58+ 1518

Table 1. Class of 2000, Pallig sturgeon tagged and spawned in 2000 at the Confluence of the
Yellowstore and Missouri Rivers, Name, cade, sex, Pit tag numbers, weight, and lengths are
listed.

Weightin Weightin Fork Length Fork Length
Name Code Sex PiTtag# Pounds Kilograms inlInches in Millimeters

Butich 2 M 1F4A27214F <0 22857 &1 1541
Bridgetf 13 F 220E345E09 61 27571 Ba+ 1615
Bart 14 M 1158312224 2g 13287 52+ 1340
Baob 18 M 7F7D3C5708 30 13714 55+ 1408
Ben 144 M {F4A111C6A 43 18857 55 1384

Table 2. Class of 2001. Paylid sturgson tagged and spawned in 200+ at the Conflusnce of the

Yellowstone and Migsousi Rivers, Name, code, sex, Pit tag numbers, weight, and lengths are
listed. '

CART tags also work exclusively with Lotek receivers and fixed data logging stations, allowing
researchers to download movement and direction data of individua! fish to support manual
tracking,

CART tags were surgieally implanted using a combination of methods of Bramblett (] 994},
Clancey (1992), and procedures implemented by researcher’s jisted in the Hatchery Manual for
the White Sturgeon (Conte et al.1988). The only deviation from past researchers methods was
the addition of anesthetizing the incision with a locaj anesthetic {lidocaine), to lesson stress. In
addition, an application of SuperGlue was applied to incisions and sutures to help seal tissue
together and strengthen suture knots, The use ot the local anesthetic seermed 10 have & positive

effect on pallid Sturgeen, as most fish seemed to be more docile during the initiai incision and
insertion of tags,




To ensure CART tags were operating properly, tags were tested on three different occasions with
. the accompanying SRX_400 W3 Lotek receiver. All tags were tested and cycled upon arrival of
shipment in Bismarck, ND, tested upon insertion into the fish at the previously mentioned fish
hatcherizes, and finally retested again at the boat ramp before fish were releassd back into the wild
at the Confluence of the Yellowstone and Missouri Rivers. All fifteen tags performed pecfectly
on &l oceasions and hopefully will continue to do so long-term,

We tracked fish from Aprif until October at two different tracking intensities. In April, May, and
June, we tracked fish extensively five days per week throughout the entire three month time span
to try to meximize locations per fish during spring flows and suspected spawning periods,
Beginning in July, we went to a less aggressive racking regime consisting of tracking for five
days every three weeks throughout the rest of the field season until Qctober 8, when fixed data
logging stations were removed from the river,

Typical tracking protacol consisted of traveling daily 10 all three fixed datalogging stations to
download movement data which assisted in ascertaining directions of individual fish. This
helped determine the section of river to be sampled. For the majority of the tracking season, the
acoustic aspect was utilized exclusively for relocating tagged fish. Relocation of fish was
accomplished by lowering the 360 degree hydrophone beneath the bottom of the boat, floating
for approximately two minutes, thes raising the aydrophone and powering down river 300
merers, and repeating this process until we found g fish or finished sampling a study section.

Upon receiving signals from a fish, a handheld baffled 180 degree directional hydrophone was
used to home in on the coded pallid sturgeon. Several drifis were then made ro get directly above
the fish and 1o obtain a power signal from our SRX_400 receiver of 200 or abave with a gain
reading of zero percent. Once a power rating of 200 or above was achieved and maintained, we
anchored above the fish and staried recording data.

Relocation data included fish name, code number, date and military time of location. A Global
Positioning System (GPS) waypoint was taken with a Rockwell Precision Lightweight
PLGR+%6. Waypoint numbers, as wel] gs their corresponding Easting and Northing values wers
recorded into 3 field logbook in case PLGR 495 data was lost or erased before it could be
downloaded,

A fish’s physical location also was noted in the field logbook. Two diForent categories were
used: [} main chanrel or side channel, :ain chanzte! inside bend, and main channe] outside bend,
and 2) whether the fish was associated with main or side channe] island, main or side channe]
upstream o{ island, and main or side channel downstrcam of island,

Additionally, depth, water temperature, and turbidity were also recorded, Turbidity was
measured with a handheld Hach 2100p Portable Turbidimeter and data was recorded in NTU s,
A laminated field map also was utilized 1o record rivermiles which were used to backup GPS
values and provide quick reference of past locations. Flow dara downloaded weekly from the
United States Geological Survey's (USGS) Sidney and Culbertson gauging stations was alsg
added to the logs.

Finaliy, a small, cough map was sketched in the field logbook o help document yardage values
to islands, sandbars, nearest shore, far shore, and total distance of river width, Yardages were
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determined with & Bushnei! Laser Rangefinder, mode] Yardage Pro 1000, All data ¢ollected in
the field was later entered into an EXCEL spreadsheet which is comparible for exporting files
into various statistical programs.

Results and Discussion

Due to different unanswered questions concerning the feasibility of the long term Pallid Sturgeon
Telemetry Study, the 2001 field season was converied into a “pilot phase™ for upcoming
researck. Concerns were raised about effectiveness of equipment at the Fort Peck cogrdination
meeting, as fixed data lo geing stations are somewhat of 2 new concept for this part of the region
and our water quality parameters, Contingent on effectiveness of Lotek’s teleretry equipment,
another profound concern was whether biologists could relocate individual fish effectively, or
enough times to provide adequate samples for statistical analysis. For these reasons, coupled
with the fact that USACE warm water flow tests have been delayed due to low water conditions
until 2003, a pilot phase at this juicture afforded us titne to answer queshons and collect
important baseline movernent data.

An important aspect of the pilot study phase of this project was 0 evaluate the functionality of
the fixed dataiogging stations, assess their proper placement to fragment study zones, and 1o ‘
measire overall usefisiness in remotely collecting large amounts of data during times of the year
when biologists are not on the river. On April 17 and 18, fixed datalogging stations were
installed with the help of a multi-agency effort on the Missouri ang Yellowstone Rivers.
Personnel from MTFWE, USGS, and the North Dakota Game and Fish Depariment (NDGF D) all
played roles in the deployment of stations. WAPA provided funding to cur telemetry project by
covenng expenses for technelogical representatives from Advanced Biotelemetrics Inc. (ABI)
from New Market, Ontario, to help i the initial setup of the telemetry station equipment. Doctor
Richard Booth and Eric Bombardier of ABI spent four days aiding in fixed datalogging station
setup, assisting in the calibration of station receivers, providing technical support cotceming
trouble shooting problems, and rendering much useful information on tips and techniques
pertaining 1o our project..

The Fort Union and the Yellowstone Stations were set up 1 meniter both acoustic and radio
frequencies, while the Erickson Island Station was set up experimentally to monitor acoustic
onfy. Overall, all three stations performed to our satisfaction and much valuable movement data
was collected throughout the course of the tracking Feld season. The Ericksou Island Station
proved to be our most consisient and troubie-free unit throughout the feld season, most likely
because of its location and single frequency scanning. The other two stations performed well,
except for a couple of different time spans when we experienced techsical difficulties with power
sources and receivers shutting down. Unfortunately, during one of the time spans, both of the
stations shut down simuliansously, resulting in the loss of valyghle directional and movement
data for a few fish over a 60 to %0-day petiod. We believe we have resalved the power source
issue for the upcoming field season and will monitor it closely,

As mentioned previcusly in the repori, our tracking regime primarily used the scoustic aspect for
relocating tagged pallid Sturgeon, with the exception of a brief period in October when water
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quality parameters were conducive to using radio frequency, Aithough the dual combined
acoustic/radio aspect is supposed 1o be the Sirong point of Lotek’s CART tag; unfortunately, we
wete unzble to utilize the radio frequency most of the time die to water quality factors. This was
st prevalent in the Yellowstone River where tarbidity, total dissalved solids, and conductivity
levels proved to be too high for optimum efficiency, therefore, we questioned the effectiveness of
this aspect to locate fish, '

However, within a short window of time this past fall we had varied success using the radig
frequency to locate pallids by use of a boat under power (3000 rpm’s). We ran the Missour)

River from the canﬂuencg down to the Highway 85 bridge and found eight pallids using radio

detection ranges of 150 to 330 yards. The most likely explanation might be that the fish were
pointed upstrearn, thus Blocking the signal with the body, versus corning from behind the fisk and
getting a better signal from the more exposed dangling antenna. Faveraple water quality
patameters were probably responsibe for the Hmired success at that time; conditions were.
definitely more favorable than they had been all season.

All radio ebserved fish were found in cight feet of water or less, turbidity averaged around 20

NTU"s, and the conductivity hovered around 560 to 590, Unfortunately, we don’t see these kind

of physical characteristics very often. Alihough the radio aspect has limitations, there are

definitely applications when it could prove 1o be useful, especially during low flow and fow

trbidity conditions. Another usefil application of the radio aspect is for diel movement

informatior. onee we are on top of a fish. Using it for close range telemetry should not be g
prablem. -

Manual tracking acoustically is more labor and time infensive, but proved 1o be highly effective
for refocating fish in hoth river systems. Typically, we could start detecting signals of fish 300 to
400 yards away, and have oceasionally picked up signals as far away as 600 yards. With these
types of ranges, we feit highly confident about our method of acoustic sampling,

Twohundred thirty seven observations were made during the 2001 pilot study field season, 72
relocations by boat and 145 observations at fixed datalogging stations. This mumber of
observations probably is a fairly low representative of relocation nunbers that should be
achieved in the future, based oq the fact our manual tracking didn’t officially start until May and
we had several problems with our boat and hydrophones fate in the summer.

Fourteen of 15 fish surgically implanted with internat CART tags were relocated during the pilot
study. The only fish unabie o be located was Aaron (#38), 2 27-pound male from the class of
fish released in 2000, Upon his release in the falt of 2000, he was followed for 2 couple of days
along with the rest of the study group and exhibited the same behavior as other 1agged and
released pallid sturgeon. A few possible explanations for the absence of #38 in 2001 exist, The
fish may have moved out of the study area into reaches of the Upper Missouri River or the head
waters of Lake Sakakawea or, simply the CART 32_1S tag may have stopped working after the
fall of 2000. Ancther theory existing may be that the tag was expelled from the fish and bured
in sediment or sand,




A large majority of the study group stayed within the confines of the lower nine miles of the

- Yellowstone River, Most spent considerable amounts of time around the confluence, ang ranged
down the lower Missouri River to the Highway 85 Bridge near Williston, North Dakota.
Although Annie (# 25), was never located by boat in the Yellowstone River, she roamed
extensively and set the upper limits for a baat relocated fish furthest up the Upper Missouri River
(RM 1592.3) and the lower limits for a fish below the confluence, down the Lower Missouri
River (RM 1551.4). We located two different males at RM’s 9.5 and 9.6 op the Yellowstone
River which marks the farthest point up the Yellowstone for boat telocations. However, during
the periods when our stations shut down we are fairly confident two males went up the
Yellowstone River above Sidney, Montana. We did not relocate them until late summer when
they returned back to the conflyence area,

One anomaly worth mentioning from this season’s fieid notes was the behavior of the sfudy’s
thres females, Annie (#25), Amber (# 62), and Bridget (# 10). Throughout the tracking season

ten observations were by the ghove mentioned females. One male (# 34} selected the upper
Missouri for a day and returned back 10 the confluence,

Data collected in 2001 provides baseline information for our long term study, but is insufficient
for any statistical or eqrrelation analysis. Data collected in the 2007 field season will be added to
this years data and will be preliminarily analyzed for the 2602 progress report submitted to ali
agencies providing funding, including; USACE, WAPA, Upper Basin Pallid Workgroup, as well
a5 the Bureau of Reclamation and the NDGFD which will be providing funding in 2002,
Northern Prairie Wildlife Research Center will assist in data analysis, development and critical
review of models, and aid in future project design and assessment of discrepancies.
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Abstract

The Missouri River Biological Opinion developed by the U. S. Fish and Wildlife Service
formally identified that seasonally atypical discharge and water temperature regimes resulting
from operations of Fort Peck Dam have precluded successful spawning and recruitment of pallid
sturgeon Scaphirhynchus albus in the Missouri River below Fort Peck Dam. In response, the U.
S. Army Corps of Engineers (USACE) proposes to modify operations of Fort Peck Dam to
enhance environmental conditions for spawning and recruitment of pallid sturgeon. In 2001, the
Fort Peck Flow Modification Biological Data Collection Plan (hereafter Fort Peck Data
Collection Plan) was implemented to evaluate the influence of proposed flow and temperature
modifications on physical habitat and biological response of pallid sturgeon and other native
fishes. The 4-year Fort Peck Data Collection Plan is comprised of five monitoring components:
1) measuring water temperature and turbidity at several locations downstream from Fort Peck
Dam, 2) examining movements by pailid sturgeon that inhabit areas immediately downstream
from Fort Peck Dam, 3) examining flow- and temperature-related movements of paddlefish
Polyodon spathula, blue suckers Cycleptus elongatus, and shovelnose sturgeon Scaphirhynchus
platorynchus, 4) quantifying larval fish distribution and abundance, and 5) examining food habits
of piscivorous fishes. The Fort Peck Data Collection Plan is supported by the USACE, and
implemented by the Montana Department of Fish, Wildlife, and Parks (MTFWP) and the U. S.
Geological Survey Columbia Environmental Research Center. Proposed flow modifications
were not implemented in 2001 due to inadequate precipitation and insufficient reservoir levels.

Monitoring data collected in 2001 were representative of moderately low flow conditions.
Continuous-recording water temperature loggers positioned at 17 locations provided baseline
water temperature profiles to which changes in water temperatures resulting from modified dam
operations could be compared. For example, in the absence of modified dam operations, mean
water temperature between mid-May and mid-October was 6.3°C cooler at Frazer Rapids (mean
= 13.8°C) downstream from Fort Peck Dam than in the free-flowing Missouri River upstream
from Fort Peck Dam (mean = 20.1°C). Turbidity increased longitudinally downstream from Fort
Peck Dam, and generally increased during periods of elevated discharge. No pallid sturgeon
were found or implanted with radio transmitters. Sixteen blue suckers, 19 paddlefish, and 29
shovelnose sturgeon were surgically implanted with radio/acoustic transmitters during
September. These individuals will be intensively tracked beginning in April 2002 to examine
discharge and temperature-related movement patterns. A total of 10,744 larvae fishes were
sampled at six sites on the mainstem Missouri River and adjacent habitats. Larval sturgeon
(Scaphirhynchus sp.) were sampled at Wolf Point (N = 6), Nohly (N = 10), and in the
Yellowstone River (N = 8). Larval catostomids (suckers) were the dominant taxon sampled, and
comprised 40-90% of the larval fishes sampled at all sites; however, taxa composition varied
significantly among sites. Food habit data for burbot Lota lota, channel catfish Ietalurus
punctatus, freshwater drum Aplodinotus grunniens, goldeye Hiodon alosoides, northern pike
Esox lucius, sauger Stizostedion canadense, shovelnose sturgeon, and walleye Stizostedion
vitreum were obtained during July and August 2001. Although each species exhibited piscivory,
there was no evidence that sturgeon larvae or juveniles were consumed. In addition to field
results, analyses and results of precision and accuracy of water temperature loggers deployed
during 2001 are presented.




Introduction

The pallid sturgeon Scaphirhynchus albus is a long-lived (> 40 years; Keenlyne and
Jenkins 1993) species endemic to the Missouri River, lower Mississippi River, and large
tributaries entering these river systems (Bailey and Cross 1954). Extensive habitat alterations
throughout the geographical range of pallid sturgeon have negatively impacted populations. As a
consequence, pallid sturgeon were designated as an endangered spec1es i 1990 (Dryer and
Sandvol 1993).

One of the few remaining concentrations of pallid sturgeon occurs in the upper Missouri
River between Fort Peck Dam and the headwaters of Lake Sakakawea, North Dakota.
Individuals in this population also inhabit the lower Yellowstone River in Montana and North
Dakota (Bramblett and White 2001). Similar to pallid sturgeon in other regions, long-term
viability of the pallid sturgeon population in the Missouri River downstream from Fort Peck
Dam is in jeopardy. It is hypothesized that regulated flows from Fort Peck Dam coupled with a
suppressed water temperature regime during the spring and early summer spawning period have
failed to provide adequate spawning cues for pallid sturgeon. In addition, cold water releases
from Fort Peck Dam have limited the amount of riverine habitat suitable for spawning. Asa
consequence, natural reproduction and recruitment of pallid sturgeon have not occurred for
several years as evidenced by a population comprised of large (e.g., > 1200 mm; > 8 kg; Liebelt
1996, 1998) and presumably old individuals. '

The U.S. Army Corps of Engineers (USACE) proposes to modify operations of Fort Peck
Dam following specifications outlined in the Missouri River Biological Opinion (U.S. Fish and
Wildlife Service 2000). Modified dam operations are proposed to increase discharge and
enhance water temperatures during late May and June to provide spawning cues and enhance
environmental conditions for pallid sturgeon and other native fishes. In contrast to “normal”
cold water releases through Fort Peck Dam, water from Fort Peck Reservoir will be released over
the spillway during flow modifications to enhance water temperature conditions. The USACE
proposes to conduct a mini-test of the flow modification plan to evaluate structural integrity of
the spillway and other engineering concerns. A full-test of the flow modifications will occur
when a maximum of 19,000 cfs will be routed through the spillway. Spillway releases will be
accompanied by an additional 4,000 cfs released through the dam. Pending results from the full-
test, modified flow releases from Fort Peck Dam in subsequent years will be implemented in an
adaptive management framework. All proposed flows are dependent on adequate inflows to Fort
Peck Reservoir and adequate water levels in the reservoir.

The original schedule of events for conducting the flow modifications calied for
conducting the mini-test during 2001 and conducting the full-test in 2002. However, insufficient
water levels in Fort Peck Reservoir during spring 2001 and 2002 precluded conducting the mini-
test and full-test. Thus, pending favorable precipitation and adequate reservoir water levels in
early Spring 2003, the mini-test may be conducted in 2003 and the full-test conducted in 2004,

The Fort Peck Flow Modification Biological Data Collection Plan (hereafter referred to
as the Fort Peck Data Collection Plan) is a monitoring program designed to examine the
influence of proposed flow modifications from Fort Peck Dam on physical habitat and biological
response of pallid sturgeon and other native fishes. Components of the monitoring program
include: 1) measuring water temperature and turbidity at several locations downstream from Fort
Peck Dam, 2) examining movements by pallid sturgeon that inhabit areas immediately
downstream from Fort Peck Dam, 3) examining flow- and temperature-related movements of




paddlefish Polyodon spathula, blue suckers Cycleptus elongatus, and shovelnose sturgeon
Scaphirhynchus platorynchus, 4) quantifying larval fish distribution and abundance, and 5)
examining food habits of piscivorous fishes. The Fort Peck Data Collection Plan is supported by
the USACE, and implemented by the Montana Department of Fish, Wildlife, and Parks
(MTFWP) and the U. S. Geological Survey Columbia Environmental Research Center — Fort
Peck Project Office. Western Area Power Administration serves as the contractual liaison
between the USACE and MTFWP,

Study Area

The study area encompasses the Missouri River between river kilometer (rkm) 2,850
(river mile, RM 1,770) at Fort Peck Dam and rkm 2,523 (RM 1,567) downstream from the
Yellowstone River confluence (Figure 1). The study area also includes the lower 5 km (3 miles)
of the Yellowstone River (Figure 1). See Gardner and Stewart (1987), White and Bramblett
(1993), Tews (1994), and Bramblett and White (2001) for a complete description of physical and
hydrological characteristics of the study area.

Methods

Monitoring Component 1 - Water temperature and turbidity.

Water temperature logger deployment. Water temperature loggers (Optic StowAway,
-5°C — +37°C, 4 min response time, accuracy + 0.2°C from 0 - 21°C) were deployed during late
April and early May at 17 sites in the Missouri River, Yellowstone River, selected tributaries,
and off-channel areas (Table 1). Duplicate loggers were placed near the left and right bank (as
viewed looking upstream) at most mainstem Missouri River sites to assess lateral variations in
water temperature. Water temperature loggers were positioned near the bottom of the river
channel. At two locations (Nickels Ferry, Frazer Pump), additional loggers were stratified in the
water column. Water temperature loggers were programmed to record water temperature at 1-hr
intervals, and periodically downloaded during the deployment period.

Statistical analysis of water temperature. Paired t-tests were used to compare mean daily
water temperature between left and right bank locations at sites where duplicate loggers were
deployed. Analysis of variance was used to compare mean daily water temperature among all
logger locations.

Assessment of water temperature logger precision and accuracy. Following retrievel
from the field, all water temperature loggers (except the logger deployed at Robinson Bridge)
were subjected to a series of 11 common water bath treatments to evaluate precision and
accuracy among loggers (Table 2). During water bath treatments, water temperature was also
measured with a YST Model 85 meter (accuracy + 0.1°C) and a hand-held alcohol thermometer
(accuracy + 1.0°C) at specific times. Thus, the YSI meter and alcohol thermometer provided two
independent methods of measuring the “true” water temperature of the water baths. The same
YSI meter and alcohol thermometer were used in all field activities during 2001. All loggers did
not record water temperature at the exact time temperature was measured with the YSI or alcohol
thermometer; therefore, either a single temperature recorded within about 15 minutes of the
actual measurement time was used or two temperatures spanning the actual measurement time
period were averaged. In addition to post-deployment comparisons involving water bath
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Table 1. Sites, approximate river mile (RM; distance upstream from the Missouri River-
Mississippi River confluence or distance upstream in a specified tributary), latitude (° North),
longitude (° west), bank locations (left or right when looking upstream; strat = stratified in the
water column), serial numbers, and dates of deployment for water temperature loggers deployed
in the Missouri River and adjacent areas during 2001.

Bank Logger  Deploy Retrieval
Site RM Latitude  Longitude location serial no. date date
Above Fort  1,921.2 4737.51 108 41.13 left 4/13/01  10/09/01
Peck Lake
(Robinson
Bridge)
Downstream 1,765.2 48 03.345 106 21.874 right 389503  4/30/01  11/13/01
from Fort left 389561
Peck Dam :
Spillway 48 02.395 106 20.457 right 389574  4/30/01  11/13/01
Milk River 4.0 48 04.016 106 18.182 left 389560  4/30/01  11/13/01
Nickels 1,757.5 4802.068 106 14.902 right 389563 5/2/01  11/13/01
Rapids 48 02.008 106 15.110 left 389571
Nickels 1,759.9 4802.662 106 17.300 right 389495  4/30/01 11/13/01
Ferry 44 02.390 106 17.448 left 389504
48 02.662 106 17.300 strat 394819
Frazer 1,751.5 48 01.897 106 07.547 right 389565 5/2/01  11/13/01
Pump 48 01.800 106 07.522 left 389489
strat 389556  5/17/01
Frazer 1,746.0 48 00.405 106 06.595 right 389501 5/2/01  11/13/01
Rapids 48 00.453 106 05.989 left 389490
Grand 1,741.5 48 00.300 106 01.873 right 389479 5/2/01  11/13/01
Champs 48 00.215 106 01.855 left 389575
WolfPoint  1,701.5 4804.539 10531.479 right 389500 5/3/01  11/14/01
48 04.779 105 31.202 left 389493
Redwater 0.1 48 03.665 10512.653 mid- 389502 5/3/01  11/15/01
River channel
Poplar 1,680 48 03.968 10512.425 right 389558 5/3/01  11/15/01
48 03.957 10512.127 left 389491
Poplar River 0.4 48 05.029 10511.696 left 389488 5/3/01  11/15/01
Culbertson 1,620.9 48 07.471 10428433 right 389567 5/8/01  11/16/01
104 28.59 104 28.590 left 389572
Nohly 1,591.2 4801.126 104 06.012 right 389498  4/19/01 11/16/01
48 00.838 104 06.441 left 389496
Yellowstone 3.5 47 56.082 103 57.725 right 389562 5/8/01  11/16/01
River
Below 1,576.5 4757.650 103 53.751 right 389564  4/26/01 11/16/01
Yellowstone 48 57.511 103 53.835 left 389566

River




Table 2. Post-deployment protocols for evaluating precision and accuracy of water temperature
loggers.

Temperature
Sample  Date Procedure recording time
1 11/19/01 Logger put in water bath at 1550 1550
2 11/20/01 Same water bath as sample 1 — room temperature 0820
3 11/20/01 Same water bath as sample 2 — room temperature 0900
4 11/20/01 Same water bath as sample 3 — room temperature 2100
5 11/21/01 Same water bath as sample 4 — room temperature 0900
6 11/21/01 Same water bath as sample 5 - room temperature 1400
7 11/21/01 Same water bath as sample 6 — room temperature 1600
8 11/23/01 Water bath moved outdoors at 1030 1200
9 11/23/01 Same water bath as sample 8 1300
10 11/26/01 Water bath moved outdoors at 0830 1000
11 11/26/01 Water bath from sample 10 brought indoors at 1000 1100

treatments, water temperature measured with the YST Model 85 meter during the course of larval
fish sampling (late May through July, see below) provided an additional data set to which
accuracy and precision of the loggers could be evaluated. Larval fish sampling sites were
generally within 1.6-3.2 km (1-2 miles) of a water temperature logger. Similar to water bath
trials, either a single time-specific temperature recording from the logger or two recordings
(averaged) corresponding to time-specific temperature measurements obtained while Iarval fish
sampling were used. Water temperature at the larval fish sampling sites was measured in the
upper 1-m of the water column.

Statistical analysis of water temperature logger precision and accuracy. A suite of
analysis was used to evaluate precision and accuracy of water temperature loggers. First, water
temperature between the YSI and alcohol thermometer was compared with paired t-tests for the
water bath trials. Second, water temperature precision of loggers for each water bath treatment
was evaluated with univariate statistics (mean, standard deviation, minimum, maximum, and
range) computed over all loggers. The mean, minimum, maximum, and range wete screened for
precision. If precision was low (e.g., broad range of temperature for an individual water bath
trial), logger data were scrutinized to determine which logger(s) was contributing to the extreme
values. After identifying and deleting the “suspect” logger(s), univarite statistics were computed
again to assess precision. Third, paired t-tests were used to compare mean water temperature
between the YSI and logger at larval fish sampling stations.

Field measurements of turbidity. Turbidity (nephelometric turbidity units; NTU) was
measured during the larval fish sampling period (see below) using a Hach Model 2100P portable
turbidimeter (serial number 950500007962, measurement range 0 — 1000 NTU, accuracy + 2%).
During August and September, continuous-recording turbidity data loggers (Hydrolab Datasonde
4a, serial numbers 39046, 39047, 39048, measurement range 0 — 1000 NTU, accuracy + 2%)
were deployed at three sites. Sites were located in the Missouri River at Frazer Rapids (tkm
2,811; RM 1,746), near Nohly (tkm 2,558; RM 1589), and in the Yellowstone River 0.81 km
(0.5 miles) upstream from the confluence. Turbidity data loggers were programmed to record
turbidity at 1-hr intervals.




Monitoring Component 2 — Movements by pallid sturgeon.

Diving in areas immediately downstream from Fort Peck Dam was conducted
periodically during a 6-week period in February and March 2001. Pallid sturgeon collected were
to be implanted with transmitters and tracked during spring and summer 2001.

Monitoring Component 3 - Movements of paddlefish, blue suckers, and shovelnose
sturgeon.

Sampling for paddlefish, blue suckers, and shovelnose sturgeon for transmitter
implantation was initiated in September 2001 and completed in early October. Species were
sampled using drifted trammel nets, hoop nets (primarily targeting blue suckers), and surface-
drifted gill nets (primarily targeting paddlefish). A minimum of 20 suitable-sized individuals of
each species were targeted for transmitter implantation. Qur goal was to extend flow- and
temperature-related movement inferences to all areas of the Missouri River below Fort Peck
Dam and Lake Sakakawea. Therefore, species were collected in several areas between rkm 2,842
(RM 1,765) and rkm 2,523 (RM 1,567; Figure 1).

Transmitters varied in type and spanned a range of size, longevity, and frequency to
accommodate differences in fish size among species and study objectives (Table 3). All species
were implanted with combined acoustic/radio tags (CART) tags. Estimated life expectancy of
the CART tags varied from about 1,049 days to 4,725 days to accommodate multiple spawning
episodes. In addition to the CART tags, two types of radio transmitters were used on an
experimental basis for blue suckers and shovelnose sturgeon. All transmitters were pre-
programmed with unique codes to facilitate identification of individual fish (Table 3).

Table 3. Transmitter specifications and target species (BUSK = blue sucker, SNSG =
shovelnose sturgeon, PDFH = paddlefish). Frequency-specific transmitter codes are as follows:
CART 16-25 (2, 6, 8, 10, 14, 17, 18, 22, 25, 26, 30, 34, 38, 43, 44, 46, 50, 56, 62, 69, 70, 73, 74,
82, 86, 93, 94, 96, 98, 106, 110, 116, 119, 120, 128, 132, 143, 144, 145, 146); CART 32-1S (3, 4,
5,7,9,11, 12, 13, 15, 16, 19, 20, 21, 69, 82, 93, 106, 119, 132, 145); MCFT-3A (1, 3,4, 5, 7);
MCFT-7A (9, 11, 12, 13, 15).

Weight
Lotek transmitter Radio Acoustic  Longevity Water Air Target
type and model frequency frequency (days) (2) (g) species
CART 16-2S 149.62 76.8 1,049 18.0 3.5 BUSK, SNSG
CART 32-18 149.76 65.5 4,725 61.0 114 PDFH
MCFT-3A 149.62 1,139 6.7 16.0 BUSK, SNSG
MCFT-7A 149.62 494 12.8 29.0 BUSK, SNSG

Surgical implantation of transmitters was conducted after 1-6 individuals were captured
at a sampling location. After being sampled, fish were placed in streamside live cars.
Individuals were placed in a partially submerged V-shaped trough during surgical implantation
of transmitters, and water was continually flushed water over the gills using a bilge pump
apparatus. After making an abdominal incision about midway between the pectoral fin and
pelvic fin, a shielded needle technique (Ross and Kleiner 1982) was used to extrude the
transmitter antennae through the body cavity. The transmitter was then inserted into the body




cavity, and the incision was closed with silk sutures. Most blue suckers and shovelnose sturgeon
were held overnight in streamside live cars, and released the following morning. A 5-10 minute
period of facilitated acclimation following surgical procedures was used to stabilize paddlefish
prior to release. Water temperature during the surgical implantation period was 13.5°C to
17.1°C.

Monitoring Component 4 — Larval Fish

Sampling protocols. Larval fish were sampled at about 3-4 day intervals from late May
through July at six sites (Table 4). Sites on the mainstem Missouri River were located just
downstream from Fort Peck Dam, near Wolf Point, and near Nohly. Sites located off the
mainstem Missouri River included the spillway channel, the Milk River, and the Yellowstone
River. Due to the lack of spillway releases during 2001, the spillway channel was narrow and
consisted of two lentic pools connected to the mainstem Missouri River at the lowermost pool.
Larval fish at all sites were sampled with 0.5-m-diameter nets (750 pm mesh) fitted with a
General Oceanics Model 2030R velocity meter.

Table 4. Larval fish sampling locations, number of replicates, samples, and net locations for
2001. Abbreviations for net location are as follows: B = bottom, M = mid-water column, S =
surface (0.5 - 1.0 m below the surface).

Approximate Samples per Net
Site river mile Replicates replicate location
Missouri River below Fort Peck Dam  1,763.5-1,765.3 2 4 B/M
Spillway 1,762.8 2 4 S
Milk River 0.5-4.0 3 4 S
Missouri River near Wolf Point 1,701.0-1,708.0 3 4 B/M
Missouri River near Nohly 1,582.5-1,590.2 3 4 BM
Yellowstone River 0.1-3.0 3 4 B/M

Specific larval fish sampling protocols varied among sites and were dependent on site
characteristics (Table 4). Two to three replicates were collected at the sites, where one replicate
was comprised of four subsamples (two subsamples simultaneously collected on the right and
left side of the boat at sampling locations near the left and right shorelines). At all sites except
the spillway site, the left and right sampling locations corresponded fo inside bend and outside
bend locations at the mid-point of a river bend. The spillway channel had minimal sinuosity;
therefore, samples did not reflect inside and outside bend locations. Only two replicates were
available in the spillway channel (one replicate in both of the spillway channel pools). Similarly,
only two well-defined bends were available for sampling at the site just downstream from Fort
Peck Dam. The full compliment of three replicates was available at the other sites. At sites
exclusive of the spillway and Milk River, paired subsamples near the left and right bank
locations were comprised of one net fished on the bottom and one net fished in the middle of the
water column. Thus, each replicate was comprised of two bottom subsamples and two mid-
water column subsamples. Nets were maintained at the target sampling location by affixing a
9.1 kg (bottom sample) and 4.5 kg (mid-water column sample) lead weight to the net. Larval
nets were fished for a maximum of 15 minutes (depending on detrital loads). The boat was
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anchored during net deployment (e.g., “passive” sampling). In the Milk River and spillway
channel, irregular bottom contours, shallow depths, and silt substrates were not conducive to
bottom sampling. In addition, minimal current velocity in these two locations required an
“active” larval fish sampling approach. Therefore, larval fish in the Milk River and spillway
channel were sampled in the upper 1-m of the water column as the boat was powered upstream
for a maximum of 15 min. Larval fish samples were placed in a 5-10% formalin solution
containing phloxine-B dye and stored.

Larval fish were sampled at the same replicate and subsample locations throughout the
sampling period except when changes in discharge necessitated minor adjustments in the
sampling location. For example, an attempt was made to sample larval fish at total water column
depths between 1.5 m and 3.0 m. This protocol was used to minimize variations in larval fish
density associated with vertical stratification of larvae in the water column. When river
discharge decreased (or increased), water depth in a previously sampled location exceeded the
‘required range. Therefore, the specific sampling location changed but was always near (+ 300
m) the general vicinity of the earlier samples.

Laboratory methods. Larval fish were extracted from samples and placed in vials
containing 70% alcohol. Larvae were identified to family when possible and enumerated.
Individuals tentatively identified to Polyodontidae and Acipenseridae were sent to Dr. Darrel
Snyder (Larval Fish Laboratory, Colorado State University) for species identification and
confirmation.

Monitoring Component 5 — Food habits of piscivorous fishes

Potential piscivores including walleye Stizostedion vitreum, sauger S. canadense,
northern pike Esox lucius, burbot Lota lota, goldeye Hiodon alosoides, channel catfish Ictalurus
punctatus, freshwater dram Aploninotus grunniens, and shovelnose sturgeon were sampled in the
Missouri River between Wolf Point and Nohly (Figure 1). Fishes were sampled during July and
August in off-channel habitats (c.g., tributaries, tributary confluences, backwaters, side channels)
and main channel habitats (e.g., outside bend shoreline and thalweg, inside bend shoreline and
channel border, channel crossovers) using stationary gill nets, drifting trammel nets, hoop nets,
and electrofishing. Gill nets and hoop nets were usually set in late afternoon or evening and
checked the following morning, but in some instances both gear types were left in a location
throughout the day and periodically checked. Fishes were identified, weighed (g), and measured
(mm).

Stomach samples were obtained in one of two ways. First, the entire stomach was
removed via dissection and placed in a 10% formalin solution for storage. In the case of large
stomachs, a slit was made in the stomach wall to facilitate formalin seepage into the stomach.
The second method of stomach sampling involved the use of gastric lavage. The lavage
apparatus consisted of a 12-V bilge pump connected to plastic hose. With the bilge pump
operating and the fish held in a slightly inverted position, the hose was inscrted down the
esophagus of the fish and into the fish stomach. Running water flushed contents of the stomach
into a sieve held under the fish mouth and gills. Stomach contents were rinsed from the sieve
into a 10% formalin solution and stored. The lavage was used on about 50% of the sauger
sampled to minimize mortality because sauger are listed as a species of special concern in
Montana.

In the laboratory, stomach contents were initially identified to Class. Diet organisms
were subsequently identified to Order (for Insecta) and to species (for Osteichthyes) when
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possible. Diet items that could not be identified beyond Insecta and Osteichthyes were
designated as unknown for the Class. Diet items were also classified as detritus (e.g., woody
debris, algae) and miscellaneous (e.g., sand, rocks). Diet items were enumerated and weighed
for the lowest taxon identified. Wet weights (0.1 g) were measured after the diet items were
blotted on paper towels to remove excess water. Body fragments were used to enumerate
organisms. For example, the presence of a head capsule or partial body fragment was treated as
indicative of a whole organism. For Osteichthyes, fish scales, bones or the presence of other
body parts was treated as indicative that a whole organism was ingested.

Food habits data were summarized by three indices. Frequency of occurrence (%) was
calculated as the number of individuals containing the specific food item/number of stomachs
containing food. Numerical frequency (%) was computed as the total number of taxon-specific
food items/total number of all food items. Weight frequency (%) was computed as the total
weight of a taxon-specific food item/total weight of all food items.

Results

Monitoring Component 1 - Water temperature and turbidity

7 General comments on water temperature loggers. At the time of logger retrieval,
observations on logger characteristics that could influence accuracy of water temperature data
were recorded. All water temperature loggers were retrieved in October and November 2001
except for the left bank logger (as delineated when looking upstream) located near Nohly (serial
number 389496). This logger had been downloaded earlier during the deployment period;
therefore, only a partial water temperature data set was available. However, the Nohly logger
located on the right bank (serial number 389498) was retrieved and provided a complete data set
for this site throughout the duration of the deployment period. The Culbertson logger located
near the right bank (serial number 389567) was on shore when retrieved. The left bank logger at
this site (serial number 389572) was retrieved, and provided a complete data set for the
deployment period. An examination of data from the right bank logger suggested this logger had
been pulled out of the water in early August. Therefore, data logged after early August is
suspect.

. Precision and accuracy of water temperature loggers. Precision of water temperature
loggers varied among water bath sample treatment temperatures. At water bath sample treatment
temperatures exceeding 20.0°C (as indicated by the YSI and alcohol thermometer), precision of
all water temperature loggers was moderate as indicated by the moderate range (0.4 to 3.5°C) of
water temperatures (Table 5). Precision of all water temperatures loggers declined at cooler
water temperature treatments (e.g., < 15°C) as indicated by an increase in the range (7.4 —
12.6°C) of water temperatures (Table 5). The decrease in precision at cooler water temperatures
suggested that one or more loggers was recording erroneous water temperatures. Further
examination of individual loggers suggested that three loggers (Frazer Pump stratified, Serial
Number 389556; Poplar River, Serial Number 389488; Redwater Creek, Serial Number 389502)
exhibited extreme values at cool water bath treatment samples (e.g., < 15°C). Exclusion of these
three loggers from the analysis increased precision (e.g., decreased the range, especially the
maximumy) of water temperature measurements primarily in the cool water bath treatment
samples (Table 5). After “suspect” loggers were identified omitted from the comparisons, water
temperature loggers had a relatively high level of precision (0.4 to 1.2 °C) at warmer water
temperatures and a reduced level of precision at cooler temperatures (1.4 to 5.2°C).
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Water temperatures measured with the YSI and alcohol thermometers (Table 5) provided
a means to which accuracy of water temperature loggers could be evaluated. The maximum
deviation in water temperature between the YSI and alcohol thermometer was 0.6°C, but there
was no significant difference in water temperature between the two measurement instruments (t-
- test, t =0.57, df = 6, P = 0.59). Thus, this result suggests the “true” water temperature of the

Table 5. Summary statistics for water temperature comparisons among YSI Model 85 meter
(YSI), hand-held alcohol thermometer (Alcohol), and water temperaturc loggers in 11 water bath
samples. The first sct of summary statistics (mean; number of loggers, N; standard deviation,
SD; minimum, maximum, range) for each water bath sample included all loggers. The second
set of summary statistics for water temperature loggers excluded data from three loggers that
exhibited extreme values.

Water temperature loggers

Sample  YSI(°C) Alcohol (°C) Mean(°’C) N SD Minimum Maximum Range

1 22.4 23.0 234 27 0.7 20.5 24.0 3.5
23.4 24 03 22.8 24.0 1.2

2 20.3 20.2 27 02 20.0 21.0 1.0
20.2 24 0.1 20.0 204 0.4

3 20.4 20.0 20.3 27 02 20.1 21.0 1.0
20.2 24 0.1 20.1 20.5 0.4

4 20.7 20.6 27 0.1 204 20.9 0.5
20.6 24 0.1 20.4 20.9 0.5

5 20.6 20.0 20.5 27 0.1 20.3 20.8 0.5
20.5 24 0.1 20.3 20.8 0.5

6 20.8 21.0 20.8 27 01 20.6 21.0 0.4
20.8 24 0.1 20.6 21.0 0.4

7 20.9 ' 20.8 27 0.1 20.6 21.0 0.4
20.8 24 0.1 20.6 21.0 0.4

8 13.3 13.0 14.9 27 21 13.2 20.6 7.4
14.2 24 0.6 13.2 15.7 25

9 11.1 12.9 27 23 11.2 20.2 9.0
12.1 24 03 11.2 12.6 1.4
10 7.5 7.0 9.7 26 3.1 7.5 20.1 12.6
8.8 24 09 7.5 10.4 2.9

11 10.7 11.0 11.6 26 1.9 8.6 16.3 1.7
11.2 24 1.5 8.6 13.8 5.2

water bath sample treatments was reasonably approximated with the YSI and alcohol
thermometers. In water bath treatment comparisons between the YSI and loggers, the maximum
deviation in temperature was 2.2°C, and there was a significant difference in water temperature
(t-test, t =-2.35, df = 10, P = 0.04). However, deviations in water temperature between the YSI
and loggers were minimal (0-1.0 °C) at warm water temperatures, but greater (0.9-2.2 °C at lower
water temperatures. Omission of the three “suspect” loggers mentioned above resulted in a
maximum deviation of 1.3°C, and there was no significant difference in temperature (t-test, t = -
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2.15,df =10, P = 0.06). Deviations in water temperature between the YSI and loggers were
generally greater at lower than higher water temperatures.

Comparisons of date- and time-specific water temperatures measured at larval fish
sampling stations to those recorded by water temperature loggers adjacent to larval fish sampling
sites provided an additional means to evaluate accuracy of the water temperature loggers. Mean
time-specific water temperature did not differ significantly at five of six sites (Table 6), and
deviations in mean water temperature were minimal (0.1 - 1.5°C). There was a significant
difference in water temperature between the water temperature logger and YSI meter at the site
below Fort Peck Dam (Table 6). At this site, the difference in mean temperature was 1.8 °C.

Table 6. Summary statistics and t-tests for comparisons of water temperature recorded from
loggers and YSI Model 85 meter (YSI) at six larval fish sampling sites.

Site Method Mean(°C) N SD t-value P-value
Missouri River below Fort Peck Dam  Logger 14.1 15 2.0 2.83 0.008
YSI 12.3 15 13
Milk River Logger 20.9 17 35 094 0.357
YSI 222 17 42
Spillway Logger 20.2 17 3.6  0.09 0.932
' YSI 20.3 17 3.1
Missouri River near Wolf Point Logger 18.0 16 42 0.78 0.442
YSI 17.0 16 3.3
Missouri River near Nohly Logger 20.9 15 3.6 0.06 0.953
YSI 20.8 15 32
. Yellowstone River Logger 20.9 16 4.4 0.96 0.343
YSI 22.4 16 3.9

Lateral comparisons of water temperature. Water temperature did not differ significantly
between right and left back locations at the nine locations where paired loggers were deployed
(Table 7). Deviations between bank locations were small and varied from 0.1°C to 0.9 °C.

Longitudinal water temperature patterns. Daily water temperature was averaged
between left and right bank locations at nine sites where paired loggers were deployed due to the
lack of significant differences in water temperature between bank locations (Table 7). Water
temperature at the 13 Missouri River mainstem sites and 5 off-channel locations differed
significantly among locations (ANOVA, F =107.6, df = 17, 2610, P < 0.0001; Table 8, Figure
2). For the period spanning 5/17/01-10/09/01 (common deployment period for all loggers),
mean daily water temperature for Missouri River mainstem sites was greatest (20.1°C) at the
Robinson Bridge site located in the free-flowing reach of the Missouri River upstream from Fort
Peck Lake. Mean daily water temperature was lowest at the site just downstream from Fort Peck
Dam (13.0°C), but gradually increased to 18.9°C at Nohly (the most downstream Missouri River
site upstream from the Yellowstone River). Daily water temperature at the Missouri River
mainstem locations was most variable in the Missouri River below the Yellowstone River
confluence (coefficient of variation, CV = 20.9) and least variable just downstream from Fort
Peck Dam (CV = 11.6; Table 8). The USFWS (2001) mandated that a minimum water
temperature of 18°C be established and maintained at Frazer Rapids (tkm 2,811; RM 1,746) via
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spillway releases. Mean daily water temperature did not reach 18°C at Frazer Rapids during
2001 (Figure 2).

Mean daily water temperature between 5/17/01-10/09/01 for off-channel locations was
highest in the Yellowstone River (19.3 °C) and Poplar River (19.4 °C; Table 8). The Redwater
River exhibited the highest variability in daily water temperatures (CV = 22.3) during the time
interval.

Table 7. Summary statistics and t-tests for comparisons of water temperature between water
temperature loggers located on opposite banks of the river (looking upstream) during 2001.

Bank

Site location  Dates N Mean(°C) SD t-value P-value

Missouri River below Fort Right 5/1-10/31 184 12.4 2.1 0.41 0.68

Peck Dam Left  5/1-10/31 184 12.3 2.1

Nickels Rapids Right 5/2-10/31 183 12.9 23 1.43 0.15
Left  5/2-10/31 183 12.5 2.2

Frazer Pump Right 5/3-10/31 182 13.2 2.6 1.56 0.11
Left  5/3-10/31 182 12.8 24

Frazer Rapids Right 5/2-10/31 183 12.8 24  1.09 0.28
Left  5/2-10/31 183 13.1 2.5

Grand Champs Right 5/2-10/31 183 13.3 27 052 0.61
Left  5/2-10/31 183 13.5 2.7

Wolf Point Right 5/3-10/31 182 14.3 39 099 0.32
Left  5/3-10/31 182 14.7 4.1

Culbertson Right  5/8-7/31 85 18.5 3.8 0.24 0.81
Left 5/8-7/31 85 18.4 3.6

Nohly Right 5/1-6/22 53 14.7 2.1 1.51 0.13

Left 5/1-6/22 53 15.3 2.1
Below Yellowstone River Right 5/1-10/31 184 17.1 53 1.60 0.11
Left  5/1-10/31 184 18.0 5.7
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Table 8. Daily water temperature summary statistics (mean; standard deviation, SD; coefficient
of variation, CV) for Missouri River mainstem locations and off-channel locations in 2001.
Summary statistics for all sites were calculated for dates spanning 5/17/01-10/09/01 (N = 146) to
standardize comparisons among all loggers. See Figure 2 for a graphical representation of daily
water temperatures. ‘

Location Site Mean (°C) SD CV
Missouri River mainstem Robinson Bridge 20.1 3.7 18.4
Below Fort Peck Dam 13.0 152 116
Nickel Ferry (stratified) 13.4 1.82 136
Nickels Rapids 13.5 1.68 125
Frazer Pump (stratified) 13.8 1.76  12.8
Frazer Rapids 13.8 1.84 133
Frazer Pump 13.9 1.86 134
Grand Champs 14.4 203 141
Wolf Point 16.5 3.07 187
Poplar 16.8 283 16.8
Culbertson 17.9 346 193
Nohly 18.9 376  20.0
Below Yellowstone River 19.4 405 209
Off-channel or tributary Spillway 18.4 3.04 16.6
Milk River 19.1 376 19.6
Redwater River 19.0 423 223
Poplar River 19.4 386 199

Yellowstone River 19.3 4.19 21.7
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Figure 2. Mean daily water temperature (°C) at 10 sites on the mainstem Missouri River during
2001.
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Field turbidity measurements. Turbidity during the late-May through July larval fish
sampling period exceeded the maximum turbidity limit (1000 NTU) of the turbidity logger at
four of six sites on specific dates (Figure 3, 4). Because water samples were not diluted to
measurable values on all dates when turbidity exceeded 1000 NTU, values exceeding 1000 NTU
were truncated to 1000 NTU. Lack of accurate turbidity for these time periods precluded
statistical spatial and temporal comparisons; nonetheless, qualitative comparisons facilitate
interpretation of spatial and temporal trends. Turbidity was lowest at the larval fish sampling
station just downstream from Fort Peck Dam, and did not exceed 10 NTU (Figure 3). Turbidity
was also low in the spillway channel, and varied between 11 NTU and 73 NTU. In the Milk
River, turbidity exceeded 1000 NTU on three occasions and varied between 45 NTU and 833
NTU on other sampling dates. Turbidity at Wolf Point varied between 20 NTU and 550 NTU
during most sampling intervals, but exceeded 1000 NTU on three sampling dates (Figure 4). At
the larval fish sampling station near Nohly, turbidity exceeded 1000 NTU on one sampling date,
_ but varied between 40 NTU and 844 NTU during the other sampling dates. Among all locations,
- turbidity was generally greatest in the Yellowstone River. Turbidity in the Yellowstone River
exceeded 1000 NTU on five of the 17 sampling dates, and varied between 100 NTU and 817
NTU on the other 12 sampling dates.

Temporal variations in discharge had differential influences on turbidity among sites
(Figure 3, 4). Discharge from Fort Peck Dam had little influence on turbidity at the site
downstream from Fort Peck Dam. Conversely, turbidity tended to increase or decrease with
increases or decreases in discharge in the Milk River, and at Wolf Point and Nohly. Relations
between discharge and turbidity were less defined in the Yellowstone River where increases in
turbidity were not always associated with an increase in discharge.

Turbidity loggers. Turbidity loggers deployed in late summer 2001 provided a
continuous, short-term assessment of spatial and temporal variations in turbidity at two of three
sites. The turbidity logger deployed at Frazer Rapids failed to record data; therefore, no data was
available from this site. Mean daily turbidity near Nohly was relatively low (15 - 103 NTU)
during the recording period (Figure 5). Turbidity at Nohly increased during early September
concomitant with a 2,250 cfs decrease in discharge. Turbidity in the Yellowstone River was
relatively stable (23-40 NTU) from mid-August to early September. An abrupt increase in
Yellowstone River turbidity occurred between early- and mid-September as discharge increased
from 1,270 cfs to 4,500 cfs. During this time period, turbidity exceeded 1000 NTU on six dates.

Precision and accuracy of turbidity loggers. Periodic measurements of turbidity near the
Nohly turbidity logger during the course of this and other projects (Dave Yerk, Montana
Department of Fish,Wildlife, and Parks, pers. comm.) facilitated an evaluation of turbidity logger
performance. Eight field tubidity measurements (7 measurements on day 1 of logger
deployment, 1 measurement immediately preceding logger retrieval) were compared to turbidity
values recorded by the Nohly turbidity logger. There was no significant difference (t-test, t = -
0.35, P =0.78, df = 7) between field turbidity measurements (mean = 52,9 NTU, SD=15.2, N=
8) and logger turbidity measurements (mean = 56.2 NTU, SD =21.4, N = 8).
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Figure 3. Turbidity (NTU; vertical bars) and discharge (cfs; solid line) at larval fish sampling
sites located downstream from Fort Peck Dam (top panel), in the spillway channel (middle
panel), and in the Milk River (lower panel) during 2001.
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Figure 4. Turbidity (NTU; vertical bars) and discharge (cfs; solid line) at larval fish sampling
sites located at Wolf Point (top panel), at Nohly (middle panel), and in the Yellowstone River

(lower panel) during 2001.
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Figure 5. Mean daily turbidity (NTU; solid line) from turbidity loggers and discharge (cfs;

dashed line) in the Missouri River at Nohly (top panel) and in the Yellowstone River (lower

panel) during 2001.
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Monitoring Component 2 - Movements by pallid sturgeon
No pallid sturgeon were found in areas immediately downstream from Fort Peck Dam.
As a consequence, no pallid sturgeon were implanted with transmitters.

Monitoring Component 3 - Movements of paddlefish, blue suckers, and shovelnose
sturgeon

Extensive sampling throughout the study area resulted in capturing 16 suitable-sized blue
suckers for transmitter implantation. Blue suckers were collected just downstream from the Milk
River (3 individuals), near Culbertson (9 individuals), and in the Missouri River near the
Yellowstone River confluence (4 individuals). Mean length and weight of blue suckers was 669
mm and 2,336 g, respectively (Table 9). Seven individuals were identified as males, three were
females, and the sex of seven blue suckers was not positively determined. Blue suckers were
implanted exclusively with CART16-2S transmitters.

A total of 19 paddlefish were sampled for transmitter 1mplantat10n, and all were netted in
the Missouri River below the Yellowstone River confluence. Although extensive netting was
conducted in other areas of the Missouri River between Fort Peck Dam and the Yellowstone
River, only one other paddlefish was observed. This individual was caught just downstream
from Wolf Point, but escaped from the net while being retrieved. Paddlefish were implanted
exclusively with CART 32-18 transmitters, and averaged 996 mm and 15,732 g (Table 9). Of
the 19 paddlefish implanted with transmitters, 14 individuals were identified as males, 1
individual was female, and the sex of four individuals was not determined.

Twenty-nine shovelnose sturgeon suitable for transmitter implantation were collected
throughout the study area (4 individuals just downstream from the Milk River, 3 individuals near
Wolf Point, 7 individuals near Culbertson, 7 individuals near Nohly, and 6 individuals in the
Missouri River near the Yellowstone River confluence). Shovelnose sturgeon implanted with
transmitters averaged 746 mm and 1,947 g (Table 9). Seven individuals were identified as male,
18 individuals as female, and the sex of 4 individuals was not determined. The CART16-2S
transmitters were implanted in 21 shovelnose sturgeon, and an additional 8 individuals were
implanted with either the MCFT-3A or MCFT-7A radio transmitters.

Table 9. Number, sex ratio (male:female:undetermined), and length (mm) and weight (g)
metrics for blue suckers, paddlefish, and shovelnose sturgeon implanted with transmitters during
September and early October 2001.

Species Number  Sexratio Metric Mean Minimum Maximum
Blue sucker 16 6:3:7 Length 669 596 738
Weight 2,336 1,625 3,500
Paddlefish 19 14:1:4 ~ Length 996 918 1,185
Weight 15,732 11,339 32,205
Shovelnose sturgeon 29 7:18:4 Length 746 655 850

Weight 1,947 1,100 3,250
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Radio tracking was conducted during November 2001 in selected areas of the river to
obtain initial information on post-implantation movements. Three blue suckers and two
shovelnose sturgeon were relocated in a reach of the Missouri River spanning from rkm 2,842
(RM 1,765) to rkm 2,829 (RM 1,757). Both shovelnose sturgeon and two of the three blue
suckers relocated were originally implanted and released in the same reach. The third blue
sucker was originally implanted with a transmitter and released near Culbertson indicating that
this individual had migrated upstream about 211 km (131 miles) in a 2-month period. Tracking
throughout a 39-km (24-mile) reach of the Missouri River between Wolf Point and Poplar
provided relocation information on one shovelnose sturgeon. This individual was initially
implanted and released near Culbertson, and had migrated about 109 km (68 miles) upstream in a
2-month period. In addition to manual tracking, a data logging station operated by the USFWS
detected movements of paddlefish in the Missouri River downstream from the Yellowstone
River confluence (Wade King, USFWS, personal communication).

Monitoring Component 4 — Larval Fish

The late-May through July sampling period resulted in a total of 1,078 larval fish samples
(136 samples at the site just downstream from Fort Peck Dam, 136 samples in the spillway, 204
samples in the Milk River, 198 samples at Wolf Point, 200 samples at Nohly, 204 samples in the
Yellowstone River). The full compliment of four subsamples per replicate was collected at all
sites except on five occasions (Nohly, 7/5/01, replicate 2 and 3; Wolf Point, 7/19/01, replicate 1,
2, and 3) when only two subsamples per replicate were collected due to inclement weather.
Mean volume of water sampled per subsample was 77.7 m® at the site downstream from Fort
Peck Dam (total = 10,564 m?), 21.2 m®in the spillway (total = 2,882 m>), 90.7 m? in the Milk
River (total = 18,510 m’), 102.8 m® at Wolf Point (total = 20,364 m®), 65.4 m* at Nohly (total =
13,086 m?), and 47.9 m® in the Yellowstone River (total = 9,771 m’),

Relative abundance of fishes and eggs. Ten families cumulatively represented by 10,744
fish sampled during 2001 comprised the larval fish collections at all sites (Table 10).
Representatives of Catostomidae (suckers) and Cyprinidae (minnows and carps) were sampled at
all sites, and two families (Hiodontidae, exclusively goldeye; Percidae, perches) were sampled at
all sites except the site downstream from Fort Peck Dam. Representatives of Polyodontidae
(exclusively paddlefish) and Salmonidae (salmonids) were sampled at four of six sites,
Representatives from Sciaenidae (exclusively freshwater drum), Ictaluridae (catfishes), and
Acipenseridae (sturgeons) were sampled at three of six sites. Centrarchids (sunfishes) were
sampled at only two sites (spillway channel, Yellowstone River). Excluding larvae that could
not be definitively identified, the greatest number of families occurred in the Missouri River at
Wolf Point (9). Eight families were identified from samples collected in the Milk River, at
Nohly, and in the Yellowstone River. The site downstream from Fort Peck Dam yielded the
fewest families (3).

The proportion of the community comprised of various taxa varied among sites.
Catostomidae was the dominant taxon sampled, and comprised greater than 40% of the fishes
sampled at all sites (Table 10). Although catostomids comprised greater than 70% of the fish
community at sites located downstream from Fort Peck Dam, in the spillway channel, and at
Wolf Point, the proportion of the community comprised of catostomids decreased in the Milk
River, at Nohly, and in the Yellowstone River as other taxa (primarily Cyprinidae and
Hiodontidae) increased in abundance. Individuals identified as common carp Cyprinus carpio
dominated the Cyprinidac at several sites. Common carp represented 71.5% of the cyprinids in
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the Milk River, 68.8% at Wolf Point, 50.0% at Nohly, and 15.8% in the Yellowstone River.
Percids (primarily Stizostedion sp.) comprised 7.4-14.9% of the larval fishes sampled at Wolf
Point and Nohly, respectively, but had minimal representation in the spillway (3.3%), Milk River
(trace), and in the Yellowstone River (1%). The Milk River had the greatest proportion of
freshwater drum (11.7%); whereas, freshwater drum comprised only 2.5-2.6% of the fish
sampled at Wolf Point and Nohly. Larvae of Acipenseridae comprised 0.8%, 3.6%, and 2.6% of
the individuals sampled at Wolf Point, Nohly, and in the Yellowstone River, respectively. It
should be noted that final confirmation of Acipenseridae larvae and Polyodontidae larvae
sampled in 2001 is in progress. Therefore, results presented for Acipenseridae and
Polyodontidae are contingent on final family/species determinations. Paddlefish comprised less
than 0.1% of the larvae sampled in the Milk River, 0.1% at Wolf Point, 0.7% at Nohly, and 7.7%
of the larvae sampled in the Yellowstone River. In addition to larval fishes, a total of 7,435 eggs
were sampled across all sites during 2001. Of these, nine eggs identified as sturgeon and/or
paddiefish eggs were sampled Wolf Point, Nohly, and in the Yellowstone River.

Table 10. Number (N) and frequency (%) of larval fishes, and numbers of eggs sampled at six
sites in the Missouri River during 2001. T = less than 0.1%.

Below
Fort Peck Wolf Yellowstone
Dam Spillway  Milk River Point Nohly River
Taxon N % N % N % N % N % N %
Acipenseridae 6 08 10 36 8 2.6
Catastomidae 81 90.0 399 814 4624 524 546 722 111 402 139 446
Centrarchidae 15 3.1 2 0.6
Cyprinidae 3 33 52 106 2240 254 64 85 40 145 57 183
Hiodontidae 1 02 879 100 10 13 40 145 45 144
Ictaluridae 23 0.3 1 0.1 13 4.2
Percidae 16 3.3 2 T 56 74 41 149 3 1.0
Polyodontidae 1 T 8 11 4 14 24 7.7
Salmonidae 2 22 2 T 1 0.1 207
Sciaenidae 1029 11.7 20 26 7 25
Unknown 4 44 7 14 20 02 44 58 21 76 21 6.7
Total 90 490 8,820 756 276 312

Eggs
Sturgeon/paddlefish 1 1 7
Unknown 687 13 3455 829 546 1887

Spatial and temporal periodicity and densities of Acipenseridae and Polyodontidae
larvae. In the Milk River, one larval paddlefish was sampled on July 2, but no sturgeon larvae
were collected. At Wolf Point, six sturgeon larvae and eight paddlefish larvae were sampled
(Table 11). Larval sturgeon were sampled on July 17, July 19, and July 26, and mean density on
these dates was 0.08 - 0.40 larvae/100 m® (Table 11). Larval paddlefish at Wolf Point were
sampled on five dates (Table 11). Mean density of larval paddlefish on the five dates was 0.08 -
0.16 larvae/100 m’.
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Table 11. Total number (number), mean density (mean; number/100 m?), median density
(median), minimum density (min.), and maximum density (max.) of Acipenseridae and
Polyodontidae larvae sampled by date in the Missouri River at Wolf Point.

Date 2001
May June July
Metric 25 30 4 11 14 19 22 26 280 2 5 11 12 17 19 24 26
Acipenseridae
Number 1 2 3
Mean 0.08 040 0.18
Median 0 0 0.19
Min. 0 0 0
Max. 025 1.19 0.35
Polyodontidae
Number 2 1 2 2 1
Mean 0.16 0.08 0.15 0.15 0.11
Median 022 0 0 0.18 0
Min, 0 0 0 0 0

Max. 026 025 046 0.27 0.33

Ten sturgeon larvae and four paddlefish larvae were sampled at Nohly (Table 12). Larval
sturgeon were first sampled on June 21, and subsequently sampled on June 28, July 10, July 13,
July 18, July 24, and July 25. Mean density of larval sturgeon on the six dates was 0.07 - 0.23
larvae/100 m’. Larval paddlefish at Nohly were sampled on only two dates (June 28 and July
25), and densities did not exceed 0.19 larvae/100 m® (Table 12).

Table 12. Total number (number), mean density (mean; number/100 m®), median density
(median), minimum density (min.), and maximum density (max.) of Acipenseridae and
Polyodontidae larvae sampled by date in the Missouri River at Nohly.

Date 2001
May June July
Metric 29 31 6 12 15 18 21 25 28 3 5 10 13 17 18 24 25
Acipenseridae
Number 1 1 2 2 1 1 2
Mean 0.08 0.07 0.21 0.16 023 0.20 0.22
Median 0 0 0 0 0 0 0
Min, 0 0 0 0 0 0 0
Max. 0.25 0.20 0.65 049 0.70 0.59 0.67
Polyodontidae
Number 3 1
Mean 0.18 0.19
Median 0.20 0
Min. 0 0
Max. 0.36 0.57
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In the Yellowstone River, eight sturgeon larvae and 24 paddlefish larvae were sampled
(Table 13). Larval sturgeon were sampled on 6 dates (June 25, June 28, July 3, July 6, July 17,
and July 25), and mean densities were less than 0.44 larvae/100 m® (Table 13). Larval
paddlefish were sampled on eight dates between May 29 and July 25. On those dates when
larval paddlefish were collected in the Yellowstone River, mean densities varied from 0.08
larvae/100 m? to 2.1 larvae/100 m’.

Table 13, Total number (number), mean density (mean; number/100 m®), median density
(median), minimum density (min.), and maximum density (max.) of Acipenseridae and
Polyodontidae larvae sampled by date in the Yellowstone River.

Date 2001
May June July .
Metric 29 31 6 12 15 18 21 25 28 3 6 10 13 i7 18 24 25
Acipenseridae :
Number 2 1 1 2 1 1
Mean : 044 022 0.13 0.23 0.15 0.20
Median 0 0 0 0 0 0
Min. 0 0 0 0 0 0
Max. _ 132 0.67 039 0.70 0.44 0.60
Polyodontidae
Number 4 2 2 2 1 1 10 1
Mean 043 0.20 044 047 028 028 21 0.08
Median 0.53 0.28 064 0O 0 0 059 0
Min. 0 0 0 0 0 0 044 0
Max. 0.76 0.3t 0.68 141 085 083 528 0.24

Larval nets fished on the bottom tended to collect a greater number of larval sturgeon and
larval paddlefish. For example, of the 24 larval sturgeon sampled during 2001, 17 larvae
(70.8%) were sampled in larval nets fished on the bottom. Of'the 37 larval paddlefish sampled,
23 larvae (62.2%) were sampled in larval nets fished on the bottom. In addition to larvae,
sturgeon/paddlefish eggs were collected during 2001 at Wolf Point (June 19, N = 1), at Nohly
(July 13, N = 1), and in the Yellowstone River (June 18, N = 1; June 21, N = 1; June 25, N = 2;
July 3, N=2; July 6, N=1).
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Spatial and temporal periodicity and densities of larval fishes exclusive of Acipenseridae
and Polyodontidae. At the site downstream from Fort Peck Dam, mean density of larval fishes
varied between 0 and 3.8 larvae/100 m® during the sampling period (Figure 6). Catostomids
comprised the majority (90%) of the larval fishes below Fort Peck Dam, and exhibited highest
densities on the June 19, June 22, and June 29 sampling dates. Salmonids were sampled on the
initial sampling date (May 24), and had a mean density of 0.22 larvae/100 m®. Cyprinids were
sampled only on two dates (July 16, July 23), but at low densities (mean < 0.23 larvae/100 m? ).
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Figure 6. Mean density (number/100 m?) by date of all larval fishes (Total), Cyprinidae,
Catostomidae, and Salmonidae sampled at the site just downstream from Fort Peck Dam during
2001.
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In the spillway channel, mean density of larval fishes varied from 0 larvae/100 m® on
June 11 to a maximum of 74 larvae/100 m’ on July 26 (Figure 7). Samples through June 14 were
comprised predominantly of percids, centrarchids, and cyprinids (mean density < 5.3 larvae/100
m3). After June 14, catostomids increased in abundance and mean density exceeded 40
larvae/100 m® on three sampling dates (July 2, July 9, July 26).
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Figure 7. Mean density (number/100 m?) by date of all larval fishes (Total), Catostomidae,
Centrarchidae, Cyprinidae, Hiodontidae, and Percidae sampled in the spillway during 2001.
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The larval fish community in the Milk River exhibited pronounced temporal variations in
composition and density (0 — 180 larvae/100 m®) that were associated with spawning periodicity
of different taxa (Figure 8). Cyprinids (primarily common carp) exhibited maximum density
(mean = 82 larvae/100 m’) on June 19, and continued to be present in the community through
July 26 but at reduced densities (mean < 22 larvae/100 m®). A second peak in larval fish density
occurred on June 27 (mean density = 76 larvae/100 m’) as catostomids (mean density = 43
larvae/100 m®), and to a lesser extent sciaenids (mean density = 15.4 larvae/100 m3) and
hiodontids (mean density = 9.8 larvae/100 m3), increased in abundance. The greatest density of
larval fishes in the Milk River occurred on July 9 (mean densitjy = 180 larvae/100 m®) when the
density of catostomids was greatest (mean = 130 larvae/100 m”). Cyprinids also exhibited a
secondary peak in density on July 9 (mean = 22 larvae/100 m’). Salmonids were sampled only
on May 24 and May 30 at low densities (mean < 0.08 larvae/100 m®). Ictalurids were
represented during late samples (July 16 and July 26), but at low densities (mean < 3.1
larvae/100 m?).
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Figure 8. Mean density (number/100 m’) by date of all larval fishes (Total), Catostomidae,
Cyprinidae, Hiodontidae, Ictaluridae, Percidae, Salmonidae, and Sciaenidae sampled in the Milk
River during 2001.
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Temporal variations in the density of larval fishes at Wolf Point (mean 0.3 — 13.0
larvae/100 m’) were primarily attributed to temporal changes in the abundance of catostomids
and to a lesser extent percids and cyprinids (Figure 9). In early samples (May 25, May 29),
percid (primarily Stizostedion sp.) densities averaged 0.9 — 1.2 larvae/100 m” and comprised 75 —
91% of the total density of larval fish. The second period of elevated densities occurred on June
11 as the density of catostomids increased to 2.8 larvae/100 m’. The third peak in larval fish
densities on June 19 (7.2 larvae/100 m’) was associated with a continued increase in the density
of catostomids (3.8 larvae/100 m’) and a maximum density of cyprinids (2.9 larvae/100 m?).
After the June 19, densities of catostomids accounted for the majority of the larval fish sampled.
Mean density of other taxa (i.e., Sciaenidae, Salmonidae, Ictaluridae, and Hiodontidae) did not
exceed 0.71 larvae/100 m® on any sampling date.
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Figure 9. Mean density (number/100 m?) by date of all larval fishes (Total), Catostomidae,
Cyprinidae, Hiodontidae, Ictaluridae, Percidae, Salmonidae, and Sciaenidae sampled in the
Missouri River at Wolf Point during 2001.
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Mean density of larval fish at Nohly varied from 0 to 31.2 larvae/100 m’ during the larval
sampling period; however, two distinct modes in larval fish density characterized the periodicity
and occurrence of larval fishes in the samples (Figure 10). On May 31, the larval fish
community was comprised exclusively of percids (mean density = 26.8 larvae/100 m*). Total
density remained relatively low through June 21, then increased substantially on June 25 as
catostomids (mean density = 13.5 larvae/100 m”), cyprinids (12.0 larvae/100 m®), and hiodontids
(5.0 larvae/100 m°) exhibited peak abundance. Densities of larval fish were low after June 25.
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Figure 10. Mean density (number/100 m?) by date of all larval fishes (Total), Catostomidae,
Cyprinidae, Hiodontidae, Percidae, Salmonidae, and Sciaenidae sampled in the Missouri River at
Nohly during 2001.
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Mean density of larvae fishes in the Yellowstone River varied from 0.6 larvae/100 m® on
May 29 to 6.9 larvae/100 m® on July 10; however, temporal variations in larval density were
primarily influenced by three taxa (Catostomidae, Hiodontidae, Cyprinidae) that exhibited
cyclical periodicity in occurrence (Figure 11). Densities of Hiodonitidae and Catostomidae
varied inversely on most sampling dates, and comprised 52-100% of the total densities through
July 6. A shift in taxa composition occurred after July 6 when densities of catostomids peaked
on July 10 (mean density = 5.9 larvae/100 m?) and cyprinids exhibited a significant increase in
density on July 13 (mean density = 2.4 larvae/100 m”). Densities of other taxa (Centrarchidae,
Percidae, Ictaluridae) in the Yellowstone River were low (< 0.5 larvae/100 m®) throughout the
sampling period.
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Figure 11. Mean density (number/100 m’) by date of all larval fishes (Total), Catostomidae,
Centrarchidae, Cyprinidae, Hiodontidae, Ictaluridae, and Percidae sampled in the Yellowstone
River at Nohly during 2001.
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Monitoring Component 5 — Food habits of piscivorous fishes

Five burbot were sampled during July and August. Individuals varied from 335 mm to
456 mm (mean = 369 mm) and from 200 g to 425 g (mean = 247 mm). All five stomachs were
empty; thus, no information on food habits was obtained.

Channel catfish were frequently sampled, and stomachs from 76 individuals were
retained for diet analysis (Table 14). The sample of channel catfish covered a broad size
distribution (mean length = 387 mm, 222 mm - 655 mm; mean weight = 550 g, 82 g — 3,000 g).
Of the 76 stomachs obtained, 11 (14%) were empty. Diet material identifiable as fish
(osteichthyes) or fish fragments (e.g., scales, bones) was found in 71% of channel catfish
stomachs. Other organisms including orthopterans (e.g., grasshoppers), trichopterans
(caddisflies), coleopterans (beetles), dipterans (true flies) and horsehair worms (Gordioida) were
founded in greater than 10% of all stomachs. Representatives of ephemeroptera (mayflies),
hymenoptera (ants, wasps), plecoptera (stoneflies), and decapoda (crayfishes) were found in less
than 10% of the stomach samples. Detritus (e.g., algae, wood fragments) and miscellaneous
material (e.g., sand, rocks) were found in 46% of all stomachs. Trichopterans and fish comprised
greater than 20% of all ingested organisms on a numerical basis. On a weight basis, fish

dominated the diet and comprised 63.4% of ingested material.

Table 14. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for channel catfish sampled
in the Missouri River during July and August 2001. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Coleoptera 23 13.8 0.4
Diptera 11 6.7 0.3
Ephemeroptera 9 2.8 0.1
Hymenoptera 2 04 T
Orthoptera 38 11.5 4.6
Plecoptera 2 0.4 0.2
Trichoptera 25 26.9 0.3
Unknown 6 7.1 0.1
Crustacea Decapoda 6 1.6 8.7
Osteichthyes ~ Unknown 71 20.6 63.4
Gordioida 11 8.3 0.1
Detritus 46 9.0
Miscellaneous ' 46 12.8
Total number of Total weight =
organisms = 253 62.1g
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Stomach samples were obtained from 10 freshwater drum (Table 15). Freshwater drum
varied from 290 mm to 450 mm (mean length = 372 mm) and 304 g to 1,400 g (mean weight =
780 g). All 10 stomachs from freshwater drum contained diet material. Seventy percent of the
stomachs from freshwater drum contained fish or fish fragments. Of these, 20% of the stomachs
contained identifiable common carp. Unknown fishes were found in 50% of the stomachs.
Other diet components were found in 10-30% of the stomachs. Unknown fish or fish fragments
comprised the greatest frequency (52.0%) on a numerical basis. Similarly, common carp and
unknown fish and fish fragments cumulatively comprised about 80% of ingested material by

weight.

Table 15. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for freshwater drum
sampled in the Missouri River during July and August 2001. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Diptera 10 8.0 T
Hemiptera 10 12.0 T
Trichoptera 20 8.0 T
Crustacea Decapoda 30 12.0 19.5
Osteichthyes  (all) 70
Common carp 20 8.0 40.2
Unknown 50 52.0 39.6
Detritus 20 T
Miscellaneous 20 0.6
Total number of Total weight =
organisms = 25 518g
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Stomachs from 91goldeye (mean length = 268 mm, 152 mm — 362 mm; mean weight =
171 g, 25 g — 339 g) were obtained for diet analysis (Table 16). Of the 91 stomachs obtained, 84
(92%) contained food items. Goldeye ingested a broad range of food items, but fish and fish
fragments (58%), orthopterans (57%), and coleopterans (33%) had the greatest frequency of
occurrence. The greatest number of individuals ingested included representatives from
trichoptera (40.4%) and coleoptera (28.9%); however, orthoptera (55.9%) and fishes (23.5%)
comprised the greatest proportion of food ingested based on weight.

Table 16. Frequency of occurrence (%, number of individuals containing the specific food item/
nuniber of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for goldeye sampled in the
Missouri River during July and August 2001. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Coleoptera 33 289 6.2
Diptera 15 3.7 0.3
Ephemeroptera 4 1.1 T
Hemiptera 1 0.1 T
Hymenoptera 5 0.8 0.1
Odonata 2 0.3 0.6
Orthoptera 57 14.3 55.9
Trichoptera 18 40.4 4.2
Unknown 17 1.7 2.8
Osteichthyes  Unknown , 58 6.5 235
Gordioida 7 2.2 0.1
Detritus 11 1.3
Miscellaneous 21 ' 5.0
Total number of Total weight =
organisms = 757 649¢g
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A total of 59 stomachs was obtained from northern pike. The size distribution of
northern pike included individuals varying from 285 mm to 1,140 mm (mean Iength = 642 mm)
and 142 g to 8,550 g (mean weight = 2,055 g). Of the 59 stomachs obtained, 36 (61%) were
empty. Northern pike were primarily piscivorous as indicated by the high frequency of
occurrence (91%) of fish and fish fragments in the stomachs (Table 17). Of the prey fish
ingested, common catp were found in 27% of the stomachs. Emerald shiners, flathead chubs,
and northern pike were found 4% of the stomachs. Decapods and amphibians were found in 4%
of the stomachs. On a numerical basis, common carp (38.6%) and unknown fish and fish
fragments (48.6%) were the most common diet components consumed. Nearly 99% of the
weight of food items ingested was comprised of fish. However, this proportion was strongly
influenced by one 800-g northern pike that was found in the stomach of a 1,032 mm (7,000 g)
northern pike.

Table 17. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for northern pike sampled in
the Missouri River during July and August 2001. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Unknown 4 1.4 T
Crustacea Decapoda 9 29 0.8
Osteichthyes  (all) 91
Common 27 38.6 18.6
carp
Emerald 4 4.3 0.6
shiner
Flathead 4 1.4 1.0
chub :
Northern 4 1.4 64.5
pike
Unknown 83 48.6 14.1
Amphibia 4 1.4 0.4
Detritus 4 T
Total number of Total weight =
organisms = 70 12405 ¢




Sauger sampled for diet analysis averaged 364 mm (178 mm — 511 mm) and 428 g (40 g-
1,150 g). A sample of 47 sauger stomachs was obtained, and 14 (30%) stomachs were empty.
Sauger were primarily piscivorous as 94% of the stomachs contained fish and fish fragments
(Table 18). Of the fish consumed, common carp, emerald shiners, and goldeye were found in 3-
6% of the stomachs. Unknown fish and fish fragments were found in 85% of the stomachs. The
occurrence of coleopterans and emphemropterans in the diet was 3-6%. Numerically, unknown
fish comprised 89.1% of all items ingested. Fish and fish fragments comprised 100% of the diet
by weight of sauger, excluding trace contributions of other items.

Table 18. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for sauger sampled in the
Missouri River during July and August 2001. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Coleoptera 3 1.6 T
Ephemeroptera 6 3.1 T
Osteichthyes  (all) 94
Common carp 6 3.1 42
Emerald shiner 3 1.6 3.0
Goldeye 3 1.6 0.9
Unknown 85 89.1 91.9
Detritus 3 T
Miscellaneous 3 T
Total number of Total weight =
organisms = 64 156.2 g
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A sample of 29 stomachs was obtained for shovelnose sturgeon, and 1 stomach (3%)
was empty. Shovelnose sturgeon averaged 551 mm (340 mm — 718 mm) and 771 g (114 —
1,850). Dipterans had the highest frequency of occurrence, and were found in 86% of all
stomachs (Table 19). Other insect groups (ephemeroptera, orthoptera, trichoptera) were found in
7-36% of the stomachs. Fish and fish fragments occurred in 43% of the stomach samples.
Similar to frequency of occurrence, dipterans comprised greater than 78% of the diet by number
and weight. Ephemeroptera comprised 7.6-10.3% of the diet by number and weight. The high
frequency of occurrence by number for shovelnose sturgeon was attributed to four individuals
that had 945-2,538 larval dipterans in their stomach.

Table 19. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for shovelnose sturgeon
sampled in the Missouri River during July and August 2001. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Diptera 86 92.0 78.1
Ephemeroptera 36 7.6 10.3
Orthoptera 7 T 0.1
Trichoptera 29 0.3 0.3
Unknown 11 T 0.8
Osteichthyes = Unknown 43 0.1 59
Detritus 32 1.7
Miscellaneous 36 2.7
Total number of Total weight =
organisms = 9,769 278¢g
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A total of 34 stomachs was obtained from walleye. Walleye varied from 205 mm to 705
mm (mean length = 447 mm) and from 25 g to 2,450 g (mean weight = 942 g). Of the 34
stomachs obtained, 13 stomachs (38%) were empty. Walleye were primarily piscivorous
(frequency of occurrence of fishes in the diet = 100%; Table 20). Insects (i.¢. dipterans and
ephemeropterans) were found in 5% of the stomachs. Of the fish consumed, common carp were
identified in 19% of the stomachs. Common carp and fish cumulatively comprised 96.4% of all
organisms in the stomach by number and 100% (excluding trace amounts) of all organisms by

weight.

Table 20. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for walleye sampled in the
Missouri River during July and August 2001. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Diptera 5 1.8 T
Ephemeroptera 5 1.8 T
Osteichthyes  (all) 100
Commeon carp 19 16.7 42.7
Unknown 100 85.7 57.3
Detritus 5 T
Total number of Total weight =
organisms = 56 1819 ¢

Related Activities

Juvenile pallid sturgeon. Three hatchery-raised juvenile pallid sturgeon were sampled
during 2001 in conjunction with monitoring activities. Juvenile pallid sturgeon were sampled
near Wolf Point on September 12 (431 mm, 245 g, PIT tag number 424E2C054C), near Nohly
on September 24 (440 mm, 255 g, PIT tag number 424E3F352E, and just downstream from the
Yellowstone River confluence (370 mm, 151 g, PIT tag number 411D15473C).

Young-of-year sturgeon sampling. Benthic trawling was conducted on September 6 and
7 to sample young-of-year (YOY) pallid sturgeon and shovelnose sturgeon. Seven trawls were
conducted between Nohly and the Yellowstone River confluence, and 37 trawls were conducted
in the Missouri River from the Yellowstone River confluence to below the Highway 85 bridge
tkm 2,500 (RM 1,553) in North Dakota. No YOY sturgeon were sampled upstream from the
Yellowstone River confluence. Three YOY shovelnose sturgeon were sampled near rkm 2,541
(RM 1,578; 63 mm, 46 mm, 49 mm) and two YOY shovelnose sturgeon were sampled at the
Highway 85 bridge (43 mm, 44 mm).

39




Discussion

Physical and biological data collected under the Fort Peck Data Collection Plan during
2001 provides baseline information that will be used to evaluate physical and biological changes
resulting from modified flow releases. In addition to this information, baseline information
collected by the Montana Department of Fish, Wildlife and Parks and the U. S. Fish and Wildlife
Service will also be used to examine the influence of modified flow releases on pallid sturgeon
and other native fishes.

Monitoring Component 1 - Water temperature and turbidity

Water temperature loggers deployed during 2001 generally had a good level of precision
and accuracy during water bath comparisons with the exception of the three aforementioned
“suspect” loggers. However, accuracy and precision were generally greater at warm water bath
treatment temperatures (e.g., > 20°C) than at cooler treatment temperatures (< 15°C). Warm
water bath treatments were conducted at relatively stable room temperatures that created
homeothermal conditions in the water bath; therefore, recorded values represented temperature in
a minimally changing, homeothermal environment. When the water bath was moved outside
into cooler conditions, it is possible that the water did not cool at the same rate throughout the
water bath. As a consequence, loggers positioned near the edge of the water bath may have
recorded a different temperature than loggers positioned near the middle of the water bath.
Water temperature was measured with the YSI and alcohol thermometer near the middle of the
water bath. Because the position of each logger was not recorded, it was not possible to more
thoroughly address position-related variations in water temperature. In 2002, water temperature
loggers will be subjected to additional pre- and post-deployment tests to examine precision and
accuracy through a range of water temperatures.

Comparisons between water temperature collected during larval fish sampling and water
temperature recorded by loggers near the larval fish sampling sites provided an extended (> 2
months) in situ assessment of logger accuracy. No significant differences in water temperature
were found at five of six sites despite differences in measurement location (i.e., loggers recorded
water temperature near the bottom, water temperature during larval fish sampling was measured
in the upper 1-m of the water column). These results suggest the loggers maintained a high level
of accuracy during the deployment period and that the water column was homeothermal. In
contrast, water temperature differed between the logger and YSI at the site just downstream from
Fort Peck Dam. A clear explanation for this difference is not known. Similar to 2001, water
temperature measured during larval fish sampling in 2002 will be compared to logger data.

The good level of precision and accuracy exhibited by water temperature loggers (with
the exception of the three suspect loggers) facilitates a discussion of lateral and longitudinal
water temperatures recorded in 2001. Mean daily water temperature at nine sites did not differ
significantly between left and right bank locations during the period when data from duplicate
toggers were available (Table 7). These results suggest that the Missouri River was laterally
homeothermal and that tributary inputs had minimal influence on lateral variations in water
temperature during 2001. These conclusions are based on comparisons spanning the entire
period from early May through October (at most sites); however, there were specific instances
within the entire time period when lateral variations in water temperature occurred. For
example, downstream from the Milk River at the Nickels Rapids site, water temperature near the
right (north) bank on June 18 and July 16 was 1.9 - 2.3°C warmer than near the left (south) bank.
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Increased discharges of warm water from the Milk River elevated water temperatures on the
north bank due to incomplete lateral mixing of Milk River-Missouri River water at Nickels
Rapids. Earlier studies have also shown that inputs from the Milk River differentially affect
water temperature at downstream sites, but the effects are most prevalent in spring and early
summer when the Milk River exhibits greatest flows (Gardner and Stewart 1987; Yerk and
Baxter 2001).

Longitudinal water temperature profiles obtained during 2001 provided baseline data that
will be used to evaluate the influence of Fort Peck flow modifications on water temperature.
Between mid-May and mid-October, water temperature in the Missouri River upstream from
Fort Peck Lake averaged 7.1°C greater than directly downstream from Fort Peck Dam, and 1.2°C
greater than at Nohly. Given natural increases in water temperatures from upstream to
downstream that would be expected in the unmodified Missouri River (Galat et al. 2001) and
other rivers (Allan 1995), water temperature should be greater at Nohly than upstream from Fort
Peck Dam. However, despite 303 km (188 miles) of free-flowing river downstream from the
dam, water temperature remained suppressed below ambient conditions upstream from the
reservoir. Gardner and Stewart (1987) similarly found that June — September water temperatures
below the dam, at Wolf Point, and at Culbertson were 8.0°C, 4.5°C, and 3.3°C lower,
respectively, than water temperatures upstream from the reservoir. Specifically related to the
Missouri River Biological Opinion (USFWS 2000), a primary goal of the Fort Peck Flow
Modification project is to establish and maintain a minimum water temperature of 18°C at Frazer
Rapids (rkm 2,811, RM 1746) during May and June. The maximum mean daily water
temperature recorded at Frazer Rapids during 2001 was 17.2°C on July 16 and 17.4°C on July
17. In 2000, Yerk and Baxter (2001) similarly showed that the maximum mean daily water
temperature at Frazer Rapids slightly exceeded 17.0°C in mid-July.

Turbidity measurements from late May through mid September provided a baseline
assessment of spatial and temporal turbidity patterns. Fort Peck Lake serves as a sediment trap;
therefore, turbidity was lowest at the site directly downstream from the dam. Inputs from the
Milk River and other tributaries elevated turbidity at sites further downstream from Fort Peck
Dam similar to conditions described by Gardner and Stewart (1987). On a temporal scale,
changes in river discharge influenced turbidity at all sites except the site directly downstream
from the dam. Elevated turbidities typically occurred on the ascending limb, peak, or descending
limb of the hydrograph. Hourly turbidity measurements recorded by the turbidity loggers
provided a more refined examination of relations between discharge and turbidity. For example,
mean daily turbidity in the Yellowstone River increased rapidly as discharge increased; whereas,
mean daily turbidity at Nohly increased as discharge declined by about 2,000 c¢fs. Declines in
discharge flush organic material and organisms from dewatered backwaters and side channels
into the main channel (Modde and Schmulbach 1977). This process may partially explain the
turbidity increase at Nohly concomitant with the declining hydrograph. It should be noted that
the increase in turbidity that occurred at Nohly in early September (15 — 103 NTU) was small in
comparison to discharge-related variations in turbidity that occurred between late May and
August (e.g., 40 — >1000 NTU).

Limited comparisons of turbidity measured with the Hach turbidimeter and turbidity
loggers suggested accuracy of the turbidity loggers was good during the limited deployment
period. However, periodic field observations indicated the turbidity loggers accumulated debris
in their flowing water locations that could influence the accuracy of turbidity measurements.
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Turbidity loggers deployed in 2002 — 2004 will be cleaned on a weekly basis to maintain
measurement accuracy. In addition, pre- and post-deployment calibrations will be conducted.

Monitoring Component 2 — Movements by pallid sturgeon

Pallid sturgeon were not found in the Fort Peck tailwaters in winter 2001. The last
recorded observation of pallid sturgeon in the tailwaters occurred in 1996 (Liebelt 1998) when
three individuals were captured by SCUBA. However, anecdotal information from an
independent diver reported that pallid sturgeon were observed in the tailwaters in winter 1997.
Attempts to locate and capture pallid sturgeon for transmitter implantation will continue in the
tailwaters throughout the duration of the study. Information on seasonal movements of pallid
sturgeon from the tailwaters would be complimentary to existing movement-related studies being
conducted by the USFWS in the Missouri River-Yellowstone River confluence area.

Monitoring Component 3 - Movements of paddlefish, blue suckers, and shovelnose
sturgeon

Similar to pallid sturgeon, paddlefish, blue suckers, and shovelnose sturgeon are
migratory during the spawning season, respond to discharge and thermal cues for spawning
migrations, and spawn in gravel substrates (Breder and Rosen 1966; Needham 1979; Berg 1981;
Penkal 1981; Moss et al. 1983; Hurley et al. 1987; Gardner and Stewart 1987; Pflieger 1997;
Bramblett and White 2001). Successful implantation of transmitters in paddlefish, blue suckers,
and shovelnose sturgeon was a critical first-step towards examining biological response of native
Missouri River fishes to changes in the operations of Fort Peck Dam. Beginning in late April or
early May 2002, individuals will be manually tracked at 1 — 4 day intervals through June and
perhaps longer. Manually tracking efforts will be complimented by a network of seven fixed
logging stations that will continuously monitor fish movements in the Missouri River between
Fort Peck Dam and the confluence of the Yellowstone River. Additional logging stations
operated by the USFWS in the lower Missouri River and Yellowstone River may also be used to
record discharge- and temperature-related movements.

Monitoring Component 4 — Larval Fish

The number of larval sturgeon sampled during 2001 (Wolf Point = 6; Nohly = 10;
Yellowstone River = 8) generally exceeded numbers reported in earlier studies, but the number
of larval paddlefish sampled during 2001 (Milk River = 1; Wolf Point = 8; Nohly = 4;
Yellowstone River = 24) was generally similar to earlier investigations. For example, in samples
conducted during 1994, Liebelt (1996) reported that no larval sturgeon were sampled at Wolf
Point and only four sturgeon were sampled near Nohly. The Yellowstone River was not sampled
in 1994. Samples conducted during 1995 resulted in one larval sturgeon near Nohly and nine
larval sturgeon in the Yellowstone River (Liebelt 1996). In 1996, three larval sturgeon were
sampled in the Yellowstone River, but none were sampled at Wolf Point or Nohly (Liebelt
1998). Liebelt (2000) sampled one larval sturgeon at Nohly during 1999, but did not sample any
sturgeon at Wolf Point or in the Yellowstone River. Larval fish sampling was not conducted at
Nohly or in the Yellowstone River during 2000, and only one larval sturgeon was sampled at
Wolf Point in 2000 (Yerk and Baxter 2001). For paddlefish, Liebelt (1996) sampled three
individuals at Nohly during 1994, but did not sample any larval paddlefish in the Milk River or
at Wolf Point. Liebelt (1996) sampled 47 larval paddlefish (15 at Nohly, 32 in the Yellowstone
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River) during 1995. In 1996, two larval paddlefish were sampled in the Yellowstone River,
seven larval paddlefish were sampled upstream from the Yellowstone River confluence
(presumably in the Wolf Point, Culbertson, and Nohly areas), and no larval paddlefish were
sampled in the Milk River (Liebelt 1998). Samples conducted during 1999 resulted in the
collection of one larval paddlefish in the Milk River, three in the Yellowstone River, but no
larval paddlefish were sampled at Nohly (Liebelt 2000). In 2000, one larval paddlefish was
sampled at Wolf Point, but no larval paddlefish were sampled in the Milk River (Yerk and
Baxter 2001). Differences in the number of larval sturgeon and larval paddlefish collected
among studies may be due to several factors including differences in sample number and sample
intensity among studies, and annual variations in spawning success related to inter-annual
variations in discharge and water temperature regimes.

The temporal periodicity of larval sturgeon and paddlefish observed in 2001 was
consistent with species-specific spawning characteristics. Because paddlefish spawn at lower
water temperatures than sturgeon (Wallus 1990; Yeager and Wallus 1990), concentrations of
paddlefish generally occurred earlier during the larval fish sampling period as evidenced by
results from Wolf Point and the Yellowstone River, Although there were similarities in the
periodicity of larval paddlefish and larval sturgeon between sites, concentrations of sfurgeon
larvae typically appeared carlier in the Yellowstone River than at sites in the Missouri River.
Concentrations of larval sturgeon were sampled in the Yellowstone River from late June through
July; whereas, concentrations of larval sturgeon did not occur until early July at Nohly and mid
July at Wolf Point. In earlier studies, larval sturgeon were first sampled upstream from the
Yellowstone River confluence on July 16, 1999 (Liebelt 2000), on July 18 — 19, 2000 at Wolf
Point (Yerk and Baxter 2001), at Nohly on July 8 — 14, 1994 (Liebelt 1996), in the Yellowstone
River on June 15 —16, 1995 (Liebelt 1996), and in the Yellowstone River on July 9 — 12, 1996
(Liebelt 1998). Warmer water in the Yellowstone River likely promotes earlier spawning by
sturgeon in comparison to the Missouri River at Nohly and Wolf Point where water temperature
increases are delayed. Larval fish sampling in subsequent years will more thoroughly investigate
this hypothesis especially in regard to modified flow releases from Fort Peck Dam.

Statistical analyses examining spatial and temporal patterns in taxa composition and
larval density will be conducted following fieldwork in 2002, 2003, and 2004. However, larval
fish data collected in 2001 provides preliminary information that can be evaluated in the context
of earlier studies. Similar to our results, earlier studies have also found that the least number of
larval fish taxa typically occurs in the coldwater reaches directly downstream from Fort Peck
Dam and that taxon composition increases in mainstem or tributary locations with warmer water
temperatures (Gardner and Stewart 1987; Liebelt 2000; Yerk and Baxter 2001). Pooled among
sampling periods, catostomids dominated the larval fish community at all sites and comprised
40% (Nohly) to 90% (downstream from Fort Peck Dam) of the larval fishes sampled. Gardner
and Stewart (1987) similarly reported that catostomids comprised 100% of the larval fishes just
below Fort Peck Dam, and 39% of the larval fishes sampled near Culbertson (their sampling
station closest to Nohly). Stewart (1983) also found that catostomids comprised about 90% of
the larval fish sampled at 25 sites in the mainstem Missouri River downstream from Fort Peck
Dam.

Earlier larval fish studies did not sample at the same intensity as was conducted during
this study; therefore, it is not appropriate to directly compare densities of larval fish obtained in
this study with densities obtained in earlier studies. Nonetheless, qualitative comparisons can be
made. In this study, greatest densities of larval fishes occurred in mid to late June at sites
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downstream from the dam, at Wolf Point, and at Nohly (with the exception of Percidae).
Maximum densities in the Milk River and spillway occurred in early to mid July. Maximum
density of larval fish in the Yellowstone River occurred in early July, but earlier samples also
had high densities. Gardner and Stewart (1987) found highest densities of larval fish occurred
during June in three of four years. Averaged across sampling periods, Gardner and Stewart
(1987) reported average densities of larval fish in 1979 were 0 larvae/ 100 m® below Fort Peck
Dam, 8.7 larvae/100 m’ in the Milk River, and 0.2 larvae/100 m® at Wolf Point and Culbertson.
In larval fish samphng conducted in 2000, Yerk and Baxter (2001) reported mean densities of
0.3 fish/100 m’ below Fort Peck Dam, 11.5 larvae/100 m3 in the Milk River (only one date), and
2.1 larvae/100 m® at Wolf Point. Trends in larval fish densities during 2001 were similar as
mean density across sampling periods was lowest downstream from the dam (0.9 larvae/100m’ )
increased in the Milk River (44 6 larvae/100 m’), then declined at Wolf Point (3.7 larvae/100 m %)
and Nohly (4.9 larvae/100 m®). The annually consistent larval fish sampling protocols outlined
in the Fort Peck Data Collection Plan, in conjunction with larval fish information generated from
the existing W APA-supported monitoring program, will provide a comprehensive understanding
of how changes in Fort Peck Dam operations influence spawning success of sturgeon,
paddlefish, and other native Missouri River fishes. These studies will more stringently address
the hypothesis that reproductive success and densities of larval fishes are directly related to river
discharge (Gardner and Stewart 1987). In addition, we have initiated a power analysis of the
2001 larval fish data set to guide larval fish sampling activities in 2002, 2003, and 2004. For
example, the analysis will help determine whether the existing effort (e.g., subsamples,
replicates) in the context of sample variance provides sufficient power to detect inter-annual
differences in larval fish density. Results from this analysis will be prepared by May 5, 2002.

Monitoring Component S — Food habits of piscivorous fishes

The primary impetus for this monitoring component was to determine whether sturgeon
larvae and juveniles are consumed by the piscivore fish assemblage in the Missouri River. In
2001, stomach contents from all species except burbot contained identifiable fish or
miscellaneous fish body parts; however, there was no evidence of piscivory on sturgeon. Fish
parts were primarily scales and ossified bone — skeletal features not characteristic of sturgeon.

Variations in the diet of species sampled in this study were evident. Fish comprised
greater than greater than 63% of the biomass of ingested items in channel catfish, freshwater
drum, northern pike, sauger, and walleye; whereas, orthopterans comprised nearly 60% of the
diet biomass in goldeyes. Dipterans comprised about 78% of the diet biomass in shovelnose
sturgeon. In a Missouri River backwater downstream from the Yellowstone River, Fisher et al.
(2001) found fishes comprised 49 — 100% of the wet mass diet in sauger, northern pike, and
walleye during July. Contrary to our findings, Fisher et al. reported that corixids and
coleopterans were the dominant food item in goldeyes, and that chironomids comprised 36 —
58% of the diet in freshwater drum. For channel catfish, Fisher et al. (2001) found that
individuals 400 — 549 mm fed predominantly (44%) on coleopterans, but individuals greater than
549 mm fed predominantly (47.1%) on fish. Similar to our study, Stewart (1983) and Gardner
and Stewart (1987) found sauger in the Missouri River downstream from Fort Peck Dam fed
predominantly on fishes during the summer. For shovelnose sturgeon, Gardner and Stewart
(1987) found individuals fed predominantly on dipterans. Piscivores will be sampled in late
June, July, and August of 2002. A more complete analysis and discussion of piscivore food
habits will be presented following completion of 2002 field activities.
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INTRODUCTION

The Fort Peck Assiniboine and Sioux Tribes (Tribes) are concerned that Great Plains
cottonwood (Populus deltoides) woodlands, along the Missouri River on the Fort Peck
Reservation (Reservation), in eastern Montana are dying out (i.e., declining in spatial
extent and vigor and may not be regenerating young trees to replace older trees that are
dying). The riparian cottonwood woodlands along the Missouri River on the Reservation
are of cultural, aesthetic, spiritual, and biological importance to the Tribes.

Cottonwood woodlands are declining due to several factors. Construction and operation
of the Fort Peck Dam, upstream from the western boundary of the Reservation, has
altered flow regimes of the Missouri River, channel morphology, and vegetation on the
floodplain of the river. Fires have killed stands of cottonwood and agricultural operations
have replaced cottonwood communities with hay fields and crops. Livestock grazing and
trampling has degraded the vegetation on some sites.

An indirect effect of historic operation of the Fort Peck Dam on cottonwoods might be
the proliferation of beavers along the Missouri River. High densities of beavers are
causing substantial mortality to cottonwoods along the river.

In response to concerns expressed by the Tribes, the Army Corps of Engineers funded
this study to document the status of riparian cottonwood woodlands along 141 miles of
Missouri River shoreline on the Reservation. The purpose of the study is to establish
baseline conditions concerning the demography, seral ecology, volume and growth rates,
species composition, and structural features of cottonwood commungties along the
Missouri River. These studies establish baseline conditions so that effects of future
operations of the Fort Peck Dam can be assessed and a management plan prepared for
regeneration of cottonwoods on a sustained basis.

This report presents results of the cottonwood study conducted by Joe C. Elliott,
Ecological Consultant, under contract to the Tribes This report also presents a literature
review of riparian cottonwood ecology and beaver-cottonwood interactions and suggests
measures to mitigate resource losses associated with the decline of cottonwood
woodlands on the Reservation.

REVIEW OF COTTONWOOD ECOLOGY

The following is a review of scientific studies of cottonwood ecology in the western
United States and Canada. This review documents the interaction of seasonal hydrology,
sediment deposition, and other factors that affect reproduction of riparian cottonwoad
communities. The following studies provide information on aspects of riparian plant
ecology that are relevant to assessing the status of cottonwood communities on the
reservation.




Riparian Vegetation

Riparian vegetation is comprised of plant communities that occur in transitional zones
between aquatic and terrestrial ecosystems. These plant communities are “pulse-
stabilized” systems maintained in continual ecological transition (disclimax) through the
pulse of periodic flooding. Scouring by floodwaters and deposition of water-borne
sediment (altuvium) creates optimum habitat for seedlings of cottonwood and willow
species. Seeds of these species germinate almost exclusively on recently deposited, fully
exposed alluvium.

According to Mahoney and Rood {1993), the following factors are important for
cottonwood seedling establishment: 1) peak flows to prepare germination sites; 2)
receding flows at the time of seed release to expose new germination sites; 3) gradually
declining water table to limit seedling drought stress and promote root growth; 4)
adequate summer flows to meet high water demands; and 5} adequate autumn flows to
maintain water balance and over-winter survival. A detailed discussion of life history,
ecology, and conservation of North American cottonwood forests is presented by Braatne
and others (1996), Johnson (1992), and Hansen and Suchomel (1990). Fluvial processes
associated with establishment and maintenance of riparian forests are discussed by Scott
and others (1996)

Construction and operation of dams can affect riparian ecology by altering the seasonal
timing and magnitude of stream flows, sediment transport potential of downstream
waters, and ice formation. These influences of dams on hydrology can affect amounts of
water available to vegetation; meandering rate of streams; formation and erosion of
stream banks, bars, and islands; establishment of cottonwood and willow species; and
regeneration of senescent riparian plant communities.

Studies of riparian vegetation on the Reservation were conducted by Miles et al (1993)
and Hansen et al (1995). These researchers studied three plots along the Missouri River
and suggested that altered flows from damming the Missouri River have drastically
reduced Great Plains cottonwood regeneration. Using 1979 aerial photographs, these
researchers mapped riparian plant communities on the Reservation.

Ecology of riparian forests on the St. Mary, Waterton, and Belly rivers in Alberta were
studied by Rood and Heinze-Milne (1989). They found that riparian forests downstream
from the St. Mary and Waterton dams declined by 48 and 23 percent, respectively. There
was negligible reduction in cottonwood forests on the undammed Belly River,
downstream from an irrigation diversion. The decline in cottonwood forests was
attributed to low summer flows, resulting from dam operation that led to drought-induced
mortality.

Rood and others (1995) also addressed cottonwood decline on the St. Mary River.
Analyses of historical stream flows indicated that cottonwood mortality was drought-
induced as a result of insufficient flows during the hot dry, summer periods and abrupt
flow reductions following the high-flow period in spring.




The collapse of riparian poplar forests downstream from dams in western North
American prairies was investigated by Rood and Mahoney (1990). They reviewed
literature that reported vegetation impacts, downstream from dams on the Missouri, Big
Horn, South Platte, Milk, St. Mary, Waterton, and Belly rivers and concluded that dams
contribute to forest failure by: reducing downstream flows, altering flow patterns to
attenuate spring flooding, and stabilizing summer flows. Reduced downstream flows can
cause drought stress. Moderation of spring flooding can inhibit formation of seedbeds
essential for germination and growth of riparian species.

Flooding patterns associated with ecological succession of riparian vegetation along the
Red Deer River in southern Alberta were studied by Cordes and others (1997). They
found that cottonwood regeneration was initiated on the floodplain by major floods
(recurrence interval greater than 1 in 50 year events). Construction of the Dickson Dam
has led to attenuation of floods, reduced the occurrence of extensive floods, and lowered
potential for cottonwood forests downstream from the dam to be regenerated.

Impacts of the Fresno Dam on the Milk River in northern Montana and southern Alberta
were studied by Bradley and Smith (1984 and 1985). They found that cottonwood
densities on the Milk River floodplain were reduced 25 kilometers downstream from the
dam in Montana. Cottonwood densities upstream from the dam in Alberta were
significantly higher. They interpreted the results of their studies to suggest that
cottonwood decline is due to a marked reduction in flood magnitude and frequency, rates
of sedimentation, and channel meandering,

Impacts on cottonwoods, along the Marias River in Montana, downstream from the Tiber
Dam, were reported by Rood and Mahoney (1995). Their studies found that: 1) reduced
flooding allowed dense growth of grass, shrubs, and sedges to compete with cottonwood
seedlings, 2) hydrological patterns of spring flooding and subsequent gradual flow
decline required for seedling establishment is lacking; 3) formation of point bars and
lateral bars, necessary for seedling establishment, has been inhibited; and 4) suspended
sediment settles out in the reservoir, which may contribute to chanrel entrenchment.

Lesica and Miles (1998) also studied the ecology of cottonwoods along the Marias River
downstream from the Tiber Dam. They observed that cottonwood recruitment that once
occurred over large areas of the floodplain is now confined to a narrow zone along the
channel. Seventy-seven percent of cottonwood trees in all age classes were damaged by
beavers, effectively preventing cottonwoods from developing close to the river. They
found that preference of beavers for cottonwood over the exotic invader species, Russian
olive, is Jeading to replacement of cottonwood on some areas of the floodplain by
Russian olive.

Flood dependency of cottonwoods along the Missouri River in Montana was studied by
Scotit and others (1997). They found that 72 percent of cottonwood trees established
following floods with recurrence intervals greater than 9 years. Flows of this magnitude
are necessary to create moist alluvium at elevations high enough to allow cottonwoods to




survive subsequent floods and ice jams. Almost all cottonwoods that have survived
recent floods were established higher thar 1.2 meters above the lower limit of perennial
vegetation {(active channel shelf).

Studies of the Platte River in Nebraska (Johnson 1994) found that cottonwood forests
have colonized formerly active channels of the Platte River as a result of lowering of
stream flows for irrigation and to fill dams. This finding differs from results reported by
researchers in Montana and Alberta. Accordingly, Johnson (1994) observed that
responses of the Platte River differed from responses of other rivers. He states that the
divergent response observed, despite similar disturbances, indicates complex
relationships among plants and geomorphic processes operating on floodplains and the
difficulties in understanding, generalizing, and predicting the impacts of modification of
stream flow on natural ecosystems.

Beaver Ecology

Studies on beaver ecology and field observations on the Reservation indicate that beaver
depredation on cottonwood is a major factor in declines of cottonwood forest on the Fort
Peck Reservation. It is probable that historic operation of the Fort Peck Dam has
influenced beaver population densities, distribution, and effects on cottonwoods.

General information on life history, behavior, and ecology of beavers is presented Olson
and Hubert (1994) and Jenkins and Busher (1979). Beavers generally breed in January or
February and give birth in May or June in lodges, constructed of mud and sticks, or in
burrows excavated into riverbanks. Typically, bank burrows have underwater entrances
that deter predators such as coyote and wolves and remain free of ice in winter.

Beavers live in family groups called colonies. Each colony of beavers occupies a reach
of stream in common, uses a common food supply, and lives in the same burrows or
lodges. Each colony is territorial and marks its territory with scent posts to deter use of
space and food by neighboring colonies. Density of colonies and numbers of individuals
varies depending on food supply, availability of sites suitable for winter burrows, history
of flooding, and levels of mortality (e.g., from starvation, predation, trapping, and
disease). Bergerud and Miller (1977) found that territorial behavior spaces colonies,
dispersing populations within [imits of food and water resources. However, territorial
behavior does not prevent overutilization of food resources and population declines from
reduced reproduction and increased mortality.

Beavers eat relatively large amounts of herbaceous vegetation in summer, but rely on
trees and shrubs for critical winter nutrition. In order of preference, beavers eat aspen,
willow, cottonwood, alder, and red-osier dogwood most frequently (Olson and Hubert
1995).

Dams can influence beaver populations by converting riparian areas fo reservoir pools.
Reservoir pools typically provide poos habitat for beavers because: shoreline vegetation
is sparse, often lacking in favered food plants; reservoirs typically have unstable banks




unsuitable for construction of burrows because wave action erodes banks and formation
of winter ice separates beaver from water (burrows and security from predation) and food
(Brown 1989, Bissell and Brown 1987).

Mack and others (1990) studied how Kerr Dam on the Flathead River has affected beaver
and other wildlife. They found that stream flow fluctuations caused by Kerr Dam caused
winter colony sites to be de-watered, flooded, and subjected to extreme shoreline icing.
Heavy icing followed by rising water levels dislodged beaver food caches.

Lesica and Miles (1998) found that high beaver populations on the Marias River of
Montana greatly affect riparian ecology by destroying cottonwoods and allowing
proliferation of Russian olive. They speculate that the Tiber Dam that increases the
number of potential den sites safe from flooding and severe drawdown may have
enhanced beaver populations through flow regulation. This effect on population is
supported by studies of Collins (1976), which found dramatic population movements
occurred when beavers abandoned dwelling sites (lodges and burrows) due to seasonally
high and low stream flows.

Beaver populations are controlled largely by dispersal (Olson and Hubert 1994). Two-
year old beavers leave the colony in late spring in search of mates. Dispersing two-year
old beavers usuaily move 5 to 10 miles with moves of over 100 miles being reported.
Mortality during dispersal is usually substantial.

METHODS

Data on cottonwoods were collected at 30 randomly located circular plots, 0.1-acre in
size, located on tribal or allotted lands. Sample plots were located on floodplain terraces,
usually about 10-15 feet above the surface of the river at the time of sampling (i.e.,
September). Major floods that occurred prior to construction of the Fort Peck Dam
periodically inundated these terraces. Map of plot locations are included in Appendix A.
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Data was collected for number of trees, tree height, tree diameter, age, crown condition,
and reproduction of seedlings and saplings. Tree ages were estimated by coring trees
with an increment borer. Appendix B includes the field forms and data collected for each
plot. Trees that were dead or damaged by beavers were also recorded. Joe Elliott and
Drake Barton collected data during the week of September 10-14, 2001. Access to
randomly located plots was by gained by working from a canoe.

Mark Teply of Larix Systems, Inc. generated random plot locations and statistically
analyzed the data collected in this study. Tree data were summarized on a plot basis for
the following parameters: average diameter at breast height (DBH), trees per acre, basal
area, and cubic volume. With the exception of volume, parameters were summarized for
both live and dead trees. Volume estimates were calculated for live trees only and were
based on gross volume tables prepared by Edminster et al. {1997) for plains cottonwood.
Log-linear diameter-height relationships were developed from these data to support
volume estimation. Live tree data were also summarized based on stocking classes




described by Meyer and Buchman (1984) by way of descriptive statistics for each
parameter of interest and DBH class distributions.

RESULTS

Relatively open stands of Great Plains cottonwood (Populus deltoides) are the dominant
forest community on upper floodplain terraces (10-15 above the level of the river during
low-flow pericds) along the Missouri River. Although the spatial extent of cottonwood
woodlands have been reduced by clearing of land for agriculture and other factors,
cottonwood woodlands still are present on substantial areas of the Missouri River
floodplain, often extending 2 mile or more from the river.

Riparian communities along the Missouri River, on the Reservation, typically consist of
an overstory dominated by Great Plains cottonwoods (40-80 percent canopy cover).
Cottonwood stands tend to be even-aged with relatively consistent diameters ranging
from 12-40 inches in diameter. Although it was not possible to accurately determine tree
ages because most mature trees have heart rot, it appears that nearly all the trees are more
than 70 years old with many trees being over 100 years old. Most cottonwoods are
declining in vigor as evidenced by numerous dead tops, many missing branches, and
numercus cavities in the boles. No cottonwood reproduction {i.e., no seedlings or
saplings) was recorded for any of the sites sampled. Photographs of sites in the study area
are included as Appendix C.

Table 1 presents plot summaries for live and dead trees sampled along the Missouri
River. Figure 1 presents graphically live tree stand structure results reported in Table 1
where plot number increases with distance traveled down river. Live tree stand structure
was predominated by cottonwoods. On a basal area basis, percent contribution by
cottonwoods ranged between 89 and 100 percent. About three-quarters of these plots
would be considered overstocked according to basal area and trees per acre guidelines
presented in Mevers and Buchman (1984). Remaining plots were mostly fully stocked
with few plots that would be considered understocked. Though there is an evident
periodic trend in parameter data over distance down river, the lack of ancillary data
makes it difficult to interpret.

Table 2 summarizes live tree data by stocking class and Figure 2 presents diameter at
breast height (DBH) class distributions for each stocking class. Generally, average DBH
among stocking classes did not vary; however, there were expectedly increases in trees
per acre, basal area, and cubic volume as stocking class increased. The most apparent
distinguishing feature among these stocking classes was DBH class distribution. Fully
stocked plots are closest in exhibiting a “J”-shaped DBH class distribution. Highest
contribution was coming from trees 5 to 10 inches DBH and stocking levels generally
decrease through to the 35-inch and greater DBH class. Understocked plots were
predominated by mid-sized trees (15 to 20 inches DBH) and almost no trees 20 inches
and greater are represented. Overstocked plots differ from fully stocked plots by higher
numbers of trees 5 to 20 inches DBH, represented in greater proportion by shade tolerant
species such as green ash.
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(2) - Based on gross volume tables for plains cottonwoad in Edminster et al. (1977).
{3} - Includes standing dead trees (snags) and recent downed dead trees due to beaver kill.

Table 1. Plot Data Summaries, Riparian Cottonwood Study,
Missouri River, Fort Peck Reservation, Montana.
Live Trees Dead Trees (3)
Average | Tree per Basal Cubic | Average | Tree per Basai
Stocking Class DBH Acre Area Vol. (2) bBH Acre Area
Plot N ) (in} # (sgft/ac) | (cuft/ac) (in) # (sqft/ac)
01 Fully Stocked 14,2 60 104.8 3,431
02 QOverstocked 15.7 120 172.1 6,237
03 Qverstocked 18.6 70 144.6 6,070
04 Overstocked 12.4 100 163.6 7,759 26.0 10 36.9
05 Overstocked 15.5 110 148.4 5,282
Q6 Fully Stocked 13.3 80 88.1 3,002 18.0 10 17.7
. 07 Fully Stocked 18.3 60 117.2 4,916 17.0 20 325
" 08 Overstocked 293 30 143.4 6,007
09 Understocked 17.4 50 834 3,302 17.5 20 337
10 Qverstocked 17.1 90 146.5 5,496
11 Overstocked 12.0 160 140.8 4,621 7.0 10 2.7
12 Understocked 17.0 50 79.6 2,872
13 Understocked 11.2 a0 79.2 2,780 25.0 10 34.1
14 Overstocked 16.0 100 151.0 5,665 11.0 10 6.6
I 15 Overstocked 17.7 110 205.5 8,139 8.7 30 13.0
16 Overstocked 16.5 80 129.8 4,960 i
17 Overstocked 14.0 120 131.2 4,407 I
18 Qverstocked 12.6 160 153.0 5,140
19 Fully Stocked 1.7 100 89.8 3,061 7.0 30 8.3
20 Overstocked 14.7 a0 123.2 4631
21 Overstocked 11.0 210 154.3 4,415 7.4 100 313
“ 22 Overstocked 126 200 187.1 6,242
23 Overstocked 10.8 250 168.4 5,133
24 Overstocked 8.9 230 108.2 | 3,058 7.0 10 2.7
25 Overstocked 17.7 90 191.3 7,844
26 Qverstocked 16.8 90 153.9 6,048 ||
27 Overstocked 20.5 80 221.9 9,850
28 Fully Stocked 19.8 50 122.3 5,130
29 Overstocked 20.3 60 138.0 5,714
Iho Overstocked 18.9 70 ] 1388 5417
Notes: (1) - Based on trees per acre and basal area per acre as described in Myers and Buchman (1984).



Figure 1. Live Tree Stand Structure, Riparian Cottonwood Study, Missouri River, Fort Peck Reservation, Montana.
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Table 2. Live Tree Summary Statistics by Stocking Class, Riparian Cottonwood Study,
Missouri River, Fort Peck Reservation, Montana.

Stocking Class
Parameter Statistic Understocked Fully Stocked Overstocked  |All Plots
I_Numbe'r"'"of Pos | n 3 5 b7, 30 ﬂ
verage DBH min. 11.2 11.7 8.9 8.9
max 174 19.8 29.3 29.3
avg. 15.2 15.5 15.9 15.7
sd 35 35 44 4.1
rees per Acre min 50 50 30 30
max 90 100 250 250
avg. 63 70 119 105
sd 23 20 . 58 56
Basal Arca min 79.2 88.1 100.2 79.2
(sqft/ac) max 834 122.3 221.9 221.9
avg. 80.7 104.4 155.3 139.3
sd 2.3 15.5 27.0 36.3
Cubic Volume min 2780 3002 3059 2780 |
(cuft/ac) max 3302 5130 9850 9850
avg. 2985 3008 5824 5221
sd 379 1034 1491 1689




2a. Understocked

2b. Fully Stozked

Figure 2. Live Tree DBH Class Distribution by Stocking Class,
Riparian Cottonwood Study, Missouri River,
Fort Peck Reservation, Montana.
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Cottonwoods are relatively short-lived trees. The average live expectancy of a Great
Plains cottonwood is 125 years (Miles et al 1993, Hansen et al 1995, and Wilson 1970).
After about 125 years, green ash, box elder, and Russian olive replace cottonwoods if
cottonwood regeneration is not initiated by flooding and sediment deposition.

Hanson et al (1995) classified the plant communities sampled in this study as the Great
Plains cottonwood/western snowberry community type. Common understory shrubs and
trees in this community include green ash (Fraxinus penmsylvanica), silver buffaloberry
(Sheperdia argentea), chokecherry (Prunus virginiana), snowberry (Symphoricarpos
occidentalis), poison ivy (Toxicodendron rydbergii), and Wood’s rose (Rosa woodsir).
Several stands sampled had dense stands of the exotic small tree, Russian olive (Eleagnus
angustifolia) forming a secondary canopy from 25-30 feet in height, under taller
cottonwoods (mostly from 85 to 95 feet in height). Common herbaceous species include
smooth brome (Bromus inermis), Kentucky bluegrass (Poa pratensis), wildrye (Elymus
canadensis), wild licorice (Glycerrhiza lepidota), western needlegrass (Stipa
occidentalis), and western wheatgrass (Agropyron smithii).

Green ash and Russian olive are the only trees reproducing on the higher river terraces of
the study area. At some sites, green ash and Russian olive form a canopy layer under an
aging, decadent canopy of cottonwoods. Unlike cottonwoods, neither green ash nor
Russian olive requires periodic flooding to reproduce.

Where fire or beavers have killed cottonwoods, green ash and Russian olive increase in
density. These two species respond to fire or cutting by sprouting from root crowns or
stumps whereas older cottonwoods are usually killed and often do not sprout from roots
or severed trunks.

Beavers also show a marked preference for cottonwoods over green ash and Russian
olive. Lesica and Miles (2001), in studies on the Marias and Yellowstone rivers in
Montana found that beavers were far more likely to kill cottonwoods than Russian olive.
The preferential selection of beavers for cottonwoods over Russian olive increases the
rate of conversion of cottonwood communities to Russian olive communities.

Green ash is a native species common in riparian areas of eastern Montana. Ruyssian
olive is an exotic, invastve species that is rapidly spreading in many riparian plant
communities on the northern Great Plains. There is concern that Russian olive will
replace native riparian forests, resulting in a loss of biological diversity (Lesica and Miles
2001, Knopf and Olson 1984).

Large populations of beavers are having a substantial effect on cottonwood irees in the
study area. Many trees within 50 meters of the river have been gnawed or felled by
beavers. Beaver populations have increased throughout most of Montana because
trapping has declined due to low fur prices. Large beaver populations below the Fort
Peck Dam may also be due to the release of controlled flows from the Dam. With control
of large floods, beaver dens are at reduced risk of being flooded or removed by bank




erosion. Ice formation, which can also adversely affect beavers, has also been influenced
by discharge of relatively constant temperature water from the Fort Peck Dam.

DISCUSSION

Cottonwood woodlands on the higher terraces along the Missouri River are declining
because reproduction is not replacing trees that are dying or being killed by beavers and
fire. The average life span of a Great Plains cottonwood is about 125 years or less. Most
cottonwoods on floodplain terraces are older than 80 years. Within 20-50 years the
cottonwood woodlands that often extend a mile or more from the Missouri River will be
replaced by woodlands dominated by green ash, Russian olive, and shrubs such as choke
cherry, silver buffaloberry and silver sagebrush (drtemisia cana).

. Cottonwoods are not reproducing because overbank flooding of the higher stream
terraces along the Missouri River has been eliminated by containment of major floods by
the Fort Peck Dam. Also, the rate at which lateral channel migrations take place has been
greatly reduced due to operation of the Fort Peck Dam. Reduced rates of channel
migration reduce the potential for cottonwood regeneration on sandbars, islands and
stream banks. :

Another influence of the Fort Peck Dam on vegetation concerns downcutting
(degradation) of the channel downstream from the Dam. Sediment normally carried
suspended in the Missouri River settles out in the reservoir behind the dam. Water
discharged from the dam has very low suspended sediment loads; consequently, the river
tends to downcut the channel, thereby increasing the elevation of the floodplain terraces
above the river level. Increased height of the floodplain terraces above the channel
decreases soil moisture levels in terraces causing moisture stress in cottonwoods
especially during the late summer and fall when river levels are lowest.

Although cottonwood reproduction is not taking place on higher floodplain terraces,
cottonwoods are reproducing on recent sand bars, islands, and lower terraces that are
periodically inundated with current operation of the Fort Peck Dam. Numerous sand bars
and islands, within a few feet of the water surface during the low-flow period (i.¢.,
September) have dense stands of cottonwood seedlings. A few higher sites (5-7 feet
above the river level during the base-flow period), that are not flooded and scoured every
year by high flows, have developed stands of young cottonwood trees and saplings.

Cottonwood reproduction is occurring only along a very narrow zone where fluctuations
of river flows periodically inundate low floodplain terraces immediately adjacent to the
river or on instream sandbars and islands that are unstable and shift due to erosion and
deposition that accompany changing river flows. Although young seedlings and saplings
often form dense stands on ailuvial deposits close to the river, these young colonies of
cottonwood experience high levels of mortality from frequent flooding, erosion, and ice
scournng
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As the more extensive, mature and decadent cottonwood forests on the upper river
terraces gradually decline and are replaced by green ash and Russian olive, beavers, will
concentrate their foraging on the cottonwoods that are reproducing on lower terraces,
islands, and sand bars. Because cottonwood reproduction is taking place on only a
narrow zone along the river, these young cottonwoods will become extremely vulnerable
to beaver-caused mortality.

Areas on higher terraces, where beavers are now killing cottonwoods will be devoid of
cottonwoods in the future, forcing beaver populations to concentrate on a smaller food

supply. The result will likely be that beavers decimate cottonwood reproduction before
trees can reach maturity.

RECCOMMENDATIONS

The current study established that extensive cottonwood stands on river terraces are not
reproducing and will likely be largely gone in 20-50 years. Since it is not feasible or
desirable to allow the Missouri River to flow unimpeded by the Fort Peck Dam,
regenerating cottonwoods through flooding, scouring, and sediment deposition is not an
option. Artificial regeneration of cottonwoods could be initiated on sites where
maintaining cottonwood forests is desirable from an ecological, cultural, or spiritual
perspective.

Manipulation of diameter classes would provide limited improvement in the cottonwood
component. In overstocked stands, thinning of trees 20 inches and less could yield DBH
class distributions that approximate those in fully stocked stands. However, residual trees
in these would be either tolerant species, such as green ash, or cottonwoods that have
been suppressed and would therefore be unlikely to respond to thinning. Improvements
in the cottonwood component would likely only occur through artificial establishment of
cottonwoods as noted above.

Because beavers are having a substantial influence on cottenwood mortality and wiil
likely limit future cottonwood regeneration (which is occutring on a limited area),
reductions of beaver populations may be desirable. Alternatively, protecting cottonwood
stands with mesh or fencing could also reduce beaver damage.

Sites where cottonwoods are regenerating are limited to Jow terraces, sand bars, and low
islands. These arcas are limited in size and may be too unstable with regard to erosion
and deposition dynamics to support cottonwood communities until the communities
develop into mature stands. Mapping the spatial extent of areas where cottonwoods are
regenerating and monitoring changes of these sites would provide information on the
future probability that some cottonwood stands might reach maturity.

To accurately map areas of cottonwood regeneration, aerial photographs (scale 1: 24,000
or larger) taken in late summer, would be necessary. Interpretation of aerial photograpbs,
combined with on-the-ground reconnaissance, would be needed to delineate areas with

viable cottonwood stands. Comparison of aerial photography of the Reservation, taken in

13




1979, with new photography for the Reservation would aillow comparisons to be made
concerning changes in the spatial extent of various seral stages of riparian communities.
Rates of channel migration, sand bar and island formation, and losses of cottonwoods due
to fire and beavers could be determined by comparison of recent acrial photographs with
historic aerial photographs.

Meonitoring changes of cottonwood mortality, reproduction, and growth could be
conducted through establishment of continuous forest inventory (CFI) plots randomly
located in the forest. Tree measurements would be similar to that conducted for this -
study, but trees would be numbered and tracked through time. Parameter summaries
would also be similar to that conducted for this study and, additionally, the following
components of growth could be evaluated upon remeasurement: survivor growth,
mortality, ingrowth, and removal. Overall, these data would support trend analysis
explaining and predicting the change in cottonwood stand conditions over time.
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APPENDIX A

MAPS OF SAMPLE SITES
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Spp. Status DBH/ Total Crown | Age at Decay / | Spp. Status DBH/ Total Crown | Age at Deca
Code ‘Code DRC Height Class Diam, _|Soundness | Code Code DRC Height Class | Diam. |Soumndn
PofOBL | 38 3 R oTTEN
e | 2 KRG | 69 S5 1
FRAca) ) 7 i
Feared | 7 || =2
maeen | o R
FRarey | A 2
Fava) | o 2
FRamy | & 2
PopnEe] | 35 5
EFenfa) i {a of
FRAPe] | o A
Sapling Data (trees less than 5.0" DBH and greater than of equal to 1.0 DBH are sampled within a 1/300™ acre micro lot (6.8 ft. radius
‘| Spp. Status | DBH/ Total Crown | Ageat | Decay Spp. Status DBH/ Total Crown | Age at | Decay
Code Code DRC Height Class Diam. | Class Code Code DRC Height Class | Diam. Class
yd
/ /
v
Z
Seedling Data (trees less than 1.0°'DBH are sampled within a 1/300™ acre rnicroplot (6.8 fi. radius))
Average Average Seedling Average Average Seedling
Spp. Code Stalys Code | Height Age Count Spp. Code Status Code Age Count
FRA LA ) | 3 — ol

Rev. 8/25/01

Couwrahd © 2000 | ar Svadams |



Vegetation Data Collection Sheet Stand ID:‘ Crew; Date:
Cottonwood Stand Reconnaissance Stand Unit: 5 3=/D & g Jul 04
Fort Peck Indian Reservation, Montana Subplot:

Subplot Location: TEARACE (215 FSTT ABOIIE RjuEs

SMmoce  RHaToX SRl LINPER
EC(chan POAPLA PAR QU
Forest Type: PafPooT Soil Group: S AN LeAun Stand Structure: [ sT2 Ry
Percent Slope:  © Soii Texture: Crown Cover: &8 </
Aspect: Fa) Soil Erasion: Groun_d Cover: 85%
Physiography: - Litter Depth: Browsing Intensily: « ¢y
Tann Humus Depth: Other Disturbance: g=Aver

Tree Data (trees greater than or equal to 5.0 DBH are sampled within a 1/24" acre subplot {24.0 ft. radius))
Spp. Status DBH/ Total Crown | Ageat Decay / | Spp. Status DBH/ Total Crown Age at Decay
Code Code DRC Height Ciass Diam. [Soundness | Code Code DRC - Height Class | Diam. |Soundm
PoPoer [ | 13 | &9 2

H i /5] et z

4 ) 13 Tiunk 2

1 ] _l 31 Py 2

i | 14 JThRunx | 5

L L 12 Y s |2

il i s TRvwig | A

] ! 17 (| maucr z

1t - i 2 ) TAumeg <

1} l 19 U vy z

A ! L&) Teuwe| 1 7o

Sapling Data (trees less than 5.0 DBH and greater than

or equal to 1.0° DBH are sampled within a 17300 acre micro

fot (6.8 f. radius

Spp. Status pBH/ Total Crown | Age at | Decay Spp. Status DBH/ Total Crown | Age at | Decay
Cade Code ORC Height Class Diam. | Class Code Cade DRC Height | Class | Diam. | Class
-

Seedling Data (trees less than 1.0"DBH are sampled within a8 1/300" acre microplot (6.8 it. radius)) .

: Average Average Seediing Average Average Seedling
Spp. Code Status Code | Height Age Count Spp. Code Status Code | Height Age Count
A vep) I .57 — 2

Rev. 872551 Caoovricht © 200G L ary Svstems




Vegetation Data Collection Sheet Stand ID:' Crew: Date:
Cottonwood Stand Reconnaissance Stand Unit.  /, I5(DA Finto
Foit Peck Indian Reservation, Montana Subplot:
Subplot Location: TearAcs AwmBALN Bav 1bs SARTuAL S\TE
Sy moc CytsTd : PAMTC SLAdS o)
Py R¥tu 1o % SETUBRLIND
B0 PR-TO R
Forest Type: PoPpee. s F2A Fopd Soil Group: Stand Structure: A~ sTo RY
Percent Slope: © Soil Texture: Crown Cover: .,
Aspect: o Soil Erosion: Ground Cover: 2
Physiography: TeaRace (iv' ) Litter Depth: Browsing Intensily: Nows=
Humus Degth: Other Disturbance:
Tree Data (trees greater than or equal to 5.0° DBH are sampled within a /24" acre subplot (24.0 ft. radius}))
Spp. Status DBH / Total Crown | Ageat § Decay / | Spp. Status DBH/ Total Crown | Age at Decay
Code Code DRC Height Class Diam. {Soundness | Code Code BRC Height Class Diam. | Soundne
Tapper] | 2 | 58 \ 79 ‘
Parpe: | 16 b 2. — | Reviend
PoPpget | 12, | —
Pofrer | | 18 | —
srapa) b 51 25 A | gD
Petpe o g | 15 s | — | roveed
Porpzd 1 19 3 -
0P DELY | \ 7 2 —
PoPo | [Ko) _
Sapling Data (trees iess than 5.0 DBH and greater than or equal to 1.0* DBH are sampled within a 17300 acre micro fot (6.8 ft radius)
Spp. Status DBH s Total Crown | Ageat | Decay Spp. Status DBH/ Tolal Crown | Ageat | Decay
Code Code DRC Height Class Diam. | Class Code Code DRC Height | Class | Diam. | Class
Fraced | I 10 J pone
mad | 8" |
FAAP { | 1z’ {
Seedling Data (trees less than 1.0°DBH are sampled within & 1/300" acre microplot (6.8 ft. radius)}
: Avgrage Average Seedling Average Average Seedling
Spp-. Code Status Code Height Age Count Spp. Code Status Code | Height Age Count
[
et
A7
—re
Rev. 8/25/0%

Copyright © 2000 Larix 5 ¥




Vegetation Data Collection Sheet Stand ID: : Crew: Date:
Cottonwood Stand Reconnaissance Stand Unit: - /
Fort Peck Indian Reservation, Montana , Subplot: 7 IE/D & 4/ o
Subplot Location: TsnnAcr so—r 5 ARBows RIuvFA_
S haoce Eee AN Ll-;shw{_Q,\'rq,_)
OSera g _
SHeAr,. - KT
Forest Type: FoF 0S5« Soil Group: % | Stand Structure: 1 —gToy¢
Percent Slepe: <& Soil Texture:; Crown Cover:  s»
Aspect: & Soil Erosion; Ground Cover. 4o =
Physiography: TEE R A Litter Depth: Browsing Intensity: Momd&
' Humus Depih: Other Disturbance: VS

Tree Data (lrees greater than or equal to 5.0" DBH are sampled within a 1/24™ acre subpiot (24.0 f. radius)) .
Spp. Status DBH/ Total Crown | Age at Decay / | Spp. Status DBH/ Total Crown | Age at Deca
Code Code DRC Height Class Diam. |Soundness | Code Code ORC Height Class | Diam. Squndr
Poe pre L o) a9 2 ROTTEr

1] ; 1 l.f

i | 17 A

i I i1 2

o P 141 /2 5

1! 7 2R o

" 2 *0 35 <

i } 22 =2

Sapling Data (trees less than 5.0 DBH and greater than or equal to 1.9" DBH are sampled within a 1/300™ acre microplot (6.8 t. radius

Spp. Status DBH/ Total Crown | Age at | Decay Spp. Status DBH / Totaj Crown | Ageat | Decay
Code Code DRC Height Class Diam, Class Code Code DRC Height Class Diam, Class
Pad

/

Seedling Data (trees less than 1.0°DBH are sampled within a 1/300 a;:re micropiot (6.8 f. radius))

Average Average Seedling Average Average Seedling
Spp. Code Status Code | Height ' Ag_e Count Spp. Cade Status Code { Height Age Count
=

-~

/

i

Rev. 85/0%

Coowriaht 8 7000 | a1 Suctame b




Végetation Data Collection Sheet Stand I1D: Crew: Date: -
Cottonwood Stand Reconnaissance Stand Unit: JE/ S/l
Fort Peck Indian Reservation, Montana Subplot: 2 05 fuf's 1
Subplot Location: Tentdcs (1—15"
DY MLoe 0% (S0 Lok M)
Rive ¥ SHEAR f— MO PieTO
Forest Type: Pov? DEC [ FeArer Soil Group: Stand Structure: 2. oTary
Percent Slope: O Soil Texture: Crown Cover: 5
Aspect: O Soil Erosion: Ground Cover. - 5~
Physiography: Litter Depth; Browsing Intensity: ) ous
Humus Depth: Other Disturbance:
Tree Data {trees greater than or equal t0 5.0" DBH are sampled within a 1/24" acre subplot {24.0 ft. radius))
Spp. Status DBH/ Teotal Crown | Ageat Decay / | Spp. Status DBH7 Total Crown | Age at Deca
Code Code DRC Height Class Diam. |Soundness | Code Code DRC Height Class | Diam. {Soundr
porpEy Y > 6 2 | (I n 1 g
Paoper] | 2 2. M
voepe i 3 i 3 u
Eraren I S | o5 | )
FRM pEn i 8. 23571 ) Got| Rattgd
Fraopd | 5 2
Fraper ¢ 7z | 25 1
Feacert! | 5 zo \
frageed] | 5 172z 1
peared | b | 2o \
Sapling Data (trees less than 5.0 DBH and greater than of equal to 1.0” DBH are sampied within a /300" acre microplot (6.8 ft. radius
Sop. Status DBH/ Tot‘al Crown | Ageat | Decay Spp. Status DBH/ Tolal Crown | Ageat | Decay
Code Code DRC Height | Class Diam. | Class Code Code ORC Height Class | Diam, | Class
I//
Seedling Data (trees less than 1.0"DBH are sampled within a 1!300 acre microplot (6.8 f#t. radius))
Average Average Seedling A A Seedli
Spp. Code Status Code | Height Age Caount Spp. Code Slatus Code Hif;ﬂge A;:mge Ceoznlmg
|~
/ <
=
Rev. 8225001

Frvaminht B 2300 T arv Gualanes



Vegetation Data Collection Sheet Stand 1D: a Crew:; Date:
Cottonwood Stand Reconnaissance Stand Unit: - ¢/i s
Fort Peck Indian Reservation, Montana Subplot: S& DB 4 (
Subplot Location: TEAAACE |25’ ARVE RyuFr
B D& CLCrLE Pauy IR
BYMOCL  SHE A~ ELHCAN.
Forest Type: Por pEc Soil Group: Stand Structure: 1~ s79 Ry
Percent Slope: ¢ Soil Texture: Crown Cover:  5q +,
Aspect: Soil Erosion: Ground Cover: ¢4 %/,
Physiography: Litter Depih: Browsing Intensity: [ w0
Humus Depth: Other Disturbance:
Tree Data (trees greater than or equal to 5.0" DBH are sampled within a 1/24™ acre subpiot (24.0 ft. radius))
Spp. Status BBH/ Tolai Crown | Ageat Decay / Status DBH / Total Crown | Age at Deca
Code Code DORC Height Class Diam. _ |Soundness Code' Code DRC Height Class | Diam. |Soundn
orPpsL 1 1 4 Go L Keorte)
pelysel 1 s o
tppzd | 18 2
oPpE | 18 2
epps A 19 L0 S
riep 2 16l 55 ST
ne i | & -
Sapling Data (trees less than 5.0° DBH and greater than or equal to 1.0" DBH are sampled within a 1/300" acre micropiot (6.8 1t radius)
Spp. Status DBH/ Total Crown | Age at Decay Spp. Status DBH/ Tatal Crown | Age at Decay
Code Code DRC Height Class Diam. | Class Code Code DRC Meight Class | Diam. | Class
Avad | i e | 3
FAALT 4 ey | i
Seedling Data (trees less than 1.0°DBH are sampled within a 1/300™ acre microplct (6.8 ft. radius))
. Avgrage Average Seedling Average Average Seedling
Spp. Code Stalus Code | Height Age Count Spp. Code Status Code | Height Age Count
[
e “
P
Rev. 872501

Conufiaht @& AR T ary Srmie T



Vegetation Data Collection Sheet Stand ID: Crew: Date:
Cotlonwood Stand Reconnaissance Stand Unit:
Fort Peck Indian Reservation, Montana subplo: /2 JE/DRB 7 /s,
Subplot Lacation: TERRACE AmevE K us—
SAME A= R4
Forest Type: pPor Do Soll Group: Stand Structure; 1 — T2 &Y
Percent Slope: o© Soil Texture: Crown Cover; 30 %
Aspect: ‘ Soil Erosien: Ground Cover: 50 Y
Physiography: Litter Depth: Browsing Intensity: L ec )
Humus Depth: Other Disturbance:
Tree Data (trees greater than or equal to 5.0° DBH are sampled within a 1/24" acre subplot (24.0 ft. radius))
Spp. Status DBH/ Total Crown | Age at Decay / | Spp. Status DBH/ Total Crown | Age at Deca’
Code Code DRC Height Class Diam. |Soundness | Code Code PRC Height Class Diam. [Soundn
oPoee 1 ) 22 | &
Poppsll 1 12 L "'T‘;”- 2
Poeos,| | iz P T o
posd |\ & 2
POEL. b tb 2
PPEL 19 2
e Dl 19 2
Ppost | 14 2
PREL 1 H 2.
Sapling Data (trees less than 5.9" DBH and greater than or equal to 1.0" DBH are sampled within a /300" acre microplot (6.8 ft radius
Spp. Stalus DBH/ Total Crown | Ageat | Decay Spp. Status DBH / Total Crown | Age at | Decay
Code Code DRC Height Class Diam, Class Code Code DRC Height Class | Diam. | Class
/ //
Seedling Data (iress less than 1.0°'DBH are sampled within 2 1/300" acre micropiat (6.8 ft. radius))
- Average Average Seedlin A A Seedli
Spp. Code Status Code | Helght Age Count 9 Spp. Code Status Code H;P;:tge A;:rage szntmg
Fam orepd ) 5 )
Rev. 825101

Cosyright © 2000 Latix Svstems.



Vegetation Data Collection Sheet

Stand 1D Crew: 5 Date:
Cottonwcod Stand Reconnaissance Stand Unit: - 111/
Font Peck Indian Reservation, Montana Subplot: H JEr DR /
Subpiot Location: .
TN EWAcE AasuS IvEil Cfi.‘-—c‘af) ,() 0 pf/‘{)‘f’p
Forest Type: P& Soil Group: Stand Structure: \ - T2 RY
Percent Sicpe: © Soil Texture; Crown Cover: zo
Aspect: ) Soil Erosion: Ground Cover: &7
Physicgraphy: Litter Depth: Browsing Intensity: toul
Humus Depth: Other Disturbance:
Tree Data (trees greater than or.equal to 5.0°' DBH are sampled within a 1/24" acre subplot (24.0 &t. radius))
Spp. Status DBH / Total Crown | Age at Decay / | Spp. Status DBH/ Total Crown | Age at Deca:
Code Code DRC Height Class Diam. [Soundness | Code Code DRC Height Class Diam. |Soundn
forPo | | e a. Al O
PoPReL| | [ 2
poepEL | | 9 ;
PeDEL] 4 ¢35 1
2P o {9 |
Poepec] | 4 ]
Frared | | s 1 42 |
Poroge. || v ‘;‘;‘::K \
plrpee. | | 13 J !
Poepee | iz ]
epzl | I |
PN | b A~
Prepec] ) i) 1
BPDEL | {2 pAALT {
op pec| | 7| TR
[raced] | 5 ]
Poonl o 2 L2
Sapling Data (trees Jess than 5.0" DBH and greater than or equal to £.0" DBH are sampled within a 1/300" acre micropiot (6.8 ft. radius)
Spp. Status DBH / Total ‘Crown | Ageat | Decay Spp. Stalus DBH/ Total Crown | Ageat | Decay
Code Code ORC Height Class Diam. [ Class Code Code DRC Height Class | Diam. | Class
4 /
/ <
/ //
Seedling Data (trees less than 1.0°'DBH are sampled within a 1/300™ acre microplot (6.8 ft. radius)) -
. Averagay Average Seedling Average Average Seadling
Spp. Code Status Code | Height Age Count Spp. Code Status Code | Height Age Count
Reyv, 8/25:01

Carurinht £ OARR T rig Crade s 1o



Stand ID:

Vegetation Data Collection Sheet Crew: Date:
Cottonwood Stand Reconnaissance Stand Unit:
Fort Peck Indian Reservation, Montana Subplot: /7. Q&I DB 9/ /Z/o
- Subplot Location: —Frtrthc ‘
s b cC SN CAN REUTo X
SNwaOC ¢ S Host G~
- Forest Type: Pro D& Soil Group: Stand Structure: |- sTo PAYY
Percent Slope: o Soil Texture: Crown Cover: 4510,
Aspecl: h) Soil Erosion: Ground Cover: 4,14,
- Physiography: Litter Depth: Browsing Intensity: Lo J
Humus Depth: Cther Disturbance:
Tree Data {trees greater than or equal to 5.0" DBH are sampled within a 1/24" acre subplot (24.0 f. radius))
Spp. Status DBH / Total Crown | Age al Decay / Status DBH/ Total Crown | Age at Cecar
- Code Code DRC Helght Class Diam. |Saundness. | Code Code DRC Height Class | Diam. {Soundn
Popsd ) 18 2 RoTigw
Prpnee] | 17 gt | e
- porpeny | 2§ Mg 5
o2 | Ik =
- Pofna | | 14 | 722 P
- g
o
2
61%
Sapiing Data (trees less than 5.0" DBH and greater than or equal to 1.0° DBH are sampled within a 1/300™ acre micropiot (6.8 ft. radius)
Spp. Status DBH ¢/ Total Crown | Age at | Decay Status DBH/ Total Crown | Ageat | Decay
— Code Code DRC Height Class Diam. | Class Code DRC Height Class | Diam. | Class
P
7
Seedling Data (trees less than 1.0°DBH are sampled within a 1/300™ acre micrdplot {6.8 R. radius))
- . Avgrage Average Seedling Average Average Seedling
Spp. Cede Status Code | Height ? Count Spp. Code Status Code | Height Age Count
— P
e
Rev, 872501 :

Cobwicht 87000 | asiv Suctame in



Vegetation Data Collection Sheet Stand ID: Crew: Date:
Cottonwood Stand Reconnaissance Stand Unit: — T
Fort Peck Indian Reservation, Montana Subplot: |2 SEN S 7/12/ 9

Subplot Location: TorRAce

SYMOLL AMG ALM ELy Cﬂ-ﬁ-j
RHuTa ¥ Pruie
Forest Type: 200 D Soil Group: Stand Structure: 2~ 3Tovey
Percent Slope: o Soil Texture: _ Crown Cover: o 9
Aspect: 0 Soil Erosion: Ground Cover: ¢» A
Physiography: Litter Depth: Browsing Intensity: ...
Humus Depth: Other Disturbance:
Tree Data (trees greater than or equal to 5.0' DBH are sampled within a /24" acre subplot (24,0 &, radius))
Spp. Status DBH / Tatal Crown | Ageat Decay / | Spp. Status DBH / Tolal Crown | Age at Decay
Code Code DRC Height Class Oiam, [Soundness | Code Code DRC Height Chlass | Diam. |Soundne
PoPpse}l D | g | 32 | 5
FRArC ] 7 2l 2
ren o) ] 5 RS =<
PpPDEE, 1 1 & L =2
Poepet| ) 2.3 2
POCL l 5 ¢+
Polptr| | A 2.
KAPC ] 5 <
forDeL ! 12 2
Peoze) | Y 2
PoFei / 43 | 86 3
Saplin Data {trees less than 5.0° DBH and greater than or equal to 1.0° DBH are sampled within a 1/300™ acre microplot (6.8 ft. radius)
Spp. Status DBH / Total Crown | Ageat Decay Spp. Status DBH/ Total Crown | Ageat | Decay
Code Code DRC Height Class Diam. ! Class Code Code DRC Height Class | Diam. Class
fer ezl 2 Ly
Seedling Data (trees less than 1.0°DBH are sampled within a 1/300™ acre microplot (6.8 ft. radius))
: Average Average Seedling Average Average Seediing
Spp. Code Status Code | Height Age Count Spp. Code Slatus Code | Height Age Count
Fru rep | 2 _— \
Rev. &/25M

Copyright 82000 Larix Svstems Tre



Vegetation Data Collection Sheet Stand [D: Crew: Date:
Cettonwood Stand Reconnaissance Stand Unit: '
Fort Peck Indian Reservation, Montana Subplot; Y /DB A0

Subplot Location: {esraco
ELLEFR e
FRaTa PoA LRI
Forest Type: [Pop Dee_ Soil Group: Stand Structure: | s Towy
Percent Slope: Soil Texture: Crown Cover. ¢ ¢
Aspect: Sail Erosion: Ground Cover. - ¢
Physiography; Litter Depth: Browsing Intensity: g0
Humus Depth: Other Disturbance:

Tree Data (trees greater than or equalte 5.0" DBH are sampled within a 1/24" acre subplot (24.0 f. radius))

Spp. Status DBH/ Total Ageat | Decay / Status DBH/ Total Crown | Age at Decay
Code Code DRC Height Diam. {Soundness | Cade Code ORC Height Class | Diam. |Soundm
FolpaL] A\ 47 2 Rare/

b0 DTy \ o 3

Y@ oz 1 i )

Phe ol | Ll P}

poenze| i (8 |78 | a

P ! 14 =

PrpoEL ] [ & a
poppse | ) 2n s
Pfrbed o2 1l 17 5

Poppee] 1 o2 | =

poz| | 21

Sapling Data (trees less than 5.0" DBH and greater than

or equai to 1.0" DBH are sampled within a 17300 acre microplet (6.8 ft. radius

Spp. Status D8H / Tolal . Crown Decay Status DBH / Total Crown | Age at | Decay
Code Code DRC Height Class Class Code DRC Height Class | Diam. Class
=
4
Seedling Data (trees less than 1.0"DBH are sampled within a 1/300™ acre microplot (6.8 ft. radius))
: Average Average Seedling Average Average Seedfing

Spp. Code Status Code | Height Age Caunt Spp. Code Stalus Code | Height Age 9 Count s
feared | | 1 |

Rev. 82501

Fammabhl MANAND ariv Crota—s ¢




Movements and Habitat Preferences of Adult
Post Spawn Pallid Sturgeon

2002 Progress Report

March 17, 2003

Wade L. King
Project Biologist

And

Ryan 1. Wilson
Project Technician

11.8. Fish and Wildlife Scrvice
Missour River FWMAQ
Bizmarck, North Dakota
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Humus Depth:

Other Disturbance:

Vegetation Data Collection Sheet Stand ID: — | Crew: Date:
Cottonwood Stand Reconnaissance Stand Unit: . 9/,
Foit Peck indian Reservation, Montana Subplot: /3 EID L {0 2/0
Subplot Location: TEraAcE (0! ABiuE RIVeYL

Forest Type: FPY9PDEC "Soil Group: Stand Structure: | ST
Percent Slope; © Soil Texture; Crown Cover: &.o

Aspect: Soil Erosion: Ground Cover: <o
Physiagraphy: Litter Depth: Browsing Intensity: \i8avy

Tree Data (trees greater than or equalto 5.0" DBH are sampled within a 1/24" acre subplot {24.0 &, radius))

Spp. Stalus DBH/ Total Crown | Ageat Decay / Status DBH/ Total Crown | Ageat Decay
Code Code DRC Height | Class Diam. iSoundness | Ceode Code DRC Height | Class { Diam. |Soundni
Proper | | o =2,
Puros i 20 o
PoPp7 ] i4 T
Pl g 9 (55
deL S 1 %0 S
Poppe] 8 2
Ereoee]| 1A 15 =
Cop sz, { L3 et
Forpse| A 5
§d 32 l 1é {
Poppez.| | 21 i
(272 =Td | 29 | R7 | 2
Pap1ez 1 az l
PPoge| ) s {

Sapling Data (trees less than 5.0 DBH and greater than

or equal to 1.0" DBH are sampled wilhin a 1/300" acre micro

lot (6.8 ft. radius)

Spp. Status CBH/ Total Crown | Ageat | Decay Stalus | DBH/ Total Crown | Ageat | Decay
Code Code DRC Height | Class Diam, | Class Code DRC Height Class | Diam. | Class
//
Seedling Data (trees less than 1.0"DBH are sampled within a 1/300™ acre micropiot (6.8 . radius))
. Avgrage Average Seedling Average Average Seedling
Spp. Code Status Code | Height Age Count Spp. Code Stalus Code | Height Age Count
/ }/

Rev, B25/01

Copyriaht © 2000 Larix Systams Ine




Vegetation Data Collection Sheet
Cottonwood Stand Reconnaissance
Fort Peck Indian Reservation, Montana

Stand ID; \ j"- Crew: Date:
Stand Unit;
Subplot: 16 JE DB 7/ezro)

Subplot Location: TEMAACT

Forest Type: Po? D& )Fan P Sail Group: Stand Structure: .- s
Percent Slope; Soil Texture: Crown Cover: 59

Aspect: Soil Erosion: Ground Cover: 5o
Physiography: Litter Depth: Browsing Intensity: ;2 o

Humus Depth: Other Disturbance;

Tree Data (trees greater than or equai to 5.0° DBH are sampled within a 1/24" acre subplot (24.0 f. radius))

‘Spp. Status DBH 7 Total Crown | Ageat Decay / | Spp. Status DBH/ Total Crown | Age at Decay
Code Code DRC Height Class | Diam. [Soundness | Code Code DRC Height | Class | Diam. |Soundr
BPOEL i 18 I

2oz, L 16 &

0P D& \ L5 o~

popose]| | & Bz | 2

PoppEL | 21 2
Por0g. i 15 3
Poepsel | 20 s
ErAPSM ! S 35 1

Sapling Data (trees less than 5.0° DBH and | greater than or equal to 1.0* DBH are sampled within a /300" acre micro lot (6.8 ft. radius)
Spp. Status DBH/ Total GCrown | Ageat [ Decay Spp. Status DBH/ Total Crown | Ageat | Decay
Code Code DRC - Height Class Diam. | Class Code Code DRG Height Class | Diam. Class

P
i -
Z .
Seedling Data (rees less than 1.0°'DBH are sampled within a 1/300" acre microplot {6.8 ft. radius))
- Average Average Seedling A A i

Spp. Code Status Code | Height Age Count Spp. Code Stalus Code H:?gr:tge A;zrage gzﬁg{m
Féarcp] | ! [V

Rev. 8725101
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Vegetation Data Collection Sheet
Cottonwood Stand Reconnaissance

Stand ID;

Stand Unit: | 7

Crew; Date:

TE/pR [Tz

Fort Peck Indian Reservation, Montana Subpiot:
Subplot Location: T & aAe o s ied
{)Y ¥ h(_ [ 12 y ;
EC( cogd RN PAR Ou
RAuT? Y PoAPRA SieAR
Forest Type: Pépr st Sail Group: Stand Structure: | sT2 €Y
Percent Slope:: o Soil Texture: 9;; » Crown Cover: ~5
Aspect: O Soll Erosion: sl Ground Cover; Y/
Physicgraphy:; Litter Depth: Browsing Intensity: .0/
Humus Depth: Other Disturbance:

Tree Data (trees greater than or equalio 5.0” DBH are sampled within a 1/24™ acre subpiot (24.0 &, radius))
Spp. Status DBH/ Total Crown | Ageat Decay / | Spp. Status DBH/ Tota! Crown | Age at Decay
Code Code . BRC — Height Class Diam. [Soundness | Code Code DRC Height | Class | Oiam. |Seundne
Poppee | ‘] ve- 2 R oTrEy

n ! 12, > wialTl

! i M| Ty 3

" l (5 - -

tl { =1 pr 8

I : (<7 2

t ! 13 =

1?2 | 10 =

1 I [ L

il i 14 C vttt {

T i 5 ) T )

t J 1B | 25| = TIEN

Sapling Data {trees less than 5.0" DBH and areater than or equal ta 1.0° DBH are sampled within a 1/3060" acre micropiot (6.8 ft. radius)

Spp. Status DBH/ - ToI.aI Crown | Ageat | Decay Spp. Status DBH/ Total Crown | Ageal | Decay
Code Code DRC Height Class Diam. | Class Code Code DRC Helght Class | Diam. | Class

i

/ .

Seedling Data (trees less than 1.0°0BH are sampled within a 1/300

acre microplot (6.8 R, radius)}

- Av&_arage Average Seedling Average Average Seedling
Spp.Code | Statys Code Height Age Count Spp. Code Status Code _Height Age Count
FAACEM | 3 2
Rev. BSGT

Coovriahk © 2500 Lars Seatrre s



Vegetation Data Collection Sheet Stand ID: Crew: Date:
Cottonwood Stand Reconnaissance Stand Unit: /..
Fort Peck Indian Reservation, Montana Subplot: ] 5 SE/D % 6/ 12/ o /
Subplot Location: T =er4c =
&
ereanl-20%
Forest Type: PoPDE / ELEAR G | Sait Group: Stand Structure: 3 - STORy
Percent Slope: © Soil Texture: Crown Cover: —o
Aspect: o Soil Erosion: Ground Cover: =&
Physiography: Litter Depth: Browsing Intensity: . 0cJ
Humus Depth: Other Disturbance;
Tree Data (trees greater than or equal to 5.0° DBH are sampled within a 1/24™ acre subplot (24.0 R. radius))
Spp. Status DBH / Total Crown | Ageat Decay / | Spp. Status DBH/ Total Crown | Age at Decay .
Code Gode ORC Height Class | Diam. Soundness | Code Code DRC Height | Class | Diam. |Soundnes
Poloz| | 15 2 | gsT. | (Lot
Ppee.| | 15 z
2 X5 I s +f
P Poee| ! 13 A
pocper] X =2
ELEA | S |26 1
e | S lad | g
rorper| | (& \ _
Eceasd 1\ Z 27 | 35~
pY \ 12| 86 2.
opp it 4 L (o X
Pep2t | e =2
Porped | 13 =2
Polpee| | {5 2
120 PO { 13 2-
0P { {5 =2,

Sapling Data (trees less than 5.0° DBH and greater than or equal to 1.0° DBH are sampled within a 1/3060" acre micropiot {6.8 ft Eadius)}

Spp. Status DBH /7 Tot_al Crown | Age at | Decay Spp. Status DBH/ Total Crown | Age at | Decay
Code Code DRC Height Class Diam. Class Code Code DRC Height Class | Diam. Class
EreAdl | Y Z3 1

Seedling Data (irees less than 1.0’DBH are sampled within a 1/300™ acre microplot {6.8 ft. radius))

Average Average Seedling Average Average Seedling
Spp. Cede Status Code | Height Age Count Spp. Code Status Code | Height Age Count
ELEAM & i 12 vd
Rev. B/7501

Ciararinh? @ 200 a6x Qixtare Ine




Vegetation Data Collection Sheet Stand ID; Cre\vQ Date:
Cottonwoed Stand Reconnaissance Stand Unit: . 5:
Fort Peck Indian Reservation, Montana Subplot: 17 JED S & /0]
Subplot Location:
R T2 X
Pos @t
Forest Type: (P DS< /&.€ANS~ | Soil Group: Stand Struclure: & STI7RY
Percent Slope: O Soll Texture: Crown Cover: 85
Aspect: , Soli Erosion: Ground Cover: Zz.O
Physiography: Litter Depth: Browsing Intensity: _owJ
Humus Depth: Other Disturbance:
Tree Data (trees greater than or equal to 5.0" DBH are sampled within a 1/24" acre subplot {24.0 &. radius))
Spp. Slatus DBH / Total Crown | Age at Decay / Status DBH/ Total Crown | Age at Decay
Code Code DRC Height Class Diam. i{Soundness | Code Code DRC Height Class Diam. _{Soundne
S A | S i {o i -
CLeamgt 5 b} z= e
ElEAT 2. ) 17 Z
GEeayl | /) 14 !
Poepeed | | as | 2
ELEANG 7 L6 1 =
Coepac) | =Y o
Forvee) | 15 =
Poe s 1 1N 2
Peopced L 13
v &=, ¢ ) S <
PoPoee| 2 5 &0 | 3
o0 l 1

Sapling Data (trees less than 5.0 DBH and greater than

or equal to 1.0° DBH are sampled within a /300 acre micro

lot (6.8 ft. radius)

Coovriaht © 2000

Spp. Status GBH/ Total Crown | Age at | Decay Status DBH/ Total Crown | Ageat | Decay
Cod Cade DRC Height Class Diam. | Class Code Code DRC Height | Class | Diam, | Class
S€as | Z- 16 |
st | 3 270
| CLEA | 3 L3
EREA- | &
EEAY. | 3 .
[ Seedling Data (trees less than 1.0°DBH are sampled within a 1/300" acre microplot (6.6 fi. radius})}
. Average Average Seedling Average Average Seedlin
Spp. Code Status Code | Height Age Count Spp. Code Status Code | Height Age Count 0
/ <
Rev. 8/25/0%
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Vegetation Data Collection Sheet Stand ID: Crew: Date:
Cottonwood Stand Reconnaissance Stand Unit: .
For Peck Indian Reservation, Montana Subplot: a0 I/ 44 7,/,”3/4/

Subplot Lacation: Tz, =

Py
DEDIE SHAWS CAMOIP _ SACAWI & | SRUUIC (Lodw Frest
Abw TOY Z¢ e A e LED

Forest Type: PéPDec/ Soil Group: Stand Structure: |~ 5Tsy
Percent Slope: & Soil Texture: Crown Cover: <o
Aspect; Soil Erosion: Ground Cover, 44
Physiography: Litter Qepth: Browsing Intensitly: ¢« o)
. Humus Depth: Other Disturbance:
Tree Data (trees greater than or equal to 5.0° DBH are sampled within a 1/24" acre subplot {24.0 it. radius))
Spp. Slatus DBH 7 Total Crown | Ageat | Decay 7/ | Spp. Status. DBH/ Total Crown | Age at Decay 7
Cade Code DRC Height Class Diam. |Soundness | Code Code DRC Height Class Diam. [Soundnes:
FoPREL ! Y — i
PP DI ! 5 3o L
PDE l a2y 85 2
peprDELl | 15 ]
PTE { ts - 2
PO | 1A - 2
LA i 5 /8 ¥
i |Preogt | i2 — 2
Y DT, | 2] - i
Sapling Data (trees less than 5.0" DBH and greater than or equal fo 1.0° DBH are sampled within a 1/300™ acre micropiot (6.8 Rt radius))
Spp. Status DBH / Total Crown | Ageat | Decay Spp. Stalus DBH/ Total Crown | Ageat | Decay
Code Code DRC Height Class Diam. | Class Code Code DRC Height Class | Diam. Class
SACAM | ] i 15 3
Seedling Data (trees less than 1.0°"DBH are sampled within a 1/300™ acre microplot (6.8 ft. radius)y
- Average Average Seedling A A Seedli
Spp. Code Status Code | Height Age Count Spp. Code Status Code H:ie;:? ° A;:;age G:!:Entlng
/ g
d
Rev, 82501 . /

Copytight © 2000 Larix Systems, inc.



Vegetation Data Collection Sheet Stand ID: Crew: Date:
Cottonwood Stand Reconnaissance Stand Unit; ;-
Fort Peck Indian Reservation, Montana Subplot; Gl Q“g/ 03 7 / 3/ 274
Subpiot Lecation: Tgaliacs 5207 ABdus YOIVEL

NOBEBTERYy o T duNG STAND o m LIV EAL

UN DB Y — CC& AN (- Yau A E
Forest Type: Po b U=c Soil Group: Stand Struclure: @ 3TORY
Percent Slope: Soil Texture: Crawn Cover; 570
Aspecl: Soil Erosion: Ground Cover; %2 _
Physiography: Litter Depth: Browsing Intensity: tow /alo~S
Humus Depth: Qther Disturbance:

Tree Data (trees greater than or equal to 5.0' DBH are sampled within a /24" acre subplot (24.0 . radius))

Spp. Status DBH ¢ Total Crown | Ageat | Decay / | Spp. Status DBH/ Total Crown | Ageat Decay .
Code Code BRC Height Class Diam. |Soundness | Code Code DRC Height | Class | Diam, |Scundnes
Porp| . | FA® Jhe, popia] | (7 : {
Pepped | 1< > Pofosc] 2s_ | 79 1
| cteAns] | HoloRa ] Preose | | L
porozd | 2 i Poepee| = Co —1 BEquE T
2= 1] i o] 2 2 —t+ BBV ¢ T
PatoEe] 1 -7 1 Poenst) 1V 10 1
Po ¢ D& l RS 1 Pwpsd | /2. &+
Prepse I 2 2 P b P | b 1
Poppgd ) 12 1 | 42 Posps L 12z '
porpsL) 2 g8 — | — |{ o¥aver [mepx [ 1) |
1PeMpE] 2 - —_ i \j cur Poeuse 2. g — AEAuGd caTT
Crcmior | iz, 24 ! /o
Eaml] 5 7.z {
Popdge| Z 7 1 _patus. .
Poridsd T G kY Cut
porne] | ¢
0P i |2
Pospee] 1} 3
Peopoe| i 2 — BEAvcr
Puop 1 IR . - CaT .
Sapling Data (trees less than 5.0" DBH and greater than or equal to 1.0° DBH are sampled within a /300" acre microplot (6.8 ft. radius))
Spp. Status DBH/ Total Crown | Age at [ Decay Spp. Status DBH/. Total Crown | Ageat | Decay
Code Code DRC Height | Class | Diam. | Class Caode Cede DRC Height | Class | Diam. | Class
| ECEan | t 1] }
Ebnds] | ) 8 i
Seedling Data (trees less than 1.0"DBH are sampled within a 1/300" acre micropict (6.8 ft. radius))
. Average Average Seedling Average Average Seedling
Spp. Code Status Code | Height Age Count Spp. Code Status Code | Height Age Count
=ienut| | pol — |
Rev, 572507

Coowight © 2000 Lanix Svstems. kx
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Vegetation Data Collection Sheet Stand ID: Crew: Date;
Cottonwood Stand Reconnaissance Stand Unit: &/ 02 1370
Fort Peck Indian Reservation, Montana Subplot;
Subplot Location: T gndt4ce
CLE AL -
Frrrepd
Forest Type: 8¢ D&C Soil Group: Stand Structure: ; g7o R\
Percent Slope: ¢ Soil Texture: Crown Cover: . o
Aspect: O Soil Erosion: Ground Cover: 735
Physiography: Litter Depth: Browsing Intensity: L 0)
Humus Depth: Other Disturbance:
Tree Data (trees greater than or equal to 5.0° DBH are sampled within a 1/24° acre subplot (24.0C ft. radius)}
Spp. Status CBH/ Total | Crown | Age at Decay / Status DBH/ Total Crown | Age at Decay
Code Code CRC | Height Class Diam. _[Soundness | Code Code DRC Height Class | Diam. |Soundnes
Popps ] 6 ) amr] 2
* ! 1 f; { T Hlu s
il ' ! LI 2 &
L i i =
fi ¢ 20 muQl 2
B i IS TRwl o
K | il 2
It | Iy &
1! } 1Y AT -
{
" 1 I { oo
11 ! / 6(/ 2z
1+ { 1D =
W / 0 T
1
o 1 {3 Ly 2
1t [ 4 . T
H / ya &
Y i 12 2
1 / =3 2
Sceave ) 5 3
PoPYEL { i ® 75 | 3
Sapling Data (irees less than 5.0 DBH and greater than or equal to 1.0" DBH are sampled within a 17300 acre microplot {6.8 ft. radius})
Spp. Status DBH / Total Crown | Ageat | Decay Status DBH / Totat Crown | Ageat | Decay
Code Cade DRC Height | Class Diam. | Class Code ORC Height | Class | Diam. | Class
|~
L~
Seedling Data (trees less than 1.0"DBH are sampled within a 1/300" acre microplot (6.8 f. radius))
: Average Average Seedling Average Average Seedling
Spp. Code Status Code | Height Age Count S$pp. Code Status Code | Height Age Count
1A P ) | ] 4
Rev. B2510% Oowﬁghlézom Larix Systems. In




Stand ID;

Vegetation Data Collection Sheet Crew; . Date:
Cottonwood Stand Reconnaissance Stand Unit: .y
Fort Peck Indian Reservation, Montana Subplot: A3 SSD2 2/ 13/ c,

Subplot Location: Te&et4cz + 5 _/0'
SHER Ly 3T IMNT

IG o1 ARuzr) vEr}

oLy LE
Forest Type: [°¢ P OS L[ CSCEANE soil Group: Stand Structure: 2 37O 3
Percent Slope: © Soil Texture: Crown Cover: 20
Aspect: O Soil Erosion: Ground Cover: &30
Physiography: Litter Depth: Browsing Intensity: .o (v
Humus Depth: Other Disturbance:
Tree Data (trees greater than or equal to 5.0" DBH are sampled within a 1/24" acre subplot (24.0 /. radius))
Spp. Status DBH / Total Crown | Ageat | Decay / | Spp. Status DBH / Total Crown | Age at Decay .
Cuode Code DRC Helght . | Class Diam. |Soundness | Code Code DRC Height Class Diam. [Scundnes
Prevge| 3 vl . PPos) 1 | =7 l
¥ T N | " | 8 2
i 1 12 () smEm| " ; \ 2
1) \ 11 | i ! lz l
v | & ety | 4 ] 10
1) | 12 \
» ! A 73 i
v A {
a Lz !
1 i 5 i
i n 7 |
v J j 1 2
b ] i uf i
1 I 8 t
V ! 1z i
n L] /6 1
¥ i (A 2
H [ 13 2
ELEAMS I K| 28 i
Sapling Data (trees less than 5.0° DBH and greater than or equal to 1.0° DBH are sampled within a 4/300" acre microplot {6.8 $ radius))
Spp. Status DBH/ Total Crown | Age at | Decay Spp. Status DBH/ Total Crown | Ageat | Decay
Code Code DRC Height Class | Diam. | Ciass Code Code DRC Height | Glass | Diam. | Class
i .
g
7
4
//
Seedling Data (trees less than 1.0°'DBH are sampled within a 1/300" acre microplot (6.8 ft. radius))
- Average Average Seedling Average Average . Seedling
Spp. Code Stalus Code | Height Age ~1_Count Spp. Code Stalus Code | Height Age Caunt
/
Rev. 8125101

Convricht 02000 Larx Svstams inc




Vegetation Data Coilection Sheet Stand ID: Crew: Date:
Cottonwood Stand Reconnaissance Stand Unit: 4« _ .
Fort Peck Indian Reservation, Montana Subplot: Ll Glisrc
Subpiot Location: Tonade s ~F S5 A LEVE Ty
Forest Type: PI1P 05 [ieman ¢ | Soil Group: Stand Structure: =2 37z 7 7
Percent Slope: o Soil Texture: Crown Cover: 4 o
Aspect: & Soit Erosion: ' | Ground Cover: 52
Physiography: Litter Depth:; Browsing Intensity: o w
Humus Depth: Other Dislurbance:
Tree Data (trees greater than or equal to 5.0° DBH are sampled within a 1/24™ acre subplot (24.0 ft. radius))
Spp. Status DBH/ Total Crown { Ageat | Decay / | Spp. Status OBH/ Total Crown | Ageat Decay
Code Code DRC Height Class Diam. _[Soundness | Code Code DRC Height Class | Diam. |Soundne:
popox| 1 U__[¢ wnar] = Pevze| 1 | 9 l
n / 7 J) oMy o il 1 g
1 ) {3k L WLLY 1 ki I 10 ) 2,
n i 12 ) Rl ] i l &8 =2
Al ’ 1 } a
1! 1 {
D ! 5 !
|} ] ) 5 {
p I 13 |
1] { v |
1 [ 1
n ! by po!
v I 12 | &% |
v i b )
L ! L5 Lo
o 7 2
’ 2. | =& 5
¥ i | B 3
" ! G 2
t { q
Sapling Data (trees less than 5.0” DBH and greater than or equal to 1.0" DBH are sampied within a 1/300" acre micropiot {6.8 ft. radius)
Spp. Status DBH / Total Crown | Age at | Decay Spp. Status DBH/ Total Crown | Ageat | Decay
Code Code DRC Height Class Diam. - | Class Code Code DRC Height Class | Diam. | Class
Z o

Seedling Data {trees less than 1.0'DBH are sampled within a 1/300" acre microplot (6.8 ft. radius}))

. Av«'arage Average Seedling Average Average Seedling
Spp. Code Statys Code | Height Age Count Spp. Code Status Code | Height Age Count
CLamil i | 2

Rev, 3125101
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Vegetation Data Collection Sheet Stand ID: Crew: Date:
Cottonwood Stand Reconnaissance Stand Unit: 35 =
_ Fort Peck Indian Reservation, Montana Subplot: S /e L& of
Subplot Location: —
P TEnnACE
LoTS o RRav@) Teoss ya POPOTL
Forest Type: [P0P DEC [Ecenu e | Soil Group: Stand Structure: a gTORN
Percent Siope: © Soil Texture: Crown Cover: 50
Aspect: 0 Soil Erosion; Ground Cover: 7 ¢
- Physiography: Litter Depth; Browsing Intensity: naowS-t Wi
Humus Depth: Cther Disturbance:
Tree Data (trees greater than or equal to 5.0" DBH are sampled within a 1/24™ acre subplot (24.0 . radius))
a— Spp. Status DBH / Total Crown { Ageat Decay / | Spp. Status DBH/ Total Crown | Age at Decay .
Code Code DRC Height Class Diam. [Soundness { Code Code DRC Height Ciass | Diam. [Soundnes
ELEANe] | > 16 )
— PoppEd ) 277 2
ELoruel 5 i
fopvge | | 8] 2
— Posiel | 2R a.
0P P b &0 3
Faes) ! 2 3 |
- ireoa \ 25 a,
gornce i =277 7l =N
Sapling Data (trees less than 5.0° DBH and greater than or equal to 1.0 DBH are sampled within a /300" acre microplot {6.8 ft. radius))
Spp. Status DBH/ Totat Crown | Ageat | Decay Spp. Slatus DBH/ Totat Crown | Ageat | Decay
— Code Code DRC Height Class Diam. Class Code Code DRC Height | Class | Diam. Class
- L~
/ g
, 7
— Seedling Data (trees less than 1.0'DBH are sampled within a 1/300" acre microplot {6.8 ft. radius))
- Average Average Seedling Average Average Seedl
Spp. Code Status Code | Height Age Count Spp. Code Status Code Height Age g c::ntmg
Rev. BI25/G1
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Vegetation Data Collection Sheet Stand ID: Crew: Date:
Coftonwood Stand Reconnaissance Stand Unit: -
Fort Peck Indian Reservation, Montana Subplot: 26 C0)|J E/08 7/7 Y/ or
Subplot Location: izt A
@ 20 % T Y
DA 5P —
o n.:;-mP Ly
Forest Type: Powr o= ' Soil Group: Stand Structure; 1 570 &/
Percent Slope: © Soil Texture: Crown Cover: -
Aspect: 7o) Soil Erosion; Ground Cover: gn»
Physiography: Litter Depth: Browsing intensity:
Humus Depth: QOther Disturbance:
Tree Data (trees greater than or equal to 5.0° DBH are sampied within a 1/24" acre subplot (24.0 . radius))
Spp. Status DBH/ Total Crown [ Age at Decay 7 Status DBH/ Total Crown | Age at Decay
Code Code DRC Height | Class | Diam. |Soundness | Code Code DRC Height Class _| Diam. |Soundne
ColDied | 2) GO oL
e ! LG 3
0 ' i % a
- i RN 3
" ] 20 3
n’ ! as por
Sapling Data (rees less than 5.0" DBH and greater than or equal to 1.0" DBH are sampled within a 1/300" acre micropiot (6.8 ft. radius)
Spp. Status DBH/ Total Crown | Ageat | Decay Status DBH/ Total Crown | Age at t Decay
Code Code DRC Height Class Diam, Class Code DRC Height Class | Diam. | Class
*
//
4
/ g
4
Seedling Data (trees less than 1.0°DBH are sampled within a 1/300™ acre microplot (6.8 ft. radius))
. Average Average Seedling Average Average Seeding
Spo. Cade Status Code | Height Age Count Spp. Code Status Code | Height Age Count
Frinecs) { /0 “o|

Rev. 825/

Cnnurieky
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Vegetation Data Collection Sheet Stand ID: Crew: Date:
Coftonwood Stand Reconnaissance Stand Unit:
Fort Peck Indian Reservation, Montana Subplot: .?76':_) §&/p /by
Subplot Location: TE AT
Forest Type: CoP DTy Soil Group: Stand Structure; | STy
Percent Slope: o Soil Texture: Crown Cover: 5o
Aspect: Soil Erosion: Ground Cover:. a5
FPhysiography: Litter Depth: Browsing Intensity: |_ao / pv s s
Humus Depth: Qther Disturbance:
Tree Data (trees greater than or equal to 5.0" DBH are sampled within a 1/24° acre subpiot (24 0 ft. radius))
Spp. Status DBH/ Total Crown | Ageat Decay / { Spp. Status Total Age at Decay
Code Code DRC Height Class Diam. {Soundness | Code Code DRC Height Diam. | Soundnes
FePiEd ( 19 2
LA A | e
W =) o
T { 20 2
] I 23 =N =2
' { 19 2
A ] 1 & 2
Sapling Data (trees Iess than 5.0° DBH and greater than or equal to 1.0° DBH are sampled within a 1/300" acre microplot (6.8 . radius))
Spp. Stalus DBH/ Total Crown | Age at | Decay Spp. Status DBH/ Totat Crown | Ageat | Decay
Code Code DRC Height Class Diam. Class Code Code DRC Height Class Diam. Class
I’/
Seedling Data (trees igss than 1.0°"DBH are sampled within a 1/300™ acre microplot (6.8 f. radius))
: Avw_zrage Average Seedling Average Average Seedling
Spp. Code Status Code | Height Age Count Spp. Code Status Code ¢ Height Count
Faarsy) ! i {
Rev. 72501

Copwriaht € 2000 Larix Svstems e




Vegetation Data Collection Sheet Stand ID: Crew: Date:
Cottonwood Stand Reconnaissance Stand Unit: a
Fort Peck Indian Reservation, Montana Subplot: 28 @) /D 9 res/e,
Subplot Location: Symoec
R HAT2 X,
Forest Type: fo? Dec/ FAR7E T [ Soi Group: Stand Structure: & F=2 i1
Percent Slope: [ Soif Texture: Crown Cover: >
Aspect: 0 Soil Erosion: Ground Cover: o
Physiography: Litter Depth: Browsing Inlensity: Lol
Humus Depth: Other Disturbance:
Tree Data (trees greater than or equal to 5.0 DBH are sampled within a 1/24" acre subplot (24.0 . radius))
Spp. Slatus DBH/ Total Crown | Ageat | Decay / Status DBH/ Total Crown | Age at Decay
Code Cede DRC Height Class Diam. (Soundness | Code Code DRC Height Class Diam. |Soundnes
PospEL ! (SLO '21 b na 1T A
Poppec| | 14 J =) a
PO | { & -
Poouzy ¢ 12 pauet =2
PoPod| i do 7|
For iy ! & 1 2
Fop st / i3 -
Prence) | iy £7 2
[rALE) [ & 34 l

Sapling Data (trees less than 5.0° DBH and greater than

or equal to 1.0” DBH are sampied within a /300" acre micro

fot (6.8 ft. radius))

Spp. Status DBH/ Total

Crown

Age at | Decay Spp. Status DBH!/ Total Crovm | Ageat | Decay
Code Code DRC Height Class Diam, Class Code Code DRC Height Class | Diam. | Class
Feamd| | \ il }
Frage / d 20
l .
Seedling Data (trees less than 1.0°DBH are sampled within a 1/300™ acre microplot (6.8 ft. radius))
. Average Average Seedling Average Average Seedling
Spp. Code Status Code | Height Age Count Spp. Code Status Code | Height Age Count
ELAPed I .3 /

Rev 8f25/01
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végetation Data Collection Sheet Stand ID: =24 Crew: Date:
Cotlonwood Stand Reconnaissance Stand Unit: -
Fort Peck Indian Reservaticn, Montana Subplot; Cﬁ) i D3 7/7 7 6 /

Subplot Location: {zalAcE

Forest Type: (789 Dot [ napl, Soil Group: ‘Stand Structure: 2 3Talr—
Percent Slope: © Soil Texture: -Crown Cover:
Aspect: O Soil Erosion: Ground Cover:
Physiography: Litter Depth: Browsing Intensity:
Humus Depth: Other Disturbance:
Tree Data (trees greater than or equal to 5.0° DBH are sampled within a 1/24" acre subplot (24.0 fi. radius))
Spp. Status OBH/ Total Crown | Ageat | Decay / | Spp. Status DBH!/ Total Crown | Ageat Decay .
Code Code CRC Height Class Diam.  |Soundness | Code Code DRC Height Class Diam. | Soundnes
potre b | 14 2
freagg) | 5 36 1 1
pootey | | 30 1
Potins 31 BR | 2
Po D I 2ol 2
&oed | 25 2~
eoopetl 2L 2
Frasca) ! & )
Sapling Data (trees less than 5.0" OBH and greater than or equal to 1.0° DBH are sampled within a 17300" acre microplot (6.8 fi. radius))
Spp. Status DBH / Total Crown | Age at | Decay Spp. Status DBH/ Total Crown | Ageat | Decay
Code Code DRC Height Class Diam. | Class Code Code DRC Height Class | Diam. | Class
A | 2 /5 i
oy red| | 2 i3 1
s/ 3 e !
Seedling Data {trees less than 1.0°"DBH are sampled within 2 1/300" acre microplot (6.8 ft. radius))
. . Average Average Seedling Average Avel Seedili
Spp. Code Status Code | Helght Age Count Spp. Code Status Code Heighlg A;erage Cszntmg
T a oo,y j & 5
Rev AD2RM [ Q2NN anx § I




Vegefation Data Collection Sheet Stand ID: ° crew: Date:
‘Cottonwood Stand Reconnaissance Stand Unitt &
Fort Peck Indian Reservation, Montana Subplot:  (/ ) NIDY g /v /o
Subplot Location: 1 =iic mes
Forest Type: Popote}ifnA~E) Soil Group: Stand Structure: 2z svet¢
Percent Slope:  © Soil Texture: Crown Cover: o
Aspedct: Sail Erosion: Ground Cover: =32
Physiography: Litter Depth: Browsing Iatensity: _nes/ wran.
Humus Depth: Other Disturbance:
Tree Data (irees greater than or equal to 5.0° DBH are sampied within a 1724" acre subplot (24.0 ft. radius})}
Spp. Status DBH/ Total Crown | Ageat Decay / | Spp. Status DBH / Total Crown | Age at Decay
Cade Code DRC Height Class Diam, |Soundness ! Code Code DRC Height Class Diam. |Soundne
Fopbpiy |} 25 29 2
" | 23 2
[A] l _'l -7 z_
fraaoe] ¢ A 3 |
220 e ! 12 2

Sapling Data (trees less than 5.0° DBH and greater than

or equal to 1.0" DBH are sampled within a 1/300" acre micro

lot (6.8 ft. radius)’

Spp. Status DER/ Total Crown [ Ageat | Decay Spp. Status DBH/ Total Crown | Ageat | Decay
Code Code BRC Height Class Diam. | Class - Code Code DRC Height | Class | Diam. | Class
Faearad | Z- ig f
Frrpra) ! 1 lL i
FrACG &S i 2 /& I
Finomd 7 z /6 !
Seedling Data (trees less than 1.0"DBH are sampled within a 1/300" acre microplot (6.8 ft. radius))
- . Av§mge Average Seedling Average Average Seedling
Spp. Code Status Code | Height Age Count Spp. Code Status Code | Height Age Count
FHAIE) / & 5
Rev. 8425101

& ight © 2000 Larix S in




APPENDIX C

PHOTOGRAPHS OF STUDY AREA




['ypical stand of mature cottonwood



Cottonwood stand on river terrace

Cottonwood stand with understory of green

ash



Cottonwoods gnawed by beavers



Cottonwood stand destroyed by fire

Cottonwood seedlings growing on recently formed sand bar



This report submitted to:

Coaperators

Bureau of Reclamation
Garrison Dam National Fish Haichery

Montana Fish, Wildlife and Parks
Fort Peck Field Office

Norih Dakota Game and Fish Departtnent
Upper Pallid Storgeon Workgroup
US Ammny Corps of Engineers

US Geological Survey
Fort Peck Ficld Office

Western Area Powetr Administration
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Introduction

This report surmmarizes the rescarch and ficld activities conducted in April threugh
Octoher of the 2002 field season. The main goals of this study are to monitor post spawn
migrational movements to help identify patlid sturgeon spawning areas, determine pallid
sturgeon response to * Spring Test Flows ™ out of Fort Peck Dam to see if mimicking
natural flows will expand pallid use and babitat into the Missouri River above the
canfluence of the Yellowstone River, and lo evaluate reproductive stages of known post
spawn [cmales. We also hope telcmetered pallid sturgeon will serve as an important tool
for future broodstaek capture by utilizing and netting possible aggregations in relation to
telemetered fish. Netting additional fish and marking them with Passive Integrated
Transponder (PIT) tags will also serve to help strengthen current population estimates.

Study Area

The pallid sturgeon study area (Sce Figure 1, for study axea), for the most part, is 8 semi-
confined stretch of approximately 290 river miles encompassing the Missoun River from
Fort Peck Dam (o the headwaters of Lake Sakakawcea and from 1he Yellowstone River
conflugnce (~ RM 1582.0) up the Yellowstone River to the Intake Diversion Dam,
Intake, Montana.

As suggested in the Post Spawn Telemetry Study Plan, datalogging station logations had
to be adjusted dug to a variety of factors, but eveniually all stations were placed in well-
suited areas that met the criteria needed to work sffectively. Our first station initially was
placed up the mouth of the Yellowstone River, a few hundred yards adjacent to or above
the conflucnee on the west riverbank below the high water line. Later in the summer, it
was moved to the east bank on private property, dus to low water conditions. The second
station, which is identificd as the Fort Union Station, is approximately 3 river miles up
the Missouri River above the confluence, and as its pame suggests, lies due east ol Fort
Union State Park on the nerth shore of the Missouri River on State-owned land, The
third station was located approximately 11 miles down the Missouri River on the
Grickson Island Slatc Game Production Area and is located on the north shore of the
fiver.

Two adiditional logging stations were funded for the 2002 ficld season by the Bureau of
Reclamation (BOR) and the North Dakota Game and Fish Department (NDGFD), which
brings the total of stations to five. The BOR station was positioned on Montana Dakota
Utilities property outside of Sidney, Monlana, (RM 3(.1) on the Yellowstone River. The
NDGED funded station was placed downstream of the Ducks Unlimited Pumphouse (RM
1557) on the lower Missouri River. The addition of the two new siations henefited the
project, helping to expand the study area into more manageable reaches and providing
more moverncnt data.
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Methods

Pallid sturgeon telemetry tracking started in the second week of May 2002, and manual tracking
resumed throughout the month and centinued until the end ol June. During the month of Tuly, we
started a less stringent tracking regime, only tracking every third week, which was continued
through Qctober, when fixed datalogging stations were taken out of the tiver.

Tracking methodology, as well as other methods, has been described in last year’s progress teport
and the USEWS’s draft proposal plan, so rather than describe them here, onc can refer to the
previous year’s lilerature,

One addition utilized in this past field season’s tracking, was the implementation of using a cell
phone link to the Suiney fixed datalogging station. This systcm allowed us to download the station
data from 2 hotel or office, wilh the aid of a computer. The remote system also allowed us 1o
check settings and change them, call the siation to seeifit is still operating properly, and most
importantly, eheck the data to determine if one of cur study fish has moved into another study
reach.

Due to the number of paddlefish on the 149,760 pallid [requency, the addition of two morc cell
phone links and threc more W31 receivers will be utilized to ensurs data can be downloaded
before memory banks fill up and data is lost. This became a preblem on a few different occasions
in the 2002 tracking scason and should be resolved with the upgraded reccivers and lechnology.

No pallid sturgeon were tagged afler the spring 2002 spawn, due to a number of maortalities ol the
wreodstock adults in the hatchery. Although only one mortality (which possibly was the result of
cumulative siress from spawning, as well as tagging,) has been associated with (he telemetry
projeet; surgically implanting telemetry tags was suspended for a year until the mortality issue in
the hatehery conld be addressed.

For further clarification of lables and figures listed in this report, fish spawned in the spring of
2000 were named starong with the letter *A,” and fish spawned in the spring of 2001 were given
names with the letier “B." Because no fish were tagged in the spring of 2002, C will be skipped
and fish spavwned and tagged in 2003 will all be designated with names starting with “D.”

Tesults and Discussion

During the 2002 spring broodstock capiure, a male pallid sturgeon with rather suspicious scar
tisane was netted. Afier referencing the pallid sturgeon database for passive integrated trapsponder
(PIT) tag matches, it was conclusive this fish was a previous iclemelry study fish. Aaron, fish #
38, had been tracked in the fall of 2000 when he was released back 1o the river and begitming in
the spring of the 2001 field season, was unable to be Jocated till present. His tag incision had
healed perfectly and no signs of swress or infection were observed.




Consequently, we saw this happen at least two more times in the 2002 figld season. Amber, fish #
62, lost her tag approximately al river mile (RM) 1558 above the Ducks Unlimited Pumphouse. In
mid-April. she was observed crossing the Erickson Island Station and staging downstream below
the Confluence Stution for a brief period of time. She then was located by boat at RM 1567 in
May. Somewhere after that time period, she shed her tag in aboni 7 feet of water adjacent to an
island. ‘W continued to pick up here tag throughout the summer at the same location without it
ever moving. Attempis were made fo net (he fish on different occasions, but no mevements woere
ever monitored. Water levels never reached shallow enough depths to attemnpt retrieval.

Al, fish # 22, also departed from our study this field season, This tag was apparently shed in the
early spring of 2002, Montana, Fish, Wildlife and Parks crews’ picked up his signal at B; 2 Sky
Rend (~RM 17}, wherc il remained for the rest of the yzar. In late Augnst, attempts to retrieve the
tag were conducted. The tag was located in approximately 2 to 3 fect of water and maximum
signal cutput was picked up on ocur receivers helping us isolate the tag within a couple foot radius,
unfortunately after digging for a couple of hours, the tag could not be retrieved.

Bridget. fish # [0), has also been unable to be located sintce she was returned back to (he river. The
loss of this fish, as well as Amber, has definitely hurt one of the objectives of the study and has left
us with enly one female smdy fish.

Welght in Weightin Fork Length Fork Length

Name Code Sex Pittag# Pounds Kilograms Inlnches in Millimeters
Art 18 M 1F4845755R 33 14982 51 1285
Annie 25 F 1F4T 115752 55 24970 62 1580
Andre pa M 7F7B0B1579 32 14528 56 T444
Alex 34 M 1155255344 38 18344 55 1404
Arnle 44 M 2202236E31 81 27684 G 1542
Archie 46 M 1FdA33194R 45 20340 a7 1468
Andrew 50 M 1157135554 28 12712 53 1352

Table 1: List of the cluss ol 2000 remaining in the study, as of Octoher 2002,




Walghtin Weight in Fark La ngth  Fork Lengih

Name Code Sex Pittag# Pounds Kilograms inlinches in Mitlimreters
Butch 2 M 1F4A27214F o0 22857 81 1541

Bart 14 M 1186312224 29 13257 52 1340
Bob 116 M  7F7D3C5708 30 13714 55 1405
Ben 144 M 1F4A111C6A 43 196857 55 1344

Table: 2. List of the class of 2001 remaining in the study, as of Qctober 2002.

A primary objective of this study was to cstablish (he time between spawns lor adul{
pallid sturgeon and to leam more about the reproductive physiology of these native river
fish. Past spawning records from a femalc slurgeon suggests they may spawn between 2
and 7 years, as well as physical evidence displayed by two, small pallidipallid hybnd
females at GDNFH. Once a female was identificd with gravid cggs, it was hoped that
tracking her would lead to pallid sturgcon spawning grounds and give us an idea on the
stage periods between spawns.

Fish # 25 was located in the lower Missouti River on Apri] 24th, and subsequent etiing
drifis were made to capiure this female on two difforent days, Unfortunately, she was
located in a deep trough along the shore and was wable to be captured. On two separate
occasions (June 19-21 and June 30 to July S"h], she proceeded to migrate up the Missour
River to the USGS’s Culbertson datulogging station (RM 1619}, Unfortunately, we were
unaware of her location and she eluded ys until mid-August, when she was found in the
lower Missoun River around RM 1556.5. )

Upon relocation of the Annie on August 22 at RM 1664.7, Garrison Dam National Fish
Harchery Manager, Rob Holm, was contacted immoediately and met us at the highway 835
boatramp 3 hours later. We then drift-netted for the female and captured her on the third
drift, at which time we went to shore and prepared to tube her. Rob used a Y-inch
diameler, 30-inch section of clear, plasiic tubing to perform the procedure,

Upou tubtng the {emale, no small white ¢ 25 of hlack shriveled, larger €ges were found.
Two subsequent altempts were made to extract eggs off the ovary, bul no eggs wers
present. Annie was released and remained present in the lower Missouri throughout the
rest of the summier and into ike end of the tracking scason. Although we can’t be
positive, due to the lack of any eygs present, two possible scenarios could exist. One, she
spawned her egys in the spring of 2002 and is in the process of regeneration; and, if this



thoory is true, she should have small, whitc 8ggs present on her ovaries in the spring of
2003. Two, if no sign of eggs are found on the ovary in the spring of 2003, it will be
safe to assume that it will take 4 longer duration for her to altempt another spawn.

Diel movemments werc also recorded and compared for the 2002 fish by using data frem
individual fish passing fixed datalogging stations. The stalions list the time the fish
cnters and leaves the range of station hydrophones. Times from boat relocations were not
considered.
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Table 3: Diel movements of thel 1 fish remaining in study for the 2002 field season.
Night = | hewr after sundown to 1 hour before sunrise.
Dawn = 1 hour before sunrisc o 1 hour after sunnse,
Day = 1 hour after sunrise to 1 bour before sunset.
Dusk = | hour beforc simdown to | hour afier sundown,

vl Movements of ajl Fish

— = Figure 2: Diel movements for all
fish in 2002,




Although dici mevements differed significantly between some fish, there scems to be
culy a marginal difference between the higher percentages of daytime movernents from
the nighttime movements recorded.

A total of 331 sbservations were recorded in the 2002 feld season, with 139 of them
coming from beat relocations. A portion of the boat relocations came from Montana
Fish, Wildlife and Park’s fishery crews tracking paddlefish in the same confines of the
river. This added information helped il the gaps in data when fish sometimes slipped
past stations and were not recorded.

With the addition of the USFWS’s two stations and the deployment of the Montana based
US4 siations on the upper Missourf River to Fort Peck Dam, fish movement was
recorded both higher fn terms of RM’s traveled up in the upper Missouri and Yellowstone
Rivers. Fish # 144 traveled up the Missouri River to the Wolf Point, Monlana, Station
(RM 1717), from May 20 to June 8 and ranged as low as RM 1555.4 in the lower
Missouri in mid-July to the last boat relocation on Noveinber 8, 2002, From lower 1o
upper niver reaches, he spanned over 161 river miles in the Missouri and also made a
couple of appearances 4 16 5 miles up the Yellowstonc, In the Yellowstone River, u male
pallid sturgeon was relocated 50 miles above the confluence, marking it as the highest a
fish has been observed in that reach.

Although we saw greater distances traveled from a few individual pallids, overall ish
movetent secmed to decrease i 2002 compared to 2001, In 2007, only three fixed
datalogging stations were active in the study and they recorded a total of 165
abservations of [ish passing them. For the 2002 field season, the USFWS deployed five
stahions and the USGS deployed at least five additional stations from Culbertson, MT, 10
Forl Peck Dam, Montana. In ail, there were over three times the stations deployed and
activated, and they accounted for 192 station observations, orly 27 more than last Vear.

A large proportion of movermnent mimicked behavigr from last year's observations. In
April, May, and June, fish reacted 1o the sing and falling hydrographs daiiy; later in the
sammer 10 early fall, response was usnaliy limited.

The study pallids are definitcly exhibi ung some unigue behavior that has camied over
from 2001 to0 2002, Two males, Art (18} and Andre (26}, have consecutively passed the
Yellowstone Station and have spent almost ihe entire sumnier around or abeve Sidncy,
Montana. Andre passed the Yellowstone Siation on May 19 in 2001 and on May 17 in
2002 to spend most of the summer above Sulney, and then retumed in August and
September. Art basicully followed the same behavior and traveled up the Yellowstone on
May 25 and also spent his smmer ranging above the Highway 200, Fairview Bridge to
aboul 10 miles above Sidney, MT.

For 2 consecutive years, Annic, the sole female left in the lelemeiry study has selected to

stay in the Missouri River, (his past year ranging from RM 1557 in the lower Missouri to
RM 1619, at Culbertson, MT, on the upper Missouri, Although on both years she wag

10




recorded staging arcund the Yellowsione Station, she has never been relocuted by boat up
the Yellowstone River.

This was also (he case for Buich, a male from the class of the 2001 spawners. He was
caplurcd four times in one week during the broodstock capture in mid-April at the
confluence, and linally dropped down into the lower Missoun, where he stayed for the
rest of the summer.  This fish didn’t ssem to exhibit any urge to follow the hydrograph
and spent most of the season between the Erickson Island and the Willision Stations. In
fat, he never did migrate up Lo the conflusnce or show up on the Yellowstone Station.
Although, 1 suspect some of his behavior may have stemmed from the stress induced with
being caught four times in April, it’s possible his home range may be that small
considering all the movement he displayed within the small area.

As mentioned gbove, many of the telemetry study [ish were sither captured or monitored
in the confluence area during the April broodstock capture. Besides Butch, Amie was
captired three times and (hree other fish were at least captured once. Radio-
transmittercd fish aided in the capture of nen-tagged sturgeon on a couple different
occasions, including a large female caught up the Ycllowstone River adjacent to where
Archie, fish # 46, was nctted previonsly. ’

On three occasions during the field season, we relocated pallid sturgeon using slow,
shallow side channels, which was inlercsting, considering we did not see this happen in
2001. In two of the cuses, the side channcl was shallow, with about 3 feet of water and
we saw the pallids moving around continually, possibly feeding.

Plans for the 2002 field season include the same tracking schedule and protocol,
hopefully with the addition of more study [ish in the spring. Baseline data will continue
to he taken to corpare against fish movement associaled with USACE propesed test
flows slated for the future.

11
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Figure 3: Relocations for Art, fish # 18, by river mile in the Yellowstone River
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Figure 4: Relocalions for Att, fish # 18, by tiver mile in the Missouri River plotted
agamst MNows from the Sidney and Culbertson gauging stations.
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Figare 6: Relocations for Andre, fish # 26, by river mile in the Yellowstone River plotted
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Figure 11: Relocations for Arnic, fish # 44, by river mile in the Missouri River plotted
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Figure 12: Relocations for Archie, fish 4 46, by river mile in the Yellowstone River
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Figure [3: Relocations for Archie, fish # 46, by niver mile in the Missouri River plotted
aganst Mlows from the Sidney and Cnlberrson gauging stations,
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Figure 14: Relocations for Andrew, fish # 50, by river miie in the Yellowstone River
plotted against flows from the Sidney and Culbertson gauging slations,
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Figure 15: Relocalions for Andrew, fish # 30, by river mile in the Missouri River plotted
agamst flows from ike Sidney and Culberison gauging stations.
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Abstract

The Missouri River Biological Opinion developed by the U. S. Fish and Wildlife Service
formally identified that seasonally atypical discharge and water temperature regimes resulting
from operations of Fort Peck Dam have precluded successful spawning and recruitment of pallid
sturgeon Scaphirhynchus albus in the Missouri River below Fort Peck Dam. In response, the U.
S. Army Corps of Engineers (USACE) proposes to modify operations of Fort Peck Dam to
enhance environmental conditions for spawning and recruitment of pallid sturgeon. The Fort
Peck Flow Modification Biological Data Collection Plan (hereafter Fort Peck Data Collection
Plan) was implemented in 2001 to evaluate the influence of proposed flow and temperature
modifications on physical habitat and biological response of pallid sturgeon and other native
fishes. Activities continued during 2002, and are summarized below. The multi-year Fort Peck
Data Collection Plan is comprised of five monitoring components: 1) measuring water
temperature and turbidity at several locations downstream from Fort Peck Dam, 2) examining
movements by pallid sturgeon that inhabit areas immediately downstream from Fort Peck Dam,
3) examining flow- and temperature-related movements of paddlefish Polyodon spathula, blue
suckers Cycleptus elongatus, and shovelnose sturgeon Scaphirhynchus platorynchus, 4)
quantifying larval fish distribution and abundance, and 5) examining food habits of piscivorous
fishes. The Fort Peck Data Collection Plan is supported by the USACE, and implemented by the
Montana Department of Fish, Wildlife, and Parks (MTFWP} and the U. S. Geological Survey
Columbia Environmental Research Center.

Proposed flow modifications were not implemented in 2002 due to inadequate
precipitation and insufficient reservoir levels. Continuous-recording water temperature loggers
positioned at 17 locations provided baseline water temperature profiles to which changes in
water temperatures resulting from modified dam operations could be compared. In the absence
of modified dam operations in 2002, mean water temperature between mid-May and mid-
October was 6.0°C cooler immediately downstream from Fort Peck Dam (mean = 11.9°C) than
in the free-flowing Missouri River upstream from Fort Peck Dam (mean = 17.9°C). Water
temperature 288 km (179 miles) downstream from Fort Peck Dam averaged 1.2°C less than
above Fort Peck Dam. Similar to 2001, adult pallid sturgeon were not found in selected areas
immediately downstream from Fort Peck Dam. Consequently, pallid sturgeon were not
implanted with radio transmitters. Between April and November 2002, telemetry relocations
were obtained for 16 blue suckers (160 relocations), 27 shovelnose sturgeon (276 relocations),
and 18 paddlefish (134 relocations) in the Missouri River and Yellowstone River. One
continuous-recording telemetry logging station positioned in the Milk River and five additional
stations positioned at sites between Fort Peck Dam and Culbertson logged an additional 376
contacts of radio-implanted fish. Shovelnose sturgeon and paddlefish were highly migratory,
and exhibited seasonal differences in use of the Missouri River and Yellowstone River. Blue
suckers tended to be less migratory. In September 2002, an additional 21 shovelnose sturgeon,
21 blue suckers, and 3 paddlefish were implanted with transmitters. These individuals will be
tracked during 2003. A total of 41,768 larval fish were sampled at six sites on the mainstem
Missouri River and adjacent habitats. Larval sturgeon (Scaphirhynchus sp.) were sampled at
Wolf Point (N = 5) and in the Yellowstone River (N =9). Larval catostomids (suckers) were the
dominant taxon sampled, and comprised 43-94% of the larval fishes sampled at all sites;
however, taxa composition varied significantly among sites. Food habit data for burbot Lota
lota, channel catfish Ictalurus punctatus, freshwater drum Aplodinotus grunniens, goldeye



Hiodon alosoides, northern pike Esox lucius, sauger Stizostedion canadense, shovelnose
sturgeon, and walleye Stizostedion vitreum were obtained during July and August 2002. All
species with the exception of shovelnose sturgeon exhibited piscivory, but there was no evidence
that sturgeon larvae or juveniles were consumed. Six hatchery-raised juvenile pallid sturgeon
and one adult pallid sturgeon were sampled during September in conjunction with associated
field activities. In addition, two larval pallid sturgeon (21.6 mm, 23.1 mm) were sampled on
September 4 and 5, 2002, downstream from the Yellowstone River confluence. These findings
are the first documented account of larval pallid sturgeon in the Missouri River downstream from
Fort Peck Dam, and indicate that successful spawning by pallid sturgeon did occur in 2002.
However, it is not known whether spawning occurred in the Yellowstone River or in the
Missouri River.



Introduction

The U.S. Army Corps of Engineers (USACE) proposes to modify operations of Fort Peck
Dam following specifications outlined in the Missouri River Biological Opinion (U.S. Fish and
Wildlife Service 2000). Modified dam operations are proposed to increase discharge and
enhance water temperatures during late May and June to provide spawning cues and enhance
environmental conditions for pallid sturgeon Scaphirhynchus albus and other native fishes. In
contrast to “normal” cold water releases through Fort Peck Dam, water from Fort Peck Reservoir
will be released over the spillway during flow modifications to enhance water temperature
conditions. The USACE proposes to conduct a mini-test of the flow modification plan to
evaluate structural integrity of the spillway and other engineering concerns. A full-test of the
flow modifications will occur when a maximum of 19,000 cfs will be routed through the
spillway. Spillway releases will be accompanied by an additional 4,000 cfs released through the
dam. Pending results from the full-test, modified flow releases from Fort Peck Dam in

" subsequent years will be implemented in an adaptive management framework. All proposed
flows are dependent on adequate inflows to Fort Peck Reservoir and adequate water levels in the
reservoir.

The original schedule of events for conducting the flow modifications called for
conducting the mini-test during 2001 and conducting the full-test in 2002. However, insufficient
water levels in Fort Peck Reservoir during spring 2001 and 2002 precluded conducting the mini-
test and full-test. Thus, pending favorable precipitation and adequate reservoir water levels in
carly spring 2003, the mini-test may be conducted in 2003 and the full-test conducted in 2004.

The Fort Peck Flow Modification Biological Data Collection Plan (hereafter referred to
as the Fort Peck Data Collection Plan) is a monitoring program designed to examine the
influence of proposed flow modifications from Fort Peck Dam on physical habitat and biological
response of pallid sturgeon and other native fishes. Components of the monitoring program
include: 1) measuring water temperature and turbidity at several locations downstream from Fort
Peck Dam, 2) examining movements by pallid sturgeon that inhabit areas immediately
downstream from Fort Peck Dam, 3) examining flow- and temperature-related movements of
paddlefish Polyodon spathula, blue suckers Cycleptus elongatus, and shovelnose sturgeon
Scaphirhynchus platorynchus, 4) quantifying larval fish distribution and abundance, and 5)
examining food habits of piscivorous fishes. The Fort Peck Data Collection Plan is supported by
the USACE, and implemented by the Montana Department of Fish, Wildlife, and Parks
(MTFWP) and the U. S. Geological Survey Columbia Environmental Research Center — Fort
Peck Project Office. Western Area Power Administration serves as the contractual liaison
between the USACE and MTFWP.

Study Area

The Missouri River study area extends from Fort Peck Dam located at river kilometer
(rkm) 2,850 (river mile, RM 1,770) to the headwaters of Lake Sakakawea near rkm 2,496 (RM
1,550; Figure 1). The study area also includes the lower 113 rkm (70 miles) of the Yellowstone
River (Figure 1). See Gardner and Stewart (1987), White and Bramblett (1993), Tews (1994),
and Bramblett and White (2001) for a complete description of physical and hydrological
characteristics of the study area.



Methods

Monitoring Component 1 - Water temperature and turbidity.

Water temperature logger deployment. Water temperature loggers (Optic StowAway,
-5°C — +37°C, 4 min response time, accuracy + 0.2°C from 0 - 21°C) were deployed during early
May at sites in the Missouri River, Yellowstone River, selected tributaries, and off-channel areas
(Table 1). Duplicate loggers were secured adjacent to the north and south bank lines at sites in
the Missouri River to assess lateral variations in water temperature. Water temperature loggers
were positioned near the bottom of the river channel. An additional logger was stratified in the
water column at selected sites to assess vertical variations in water temperature. Stratified water
temperature loggers were secured to either the north or south bank locations. Water temperature
loggers were programmed to record water temperature at 1-hr intervals, and periodically
downloaded during the deployment period.

Statistical analysis of water temperature. Analysis of variance and t-tests were used to
compare mean daily water temperature among water temperature loggers positioned on the north
and south bank locations, and stratified in the water column. Analysis of variance was used to
compare mean daily water temperature among all logger locations.

Assessment of water temperature logger precision. Precision of water temperature
loggers was assessed prior to and following retrieval from the field. In April 2002, all water
temperature loggers (except the logger deployed at Robinson Bridge) were subjected to a series
of 15 common water bath treatments to evaluate precision and accuracy among loggers. The 15
water bath treatments were comprised of three temperature ranges (cold, < 10°C; cool, 15-20°C;
warm, > 20°C) with five temperature measurements recorded within each temperature range.
During water bath treatments, water temperature was also measured with a YSI Model 85 meter
(accuracy + 0.1°C) and a hand-held alcohol thermometer (accuracy + 1.0°C) at specific times. In
late November following retrieval from the field, water temperature loggers were subjected to a
similar series of common water bath treatments as conducted in pre-deployment assessments. In
addition to pre- and post-deployment comparisons involving water bath treatments, water
temperature measured with the YSI Model 85 meter during the course of larval fish sampling
(late May through early August, see below) provided an additional data set to which accuracy
and precision of the loggers could be evaluated. Larval fish sampling sites were generally within
1.6-3.2 km (1-2 miles) of a water temperature logger. Water temperature at the larval fish
sampling sites was measured in the upper 1-m of the water column.

Statistical analysis of water temperature logger precision. Pre- and post-deployment
precision of loggers for each water bath treatment was evaluated with univariate statistics (mean,
standard deviation, minimum, maximum, and range) computed over all loggers. The mean,
minimum, maximum, and range were screened for precision. If precision was low (e.g., broad
range of temperature for an individual water bath trial), logger data were scrutinized to determine
which logger(s) was contributing to the extreme values. Afier identifying and deleting the
“suspect” logger(s), univarite statistics were computed again to assess precision. In addition to
univariate statistics, a two-way analysis of variance was used to compare precision (i.e.,
temperature range) of water temperature loggers between pre- and post-deployment test and
among the three water temperature treatments.
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Table 1. Sites, approximate river mile (RM; distance upstream from the Missouri River-

Mississippi River confluence or distance upstream in a specified tributary), bank locations

(north, south, strat = stratified in the water column), serial numbers, and dates of deployment for
water temperature loggers deployed in the Missouri River and adjacent areas during 2002. NR =
not recovered at the end of the season.

Bank Loggerserial  Deploy  Retrieval
Site RM location no. date date
Above Fort Peck Lake 1,921.2 South 4/26/02 11/6/02
Downstream from Fort Peck Dam  1,765.2 North 389503 5/10/02  10/21/02
South 389561 5/10/02  10/21/02
Spillway 389574 5/10/02  10/21/02
Milk River 4.0 389560 5/9/02 10/21/02
Nickels Ferry 1,759.9 North 389495 5/9/02 10/21/02
South 389488 5/9/02 10/21/02
strat - 407322 5/9/02 10/21/02
Nickels Rapids 1,757.5 North 389563 5/9/02 11/6/02
South 389571 5/9/02 11/6/02
strat 389504 5/9/02 11/6/02
Frazer Pump 1,751.5 North 389565 5/9/02 11/6/02
South 389489 5/9/02 11/6/02
Strat 389556 5/9/02 11/6/02 -
Frazer Rapids 1,746.0 North 389501 5/9/02 11/6/02
South 389490 5/9/02 11/6/02
Strat 429705 5/9/02 11/6/02
Grand Champs 1,741.5 North 389497 5/9/02 11/6/02
South 389575 5/9/02 11/6/02
Strat 407323 5/9/02 11/6/02
Wolf Point 1,701.5 North 389493 5/9/02 11/6/02
South 389500 5/9/02 11/6/02
strat 429703 5/9/02 11/6/02
Redwater River 0.1 389502 5/9/02 ‘NR
Poplar 1,680 North 389491 5/9/02 NR
South 389492 5/9/02 NR
strat 429700 5/9/02 NR
Poplar River 0.4 314955 NR
Culbertson 1,620.9 North 389572 5/2/02 10/25/02
South 389567 5/2/02 NR
strat 429696 5/2/02 10/25/02
Nohly 1,591.2 North 429697 5/1/02 11/8/02
South 389498 5/1/02 NR
strat 429698 5/1/02 NR
Yellowstone River 3.5 389562 5/1/02 11/8/02
Below Yellowstone River 1,576.5 North 389566 5/1/02 11/8/02
South 389564 5/1/02 11/8/02
strat 429704 5/1/02 11/8/02




Field measurements of turbidity. Turbidity (nephelometric turbidity units; NTU) was
measured from late May through August with continuous-recording (1-hr interval) turbidity data
loggers (Hydrolab Datasonde 4a, serial numbers 39046, 39047, 39048, 39049, measurement
range 0 — 1000 NTU, accuracy + 2%). Turbidity loggers were deployed in the Missouri River
near Frazer Rapids (rkm 2,811; RM 1,746), near Poplar (tkm 2,708; RM 1,682) and near Nohly
(rkm 2,558; RM 1589), and in the Yellowstone River 0.81 km (0.5 miles) upstream from the
confluence.

Assessments of turbidity logger precision. Precision of turbidity loggers was assessed
during field deployment and following retrieval from the field. Turbidity loggers at Nohly and in
the Yellowstone River were located within larval fish sampling stations (see below) where
turbidity was also measured at 2-3 day intervals between late May and early August. Turbidity
at the larval fish sampling stations was measured using a Hach Model 2100P portable
turbidimeter (measurement range 0 — 1000 NTU, accuracy + 2%). Thus, time- and date-specific
turbidity measurements logged by the turbidity loggers were compared to turbidities measured
during larval fish sampling. After deployment in the field, turbidity loggers were subjected to a
common water bath to assess precision of turbidity measurements among the turbidity loggers.
The loggers were placed in a water bath to which sediment had been added. Sediments in the
bucket were periodically mixed to increase turbidity. After turbidity declined due to particle
settling, the sediments were again stirred to increase turbidity. Turbidity loggers were
programmed to record turbidity at 15-min intervals during the post-deployment assessments.
The 15-min sampling interval resulted in more than 90 individual measurements of turbidity
during the post-deployment tests. A subsample of low (< 100 NTU), medium (200-500 NTU),
and high (>500 NTU) turbidity measurements was randomly selected from the total number of
observations for post-deployment comparisons.

Statistical analysis of turbidity logger precision. Correlation analysis was used to assess
the degree of association between turbidities measured by the turbidity loggers and turbidities
measured during larval fish sampling at Nohly and in the Yellowstone River. In addition, t-tests
were used to compare mean turbidity recorded by the loggers and during larval fish sampling.
For post-deployment assessments of turbidity, univariate statistics as calculated for water
temperature (discussed above) were screened for precision. Analysis of variance was used to
compare the turbidity range (i.e., precision) among low, medium, and high turbidity water bath
treatments.

Monitoring Component 2 — Movements by pallid sturgeon.

Diving in areas immediately downstream from Fort Peck Dam was conducted
periodically during a 6-week period in February and March 2001. Pallid sturgeon collected were
to be implanted with transmitters and tracked during spring and summer.

Monitoring Component 3 — Flow- and temperature-related movements of paddlefish, blue
suckers, and shovelnose sturgeon.

Transmitter implantation.-Sampling for paddlefish, blue suckers, and shovelnose
sturgeon for transmitter implantation was conducted in September 2002. Species were sampled
using drifted trammel nets, hoop nets (primarily targeting blue suckers), and surface-drifted gill
nets (primarily targeting paddlefish). A minimum of 20 suitable-sized individuals of each
species were targeted for transmitter implantation. Qur goal was to extend flow- and
temperature-related movement inferences to all areas of the Missouri River below Fort Peck




Dam. Therefore, species were collected in several areas between rkm 2,842 (RM 1,765) and tkm
2,547 (RM 1,582; Figure 1).

The three species were implanted with two varieties of combined acoustic/radio tags
(CART tags, Lotek Wireless Incorporated, New Market, Ontario). The CART tag emits
alternating radio and acoustic coded signals at established time intervals. The coded signal
emitted by each CART tag is unique to facilitate identification of individual fish. Blue suckers
and shovelnose sturgeon were implanted with the CART 16-2S (16 mm x 68 mm, air weight =
31.5 g, 865-day longevity, 4-second pulse interval, 149.620 Mhz, 76.8 kHz). Paddlefish were
implanted with the CART 32-1S (32 mm x 101 mm, air weight = 114 g, 1,095-day longevity, 1
second interval, 149.620 MHz, 76.8 kHz).

Surgical implantation of transmitters was conducted after 1-6 individuals were captured
at a sampling location. After being sampled, fish were placed in streamside live cars.
Individuals were placed in a partially submerged V-shaped trough during surgical implantation
of transmitters, and water was continually flushed over the gills using a bilge pump apparatus.
After making an abdominal incision about midway between the pectoral fin and pelvic fin, a
shielded needle technique (Ross and Kleiner 1982) was used to extrude the transmitter antennae
through the body cavity. The transmitter was then inserted into the body cavity, and the incision
was closed with silk sutures. Most blue suckers and shovelnose sturgeon were held overnight in
streamside live cars, and released the following morning. A 5-10 minute period of facilitated
acclimation following surgical procedures was used to stabilize paddlefish prior to release.
Surgical implantation of transmitters was conducted at water temperatures between 10.3°C and
16.4°C.

Stationary telemetry logging stations.- Stationary telemetry logging stations were
deployed in late April and early May 2002 at six sites (Milk River, RM 2.0; downstream from
the Milk River, RM 1,759; near Wolf Point, RM 1,717; near Poplar, RM 1,681.5; near Brockton,
RM 1,651; near Culbertson, RM 1,619). The logging stations (8 ft x 8 ft floating platform) were
positioned away from the bankline, and secured to the bankline using cables and an iron arm.
Each logging station was equipped with unidirectional hydrophones (on¢ pointing upstream, one
pointing downstream), solar panels, and an environmental enclosure kit containing dual 12-volt
batteries, a receiver, two ultrasonic upconverters, and an antennae switchbox.

Manual tracking of implanted fish.- Manual tracking of fish implanted with CART tags in
September 2001 was initiated in April 2002. The Missouri River between Fort Peck Dam and
the headwaters of Lake Sakakawea (354 km, 220 miles), and the Yellowstone River from the
confluence to Intake Diversion (113 km, 70 miles) were tracked at about weekly intervals. Two
radio frequencies (149.760 MHz, 149.620 MHz) were simultaneously monitored during the boat-
tracking run. A hydrophone was used to scan acoustic frequencies in deep areas of the two
rivers. The entire study area could be tracked in a 3-4 day time interval. Several variables
(frequency, code, latitude, longitude, river mile, water depth, habitat type, water temperature,
turbidity, time-of-day) were recorded at fish relocations.

Data analysis.-A complete analysis of fish movements and tracking data is not warranted
at this time because 2002 was the initial year of the multi-year study. Rather, fish movements
and tracking data for 2002 were summarized for the study period as the number of relocations
per km by river reach for the three species. Five river reaches were delineated, and included
Reach 1 (Fort Peck Dam to Wolf Point, rkm 2,832 — rkm 2,723), Reach 2 (Wolf Point to the
Yellowstone River confluence, rkm 2,723 — km 2,691), Reach 3 (Yellowstone River confluence
to Highway 85 near Williston, ND, rkm 2,691 — rkm 2,485), Reach 4 (Yellowstone River from



the confluence to Sidney, MT, rkm 0 — rkm 48), and Reach 5 (Yellowstone River from Sidney to
Intake diversion dam, rkm 48 — rkm 114).

Monitoring Component 4 — Larval Fish

Sampling protocols. Larval fish were sampled at about 3-4 day intervals from late May
through early August at six sites (Table 2). Similar to 2001, sites on the mainstem Missouri
River were located just downstream from Fort Peck Dam, near Wolf Point, and near Nohly.
Sites located off the mainstem Missouri River included the spillway channel, the Milk River, and
the Yellowstone River. Larval fish at all sites were sampled with 0.5-m-diameter nets (750 pm
mesh) fitted with a General Oceanics Model 2030R velocity meter.

Table 2. Larval fish sampling locations, number of replicates, samples, and net locations for
2002. Abbreviations for net location are as follows: B = bottom, M = mid-water column, S =
surface (0.5 - 1.0 m below the surface).

Approximate Samples per Net
Site river mile Replicates replicate location
Missouri River below Fort Peck Dam  1,763.5-1,765.3 3 4 B/M
Spillway 1,762.8 2 4 S
Milk River 0.5-4.0 5 4 S
Missouri River ncar Wolf Point 1,701.0-1,708.0 5 4 B/M
Missouri River near Nohly 1,584-1,592 5 4 B/M
Yellowstone River 0.1-3.0 5 4 B/M

Specific larval fish sampling protocols varied among sites and were dependent on site
characteristics (Table 2). Two to five replicates were collected at the sites, where one replicate
was comprised of four subsamples (two subsamples simultaneously collected on the right and
left side of the boat at sampling locations near the left and right shorelines). At all sites except
the spillway site, the left and right sampling locations corresponded to inside bend and outside
bend locations at the mid-point of a river bend. The spillway channel had minimal sinuosity;
therefore, samples did not reflect inside and outside bend locations. Only two replicates were
available in the spillway channel (one replicate in both of the spillway channel pools), and three
replicates were available at the site downstream from Fort Peck Dam. The full compliment of
five replicates was available at the other sites. At sites exclusive of the spillway and Milk River,
paired subsamples near the left and right bank locations were comprised of one net fished on the
bottom and one net fished in the middle of the water column. Thus, each replicate was
comprised of two bottom subsamples and two mid-water column subsamples. Nets were
maintained at the target sampling location by affixing lead weights to the net. Larval nets were
fished for a maximum of 10 minutes (depending on detrital loads). The boat was anchored
during net deployment (e.g., “passive” sampling). In the Milk River and spillway channel,
irregular bottom contours, shallow depths, and silt substrates were not conducive to bottom
sampling. In addition, minimal current velocity in these two locations required an “active” larval
fish sampling approach. Therefore, larval fish in the Milk River and spillway channel were
sampled in the upper 1-m of the water column as the boat was powered upstream for a maximum
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of 10 min. Larval fish samples were placed in a 5-10% formalin solution containing phloxine-B
dye and stored.

Larval fish were sampled at the same replicate and subsample locations throughout the
sampling period except when changes in discharge necessitated minor adjustments in the
sampling location. For example, an attempt was made to sample larval fish at total water column
depths between 1.5 m and 3.0 m. This protocol was used to minimize variations in larval fish
density associated with vertical stratification of larvae in the water column. When river
discharge decreased (or increased), water depth in a previously sampled location exceeded the
required range. Therefore, the specific sampling location changed but was always near (+ 300
m) the general vicinity of the earlier samples.

Laboratory methods. Larval fish were extracted from samples and placed in vials
containing 70% alcohol. Larvae were identified to family when possible and enumerated.
Damaged individuals that could not be identified were classified as unknown.

Changes in larval fish sampling protocols from 2001. Three sampling protocols were
changed between 2001 (first year of the project) and 2002. First, the maximum number of
replicates was increased from three (2001) to five (2002) for the Milk River, Yellowstone River,
and Missouri River sites located near Wolf Point and Nohly. At the site downstream from the
dam, the number of replicates was increased from two (2001) to three (2002). The number of
replicates in the spillway channel was not increased because there are only two pools. Second,
sample duration was decreased from a maximum of 15 min (2001) to 10 min (2002). Thus,
although maximum sample duration was reduced in 2002, an increase in the number of replicates
actually increased the total sampling time (see Results). Third, larval fish sampling extended to
the first week of August in 2002; whereas, larval fish sampling was concluded the last week of
July in 2001.

Monitoring Component 5 — Food habits of piscivorous fishes

Potential piscivores including walleye Stizostedion vitreum, sauger S. canadense,
northern pike Esox lucius, burbot Lota lota, goldeye Hiodon alosoides, channel catfish Ictalurus
punctatus, freshwater drum Aploninotus grunniens, and shovelnose sturgeon were sampled in the
Missouri River between Wolf Point and Nohly (Figure 1). Fishes were sampled during July and
August 2002 in off-channel habitats (e.g., tributaries, tributary confluences, backwaters, side
channels) and main channel habitats (e.g., outside bend shoreline and thalweg, inside bend
shoreline and channel border, channel crossovers) using stationary gill nets, drifting trammel
nets, hoop nets, and electrofishing. Gill nets and hoop nets were usually set in late afternoon or
evening and checked the following morning, but in some instances both gear types were left in a
location throughout the day and periodically checked. Fishes were identified, weighed (g), and
measured (mm).

Stomach samples were obtained in one of two ways. First, the entire stomach was
removed via dissection and placed in a 10% formalin solution for storage. In the case of large
stomachs, a slit was made in the stomach wall to facilitate formalin seepage into the stomach.
The second method of stomach sampling involved the use of gastric lavage. The lavage
apparatus consisted of a 12-V bilge pump connected to plastic hose. With the bilge pump
operating and the fish held in a slightly inverted position, the hose was inserted down the
esophagus of the fish and into the fish stomach. Running water flushed contents of the stomach
into a sieve held under the fish mouth and gills. Stomach contents were rinsed from the sieve
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into a 10% formalin solution and stored. The lavage was used on sauger sampled to minimize
mortality because sauger are listed as a species of special concern in Montana.

In the laboratory, stomach contents were initially identified to Class. Diet organisms
were subsequently identified to Order (for Insecta) and to species (for Osteichthyes) when
possible. Diet items that could not be identified beyond Insecta and Osteichthyes were
designated as unknown for the Class. Diet items were also classified as detritus (e.g., woody
debris, algae) and miscellaneous (e.g., sand, rocks). Diet items were enumerated and weighed
for the lowest taxon identified. Wet weights (0.001 g) were measured after the diet items were
blotted on paper towels to remove excess water. Body fragments were used to enumerate
organisms. For example, the presence of a head capsule or partial body fragment was treated as
indicative of a whole organism. For Osteichthyes, fish scales, bones or the presence of other
body parts was treated as indicative that a whole organism was ingested.

Food habits data were summarized by three indices. Frequency of occurrence (%) was
calculated as the number of individuals containing the specific food item/number of stomachs
containing food. Numerical frequency (%) was computed as the total number of taxon-specific
food items/total number of all food items. Weight frequency (%) was computed as the total
weight of a taxon-specific food item/total weight of all food items.

Results and Discussion

Monitoring Component 1 - Water temperature and turbidity

General comments on water temperature loggers. Of the 38 water temperature loggers
deployed during 2002, eight (21%) were not recovered. These included all three loggers
deployed at Poplar, single loggers deployed in the Poplar River and Redwater River, one logger
deployed at Culbertson, and two loggers deployed at Nohly. Excessive sedimentation and
accumulation of woody debris prevented these loggers from being retrieved. With the exception
of the Poplar site, at least one logger was recovered from Culbertson and Nohly thereby
providing water temperature data at these sites. On September 5, it was observed that the water
temperature logger in the Yellowstone River was in less than 15 cm of water. Subsequent
checks of the data indicated large diel variations in water temperature during August and the first
few days of September. These large dicl variations most likely resulted from diel variations in
air temperature rather than water temperature. Data for August was “corrected” by replacing the
suspect temperature logger data with hourly water temperature data recorded by the Yellowstone
turbidity logger located just downstream from the temperature logger.

Pre- and post-deployment assessments of water temperature logger precision. A total of
36 loggers was assessed for precision during the pre-deployment tests (Table 3). For all water
temperature treatments during pre-deployment tests, the temperature range (i.e., maximum
recorded temperature minus minimum recorded temperature) was narrow (< 0.66°C; Table 3)
indicating that precision of the loggers was good. For the post-deployment tests, only 26 loggers
were screened for precision due to exclusion of loggers that were not recovered at the end of the
deployment period. Post-deployment assessments of precision indicated that precision of the
water temperature loggers remained good as evidenced by a narrow temperature range (<
0.71°C) for all treatment temperatures (Table 3). Pre- and post-deployment comparisons
indicated there was no significant difference (F = 0.46, P = 0.64, df = 2, 24) in water temperature
range (i.e., precision) among the cold (mean = 0.53°C), cool (mean = 0.51°C), and warm
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(0.55°C) water temperature treatments. Thus, pre- and post-deployment precision was consistent
among the different water temperature freatments. However, the range differed significantly
between the pre- and post-deployment tests (F = 4.86, P = 0.04, df = 1, 24). Pooled across water
temperature treatments, the range was significantly greater for the post-deployment tests (mean =
0.56°C) than the pre-deployment tests (mean = 0.50°C). These results suggest some “drift” of
precision following deployment in the field. However, the difference in precision between pre-
and post-deployment tests was minimal (0.06°C) suggesting that the quality of water temperature
data recorded by the loggers was still good. There was no significant ANOVA interaction term
(P =0.39). Results from the pre- and post-deployment tests suggest that the water temperature
data recorded by the loggers at all sites during 2002 accurately depicted thermal conditions in the
riverine areas.

Lateral and vertical comparisons of water temperature. There were 11 sites where water
temperature loggers were positioned on the north and south banks, and stratified in the water
column (Table 1). However, comparisons of water temperature among north bank, south bank,
and stratified locations could only be conducted at nine sites due to the loss of loggers at the
Poplar and Nohly. At the site located just downstream from Fort Peck Dam, there was no
significant difference in water temperature between the north and south bank locations (Table 4).
At the Nickels Ferry site, water temperature was significantly greater on the north bank and
stratified location than on the south bank. The stratified logger at Nickels Ferry was positioned
on the north bank along with the north bank logger. Lack of a significant difference between
stratified and north bank logger indicates homeothermal conditions through the water column.
Significant differences in water temperature occurred at the Nickels Rapids site where water
temperature was greatest on the north bank and stratified location and least on the south bank.
At the Nickels Rapids site, the stratified logger was positioned on the south bank along with the
south bank logger. Lack of a significant difference between stratified and south bank logger
indicates homeothermal conditions through the water column. No significant differences in
water temperature among logger locations occurred at the Frazer Pump site, Frazer Rapids site,
Grand Champs site, or Culbertson Site (Table 4). Similar to the Nickels Ferry and Nickels
Rapids site, lack of significant differences in water temperature between stratified and either
north or south bank locations at these sites indicate homeothermal conditions in the water
column. At the site located downstream from the Yellowstone River, water temperature was
significantly greater at the stratified and south bank locations than at the north bank location.
However, there 1s some indication that water temperatures recorded by the north bank logger at
this site were not representative of “true” water temperatures. For example, mean water
temperature was higher at Nohly than at the north bank logger located downstream from the
Yellowstone River. One would expect that water temperature at this site should be at least equal
to or greater than water temperatures recorded at Nohly. Based on this consideration, the logger
located on the north bank downstream from the Yellowstone River was likely recording slightly
cooler ground water seepage than ambient river temperatures. Similar to the other sites, there
was no significant difference between the stratified logger positioned on the south bank and the
south bank logger located at the site downstream from the Yellowstone River.
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Table 3. Pre- and post-deployment summary statistics for water temperature comparisons among
YSI Model 85 meter (YSI), hand-held alcohol thermometer (Alcohol), and water temperature
loggers in common water bath treatments.

Logger Logger Logger Logger Logger Number of

Sample YSI Alcohol mean minimum maximum range SD loggers
Pre-deployment
1 17.8 18.0 17.6 17.3 - 17.8 0.45 0.10 36
2 179 18.0 17.7 17.5 - 179 0.44 0.10 36
3 18.0 18.0 17.7 17.5 17.9 045 0.10 36
4 18.0 18.0 17.8 17.6 18.1 0.49 0.10 36
5 18.0 18.0 17.9 17.6 18.1 0.44 0.09 36
6 3.1 3.0 3.0 2.8 3.2 0.41 0.10 36
7 3.2 3.0 3.1 2.8 34 0.55 0.11 36
8 33 3.0 3.3 3.0 3.6 0.55 0.11 36
9 33 3.0 3.2 3.0 3.6 0.55 0.11 36
10 3.4 3.0 34 3.2 3.6 0.43 0.10 36
11 25.0 24.0 251 24.8 254 0.66 0.13 36
12 23.8 23.0 239 23.6 242 0.65 0.13 36
13 22.9 23.0 22.9 22.7 23.2 0.46 0.10 36
14 21.9 22.0 221 21.9 223 0.47 0.11 36
15 21.4 21.0 21.5 21.2 21.7 0.46 0.11 36
Post-deployment
1 7.2 6.9 7.5 0.55 0.11 26
2 7.2 6.9 7.5 0.55 0.10 26
3 7.3 7.1 7.6 0.55 0.12 26
4 7.5 7.2 7.6 0.43 0.09 26
5 8.1 8.0 7.6 7.2 7.9 0.71 0.16 26
6 20.9 22.0 21.7 21.4 22.0 0.64 0.13 26
7 21.2 20.9 21.5 0.63 0.12 26
8 20.8 20.6 21.0 0.46 0.12 26
9 20.4 20.1 20.7 0.61 0.13 26
10 20.2 19.9 20.4 0.45 0.12 26
11 185 18.3 18.7 0.45 0.12 26
12 18.5 18.1 18.7 0.61 0.13 26
13 18.5 18.1 18.7 0.61 0.13 26
14 18.5 18.1 187  0.60 0.13 26
15 18.6 18.0 18.5 18.1 18.7 0.60 0.13 26
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Table 4. Summary statistics and probability values (P, from ANOVA or t-tests) for comparisons
of mean daily water temperature (°C) among water temperature loggers located on the north bank
and south bank, and stratified in the water column during 2002. Means with the same superscript
within sites are not significantly different (P > 0.05). Inclusive dates for comparisons at all sites
are 5/11/02-10/20/02 (163 days).

Logger
Site location Mean SD Minimum Maximum P
Below Fort Peck Dam ‘North 12.0% 23 58 15.5 0.53
South 11.8% 2.2 58 153
Nickels Ferry North 13.2% 3.0 6.1 21.7 0.0007
South 12.2° 23 6.1 15.8
Stratified 13.2% 3.0 6.1 21.8
Nickels Rapids North 13.0° 2.7 6.4 19.7 0.02
South 12.3° 2.3 6.3 16.0
Stratified 124* 23 6.3 16.1
Frazer Pump North 13.1° 2.7 7.0 18.9 0.11
South 12.6° 2.4 6.7 16.5
Stratified 13.1° 2.7 6.9 18.9
Frazer Rapids North 12.72 2.6 6.6 18.0 0.53
South 12.8% 24 6.8 16.7
Grand Champs North 13.0° 2.5 7.1 18.0 0.94
South 13.1% 2.5 7.4 17.0
Stratified 13.1% 2.5 7.4 16.9
Wolf Point North 14.4% 29 9.1 19.2 0.75
South 14.6* 3.3 7.9 19.8
Culbertson North 16.2° 4.1 8.1 234 0.80
Stratified 1632 4.6 7.1 24.5
Nohly North 16.7 4.8 6.7 25.4 _
Below Yellowstone River North 15.8° 3.8 6.5 21.6 0.0001
South 17.8% 5.1 6.7 27.2
Stratified 1792 5.2 6.7 27.3
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Influence of tributary inflows on water temperature. Lateral differences in water
temperature at some sites suggested that tributary inflows differentially influenced water
temperatures on north and south bank locations due to incomplete lateral mixing. During 2002,
the Milk River exhibited periods of increasing and decreasing flows between mid- and late-June,
and during late August. During these time frames, water temperatures on the north bank of the
river at Nickels Ferry, Nickels Rapids, Frazer Pump, Frazer Rapids, and Grand Champs
increased and decreased with Milk River flows; whereas, water temperatures on the south bank
of the river remained relatively stable (Figures 2, 3, 4). The influence of Milk River discharge
on lateral differences in water temperature is also demonstrated by significant positive
correlations between the difference in mean daily water temperature between the north and south
banks (north bank minus south bank) and Milk River discharge at Nickels Ferry (r=0.85, P <
0.0001, N = 90), Nickels Rapids (r=0.83, P < 0.0001, N = 90), Frazer Pump (r=0.79, P <
0.0001, N = 90), Frazer Rapids (r = 0.81, P < 0.0001, N = 90), and Grand Champs (r = 0.84, P <
0.0001, N =90). The maximum difference in water temperature between the north and south
banks decreased from upstream to downstream and was 8.1°C at Nickels Ferry, 5.5°C at Nickels
Rapids, 3.5°C at Frazer Pump, 1.8°C at Frazer Rapids, and 1.1°C at Grand Champs (Figures 2, 3,
4). Thus, lateral mixing of Milk River water and Missouri River water discharged through Fort
Peck Dam was nearly complete at the Grand Champs site.

Earlier studies in the Missouri River downstream from Fort Peck have evaluated lateral
variations in water temperature resulting from Milk River discharge inputs. Braaten and Fuller
(2002) found that mean daily water temperature did not differ significantly between north and
south bank locations for the time period spanning early May through October; however, there
were specific instances when bank locations deviated in water temperature as a result of warm
discharge inputs from the Milk River. Gardner and Stewart (1987) and Yerk and Baxter (2001)
similarly showed that warm inputs from the Milk River differentially affected lateral water
temperatures, but the effects are most pronounced in spring and early summer when Milk River
discharge is high.
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Figure 2. Water temperature profiles and discharge for the Milk River, and water temperatures
profiles for the Missouri River at Nickels Ferry and Nickels Rapids during 2002.
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Figure 3. Water temperature profiles and discharge for the Milk River, and water temperatures
profiles for the Missouri River at Frazer Pump and Frazer Rapids during 2002.
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Figure 4. Water temperature profiles and discharge for the Milk River, and water temperatures
profiles for the Missouri River at Grand Champs during 2002.
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Longitudinal water temperature patterns. Daily water temperature for all sites was
averaged across north bank, south bank, and stratified locations to depict average thermal
conditions in the river. Mean water temperature for the common deployment period (5/11/02-
10/20/02) differed significantly among the 11 Missouri River mainstem sites and three off-
channel locations (ANOVA, F = 64.35, df =13, 2,268, P < 0.0001; Table 5, Figure 5). Mean
daily water temperature for Missouri River mainstem sites was greatest at the Robinson Bridge
site (17.9°C) located in the free-flowing reach of the Missouri River upstream from Fort Peck
Lake and in the Missouri River downstream from the Yellowstone River (17.9°C). The lowest
mean daily water temperature occurred at the site just downstream from Fort Peck Dam (11.9°C).
Mean daily water temperature increased downstream from Fort Peck Dam, and was 16.7°C at the
Nohly site. Daily water temperature at the Missouri River mainstem locations was most variable
in the Missouri River below the Yellowstone River confluence (CV = 28.8) and at Nohly (CV =
28.7), but least variable just downstream from Fort Peck Dam (CV = 11.9; Table 5). The
USFWS (2000) mandated that a minimum water temperature of 18°C be established and
maintained at Frazer Rapids (rkm 2,811; RM 1,746) via the spillway releases. During 2002, a
mean daily water temperature of 18.0°C occurred on one date (June 29) on the north bank of the
river at Frazer Rapids (Table 4). However, mean daily water temperature for the site on June 29
was 17.1°C when cooler water on the south bank of the river was included in the mean daily
temperature calculations (Figure 5). In the absence of spillway releases, water temperature in
2001 did not reach 18°C at Frazer Rapids (Braaten and Fuller 2002). In 2000, Yerk and Baxter
(2001) similarly showed that the maximum mean daily water temperature at Frazer Rapids
slightly exceeded 17.0°C in mid-July. .

For off-channel locations, mean daily water temperature between 5/11/02-10/20/02 was
highest in the Yellowstone River (18.4 °C) and Milk River (18.0°C; Table 5). The Yellowstone
River exhibited the highest variability in daily water temperatures (CV = 29.3) during the time
interval.

Inter-annual comparisons of mean daily water temperature within sites. Comparisons of
mean daily water temperature between 2001 and 2002 for dates spanning 5/17-10/9 indicated
that 2002 was significantly cooler than 2001 at most sites (Table 6). In the free-flowing
Missouri River upstream from Fort Peck Lake, water temperature averaged 1.4°C warmer in
2001. Eight of nine mainstem Missouri River sites between Fort Peck Dam and the Yellowstone
River confluence averaged 0.6-1.5°C warmer in 2001 than 2002. The Nickels Ferry site (located
just downstream from the Milk River confluence) was the only site between Fort Peck Dam and
the Yellowstone River where water temperature was not statistically different between years
(Table 6). Water temperature in the Milk River did not differ significantly between 2001. No
significant differences in mean daily water temperatures were found between years in the
Yellowstone River or in the Missouri River downstream from the Yellowstone River confluence
(Table 6). .

Mean daily air temperatures were obtained from the National Weather Service in
Glasgow, MT to assess water temperature regimes during 2001 and 2002 in the context of air
temperatures. For dates spanning May 1 through October 31 (N = 184 days), mean daily air
temperature was significantly higher (t-test, t = 2.54, P = 0.01) in 2001 (mean = 16.5°C) than
2002 (mean = 14.5°C). These results corroborate findings from the water temperature analysis;
however, between-year differences in air temperature (2.0°C) were slightly greater than between-
differences in water temperature (0.6-1.5°C).
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Table 5. Daily water temperature (°C) summary statistics (mean; minimum; maximum; standard

deviation, SD; coefficient of variation, CV) for Missouri River mainstem locations and off-

channel locations in 2002. Summary statistics for all sites were calculated for common

deployment dates (5/11/02-10/20/02, N = 163 days) to standardize comparisons among all

loggers. See Figure 5 for a graphical representation of daily water temperatures. Means with the

same superscript are not significantly different (P > 0.05).

Location Site Mean Minimum Maximum Sb CV

Missouri River Robinson Bridge 17.9* 8.5 26.7 47 265

mainstem
Below Fort Peck Dam 1198 5.8 15.4 23 189
Nickel Ferry 1298 6.2 19.1 2.7 209
Nickels Rapids 12.6 & 6.4 16.1 24 192
Frazer Pump 129¢ 6.9 17.9 26 199
Frazer Rapids 12,88 6.7 17.1 25 195
Grand Champs 131" 7.3 17.3 25 193
Wolf Point 14.5 9.0 19.4 3.1 213
Culbertson 16.3 4 7.6 23.9 43 266
Nohly 16.7 °¢ 6.7 25.4 48 287
Below Yellowstone 17.9%° 6.7 273 52 288
River

Off-channel or  Spillway 15.1 %¢ 7.4 20.0 3.1 206

tributary
Milk River 18.0%° 6.5 26.9 5.1 285
Yellowstone River 184°% 6.9 27.9 54 293
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Figure 5. Mean daily water temperature (°C) at 11 sites on the mainstem Missouri River during
2002.
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Table 6. Summary statistics (mean, °C; standard deviation, SD; number of days, N; Probability
value, P) for comparisons of mean daily water temperature between 2001 and 2002 at mainstem
Missouri River sites and off-channel sites. Common dates for both years are 5/17-10/9. P-
values denoted by an asterisk indicate t-test comparisons based on unequal variances.

Site Year Mean SD N P
Missouri River above Fort 2001 20.1 3.7 146 0.002
Peck Lake
2002 18.7 42 146
Below Fort Peck Dam 2001 13.0 1.5 146 <0.0001*
) 2002 12.2 2.0 146
Spillway 2001 18.4 3.0 146 < 0.0001
2002 15.7 2.7 146
Milk River 2001 19.1 3.8 146 0.59*
' 2002 18.9 4.5 146 :
Nickels Ferry 2001 13.4 1.8 146 0.55%
2002 13.2 2.5 146
Nickels Rapids 2001 13.5 1.7 146 0.02*
2002 12.9 2.2 146
Frazer Pump 2001 13.9 1.8 146 0.03*
: 2002 13.3 2.3 146
Frazer Rapids 2001 13.8 1.84 146 0.005*
2002 13.1 2.3 146
Grand Champs 2001 14.4 2.0 146 0.0006
2002 13.5 2.3 146
Wolf Point 2001 16.5 3.1 146 <0.0001
2002 15.0 2.8 146
Culbertson 2001 17.9 3.5 146 0.04
2002 17.0 3.9 146
Nohly 2001 18.9 3.8 146 0.005
2002 17.5 43 146
Yellowstone River 2001 19.3 4.2 146 0.96
2002 19.3 4.8 146
Below Yellowstone River 2001 19.4 4.1 146 0.22
2002 18.8 4.5 146
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General comments on turbidity loggers. Two of four turbidity loggers deployed during
2002 malfunctioned during the deployment period. The turbidity logger deployed at Frazer
Rapids functioned only between 5/28/02 and 6/3/02. The turbidity logger deployed near Poplar
functioned only between 5/14/02 and 5/27/02. Thus, these loggers provided minimal turbidity
data. However, turbidity loggers deployed in the Missouri River near Nohly (5/29/02-8/28/02)
and in the Yellowstone River (5/31/02-8/31/02) functioned properly and logged hourly turbidity
throughout the deployment period.

Precision of turbidity loggers. Measurements of turbidity obtained near the Nohly
turbidity logger and Yellowstone turbidity logger during larval fish sampling facilitated an
evaluation of turbidity logger performance during the deployment period. Mean turbidity from
the turbidity loggers and larval fish sampling sites did not differ significantly at Nohly (t-test, t =
0.30, P =0.77, df = 36) and in the Yellowstone River (t-test, t = 0.43, P = 0.67, df = 34; Table 7).
Measurements of turbidity obtained from the turbidity loggers and larval fish sampling sites were
highly correlated at Nohly (r= 0.98, P < 0.0001, N = 19) and in the Yellowstone River (r = 0.98,
P <0.0001, N = 18; Figure 6).

Table 7. Statistical comparisons and summary statistics (mean; standard deviation, SD.;
minimum; maximum) for turbidity (NTU) measured at larval fish sampling locations (Hach
meter) and by the turbidity loggers at Nohly and in the Yellowstone River. Probability values
(P) are results from t-tests between instruments within sites.

Site Instrument N Mean SD Minimum  Maximum P

Nohly Hach 19 325 337 72 1000 0.77
Logger 19 294 303 14 972

Yellowstone Hach 18 380 338 61 1000 0.67
Logger 18 333 311 15 1000
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Turbidity precision, as indexed by the range of turbidity, differed significantly (F = 3.77,
P =0.04, df = 2, 26) among the post-deployment turbidity levels for the Nohly and Yellowstone
turbidity loggers (Table 8). Turbidity range was significantly greater (P < 0.05) in the high
turbidity treatments (mean = 46.2 NTU) and intermediate turbidity treatments (mean = 33.2
NTU) than in the low turbidity treatments (mean = 9.2 NTU). These results indicate that
turbidity range was not consistent among different turbidity levels. However, minimum turbidity
and maximum turbidity differed by an average of 6% for the high turbidity treatment, 8% for the
intermediate turbidity treatment, and 20% for the low turbidity treatment. Thus, although the
range differed, the two turbidity loggers exhibited relatively high precision at intermediate and
high turbidity levels.

Table 8. Post-deployment summary statistics for turbidity (NTU; mean, range, minimum,
maximum) for the Nohly and Yellowstone River turbidity loggers in common turbidity bath
samples.

Sample Mean Range Minimum Maximum
1 17.1 15.9 9.1 25.0
2 26.1 24.6 13.8 384
3 331 2.8 31.7 345
4 35.8 2.8 344 372
5 38.5 1.7 37.6 39.3
6 41.8 2.3 40.6 42.9
7 44.7 34 43.0 46.4
8 46.3 1.5 45.5 47.0
9 59.6 24.2 , 47.5 71.7
10 80.2 10.5 74.9 85.4
11 92.4 10.9 86.9 97.8
12 273.4 24.2 2601.3 285.5
13 278.2 15.8 270.3 286.1
14 287.2 17.2 278.6 295.8
15 317.7 11.3 312.0 3233
16 324.8 46.1 301.2 347.8
17 356.6 52 354.0 359.2
18 381.3 41.6 360.5 402.1
19 410.6 59.8 380.7 440.5
20 451.5 56.0 423.5 479.5
21 470.6 54.8 443.2 498.0
22 651.5 70.4 6163 686.7 -
23 708.8 76.4 670.6 747.0
24 834.2 97.5 785.4 882.9
25 884.4 125.1 821.8 946.9
26 1000 0 1000 1000
27 1000 0 1000 1000
28 1000 0 1000 1000
29 1000 ‘ 0 1000 1000
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Field turbidity measurements. Hourly turbidity recorded by the turbidity loggers at Nohly
and in the Yellowstone River varied greatly during late-May through August deployment period.
At Nohly, hourly turbidity measurements exceeded 1000 NTU (maximum value of logger) on
the following dates and number of times in a 24-hr period (in parenthesis): 6/17 (9), 6/18 (4),
6/19 (2), 6/26 (3), 6/30 (19), 7/1 (24), 7/2 (4), 8/21 (9), 8/23 (3), 8/24 (13), 8/25 (3), and 8/27 (7).
In the Yellowstone River, turbidity exceeded 1000 NTU on the following dates and number of
times in a 24-hr period (in parenthesis): 6/4 (18), 6/5 (24), 6/6 (23), 6/7 (1), 6/10 (7), 7/9 (5),
7/19 (11), 7/20 (16), and 7/21 (10). Because 1000 NTU was exceeded on specific dates,
turbidity readings that exceeded 1000 NTU were truncated to 1000 NTU for estimations of mean
daily turbidity. Truncation of turbidity data reduced the accuracy of mean daily estimates,
resulted in conservative estimates of mean daily turbidity, and precluded quantitative statistical
comparisons of spatial and temporal differences in mean daily turbidity. Nonetheless, qualitative
comparisons based on conservative turbidity estimates facilitated interpretation of spatial and
temporal turbidity trends. Spatially, mean daily turbidity between 5/31/02 and 8/27/02 was
similar in the Missouri River at Nohly (mean = 261.6, SD = 238.3, N = 89 days) and in the
Yellowstone River (mean = 255.7, SD = 244.5, N = 89 days).

Temporal patterns in mean daily turbidity varied between the Missouri River at Nohly
and in the Yellowstone River. At Nohly, daily changes in turbidity generally followed increases
or decreases in Missouri River discharge (Figure 7). The three periods of maximum turbidity
(6/18, 7/1, 8/24) occurred 1-2 days following elevated discharges at Culberston. In the
Yellowstone River, periods of elevated turbidity early in the deployment period (e.g., 6/1-7/1)
generally followed periods of elevated discharge (Figure 7); however, turbidity late in the
deployment period (7/1-8/31) exhibited elevated levels in the absence of significant increases in
discharge. '

Monitoring Component 2 — Movements by pallid sturgeon
No pallid sturgeon were found in areas immediately downstream from Fort Peck Dam.
As a consequence, no pallid sturgeon were implanted with transmitters,

27



1000 7 50000
Yellowstone turbidity
5\ 900 A Yellowstone discharge - 45000
E 800 - - 40000
700 A - 35000
g 600 1 \ - 30000
= '
i o =
= 500 \ 25000
:Zp 400 - - 20000
S 300 L 15000
o
S 200 - | - 10000
= 100 - - 5000
[T S e B S o B o S e I 0
5/1/02 6/1/02 7/1/02 8/1/02 9/1/02
1000 12000
~ 900 - Wi [\ - 11000
- L 10000
= 800 -
Z s - 9000
-E’ —— Nohly turbidity - 8000
:'9 600 - Culbertson discharge L 7000
= 500 6000
B
> 400 A - 5000
3 300 | o
= - 3000
S 200 A
= - 2000
100 - - 1000
() b T T S T e 0
5/1/02 6/1/02 7/1/02 8/1/02 9/1/02
Date

Figure 7. Mean daily turbidity (NTU; solid line) from turbidity loggers and discharge (cfs;
dashed line) in the Yellowstone River (upper panel) in the Missouri River at Nohly (lower

panel) during 2002.
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Monitoring Component 3 — Flow- and temperature-related movements of paddlefish, blue
suckers, and shovelnose sturgeon

Transmitter implantation.- Sampling throughout the study area in September 2002
resulted in the capture of 21 shovelnose sturgeon, 21 blue suckers, and 3 paddlefish suitable for
transmitter implantation (Table 9). The blue suckers and shovelnose sturgeon sampled were
captured throughout the study area spanning from near the Milk River to the Yellowstone River
confluence. The three paddlefish captured were sampled at one location downstream from Wolf
Point. Although paddlefish during fall are common in the Missouri River downstream from the
Yellowstone River confluence, the Fort Peck Project was not granted permission to implant
transmitters in paddlefish in this area. However, an additional 20 paddlefish (10 males, 10
females) were implanted with CART-32 transmitters in the Missouri River downstream from the
confluence in fall 2002 by Dr. Dennis Scarnecchia (University if Idaho). Permission has been
granted to use tracking and movement information from these individuals to augment the Fort
Peck telemetry project. Individuals implanted with transmitters in 2002 will be tracked during
2003 in conjunction with fish that were implanted with transmitters in 2001.

Table 9. Number, sex ratio (maie:female:uﬁdetennined), and length (mm) and weight (g)
metrics for blue suckers, paddlefish, and shovelnose sturgeon implanted with transmitters during
September 2002.

Species Number  Sexratio Metric Mean Minimum Maximum
Shovelnose sturgeon 21 2:18:1 Length 787 702 912
Weight 2,280 1,550 3,650
Blue sucker 21 7:9:5 Length 702 637 789
Weight 2,894 1,875 3,925
Paddlefish 3 2:0:1 Length 951 954 977

Weight 11,833 8,900 14,050

Shovelnose sturgeon.- Of the 28 shovelnose implanted in 2001, 27 individuals were
relocated in 2002. However, one individual shed the transmitter near Wolf Point in early July
after swimming upstream approximately 125 kilometers. The remaining 26 fish were manually
relocated five to 15 times (mean =11) throughout the season. The number of manual relocations
of shovelnose sturgeon during the April to November tracking season varied from 18 to 62
among months (Table 10). Manual relocations for shovelnose sturgeon during this timeframe
were augmented by 69 contacts at the logging stations (Table 10). Total movement of
shovelnose sturgeon varied between 54 km and 885 km (mean = 241 km).

The number of relocations of shovelnose sturgeon varied greatly among reaches and
months (Figure 8). In reach 1 (Fort Peck Dam to Wolf Point), the mean number of relocations
per km was similar among months. There were five fish that resided in the reach 1 for the entire
season. All these fish were implanted between Wolf Point and the Milk River. There were only
three other fish that were implanted in this reach, and all eventually migrated to the Yellowstone
River, one by early June, one by late June, and the other in early September. One of these fish
returned to reach 1 in the fall after traveling twenty miles up the Yellowstone River. The other
two remained in the Yellowstone River for the remainder of the season. Three other shovelnose
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sturgeon were found in this reach that had not been not implanted in reach 1. These included
two fish that were implanted near Culbertson.

Table 10. Monthly totals of manual relocations and telemetry logging station contacts for
shovelnose sturgeon, blue suckers, and paddlefish during 2002.

Manual Logging station Total
Species Month relocations contacts contacts
Shovelnose sturgeon  April 27 27
May 58 14 72
June 62 15 77
July 57 1 68
August 19 21 40
September 15 8 23
October 20 20
November - 18 18
Blue sucker April 13 13
May 30 16 46
June 30 17 47
July 42 11 53
August 11 9 20
September 10 14 24
October 12 5 17
November 12 12
Paddlefish - April 27 27
May 30 71 101
June 42 58 100
July 10 30 40
August 3 34 37
September 2 29 31
October 10 13 23
November 10 10

Use of reach 2 (Wolf Point to the Yellowstone River confluence) was low throughout the
study period, and there was a trend of decreasing use of reach 2 from May through July (Figure
8). Nineteen shovelnose sturgeon were originally implanted in reach 2. Nine of these fish were
found in the Yellowstone River on the first tracking run in April.. Six additional shovelnose
sturgeon were in the Yellowstone River between late April and early July. Three shovelnose
sturgeon were mentioned earlier to have moved into reach 1 before migrating to the
Yellowstone, and one shovelnose sturgeon shed the transmitter. Other than these early
relocations, the only fish found in reach 2 were migrants passing through the reach. Bramblett
and White (2001) reported the return of shovelnose that were in the Yellowstone River to this
area above the confluence in the fall; however, this event did not occur in 2002. Rather, these
individuals primarily stayed in the lower Yellowstone River (e.g., reach 4).
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Figure 8. Mean number of shovelnose sturgeon relocations per km by month in five riverine
reaches (Reach | = Missouri River between Fort Peck Dam and Wolf Point, Reach 2 = Missouri
River between Wolf Point and the Yellowstone River confluence, Reach 3 = Missouri River
from the Yellowstone River confluence to the headwaters of Lake Sakakawea, Reach 4 =
Yellowstone River from the confluence to Sidney, MT, Reach 5 = Yellowstone River from
Sidney, MT to Intake diversion dam).

There were relatively few relocations of shovelnose sturgeon in reach 3 (Yellowstone
River confluence to Highway 85). Reach 3 is only 33.6 km; therefore, a single relocation
accentuates the mean number of fish per km estimates relative to the other river reaches. The
mean number of shovelnose sturgeon per km in reach 3 increased from a minimum in June to a
maximum in August when four individual fish were found during one tracking run. However,
three of these were found immediately below the confluence (< 1km). Only one shovelnose was
found greater than 5 km downstream of the confluence.

The two reaches of the Yellowstone River generally had the highest concentration of
shovelnose sturgeon; however, the mean number of shovelnose sturgeon per km varied among
months within reaches. For example, the mean number of shovelnose sturgeon per km in reach 4
(Yellowstone River confluence to Sidney) minimally increased between May and July; whereas,
the mean number of shovelnose sturgeon per km in reach 5 (Sidney to Intake diversion dam)
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greatly increased between"May and July. In September, conductivities were unusually high,
making the signals difficult to locate. Also of interest is the decline in the number of shovelnose
sturgeon per km during August. Some of those fish moved downstream to just below the
Yellowstone River confluence, and some moved above Sidney into reach 5. Although there is
not an increase shown in reach 5 for August, we suspect that four individuals passed over the
Intake diversion dam during the period from July to August. In addition, it is likely that one
shovelnose sturgeon passed over the diversion in August. One of these fish was found later in
the fall in the Yellowstone River, one was found below intake in April 2003, and three others
have not been found. It should be mentioned that no tracking was conducted above Intake
diversion dam to confirm passage over Intake; however, the last documented locations were at or
near the diversion dam. No tracking was conducted in reach 5 during November.

Blue suckers.- Sixteen of 17 blue suckers were relocated in 2002. However, one
individual shed its tag soon after being implanted, and one shed its tag near Fairview
(Yellowstone River) in mid July after swimming over 300 km. The remaining 14 blue suckers
were manually relocated one to 15 times (mean = 12) throughout the tracking season. A total of
160 manual relocations were obtained for blue suckers between April and November, and an
additional 72 contacts were obtained from the logging stations (Table 10). Total movement of
individuals varied from 5 km to 409 km (mean = 201.5 km).

Blue suckers did not exhibit large seasonal migrations as they tended to remain close to
the riverine area in which they were implanted with transmitters. In reach 1, there was a slight
Increase in the mean number of relocations per km between June and September (Figure 9).
Three fish were originally implanted with transmitters near the Milk River, and two of these fish
did not leave this reach. One blue sucker was recorded on the Milk River logging station in July.
The third fish went down to reach 2 for the month of July, but returned to reach 1 for the
remainder of the season. One fish that was implanted near Culbertson area moved upsiream to
reach 1 soon after being implanted.

There was a slight decreasing trend in the number of blue suckers per km in reach 2
between May and September (Figure 9). Of the eight blue suckers implanted near Culbertson
(reach 2), one individual was mentioned earlier to have moved upstream, and one was found near
Williston in April and was never relocated again. We suspect this individual moved downstream
into Lake Sakakawea. One blue sucker was found in reach 3 early in the year, moved to reach 2
for a month, and moved into reach 4 prior to shedding the transmitter near Fairview. The
remaining five blue suckers implanted in reach 2 exhibited very little movement, and did not
leave the reach.

Use of the Yellowstone River (reach 4, reach 5) by blue suckers varied among months
(Figure 9). Three of the four blue suckers that were implanted at the confluence used the
Yellowstone River. Use of the Yellowstone River did not appear to be related to a spawning
migration because one fish moved up in April, one in May, and one in late June. Only one
individual was relocated in reach 5 of the Yellowstone River, and this occurred from June
through August. One blue sucker returned to reach 2 in early July while the other moved
downstream to reach 3 in the fall. The other blue sucker that was implanted at the confluence
spent the majority of time in reach 3 near Williston.
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Figure 9. Mean number of blue sucker relocations per km by month in five riverine reaches
(Reach 1 = Missouri River between Fort Peck Dam and Wolf Point, Reach 2 = Missouri River
between Wolf Point and the Yellowstone River confluence, Reach 3 = Missouri River from the
Yellowstone River confluence to the headwaters of Lake Sakakawea, Reach 4 = Yellowstone
River from the confluence to Sidney, MT, Reach 5 = Yellowstone River from Sidney, MT to
Intake diversion dam).

Paddlefish.-Transmitters from all nineteen paddlefish implanted in 2001 were relocated
in 2002. The transmitter from one paddlefish was shed near Erickson Island soon after
implantation occurred. Another paddlefish shed the transmitter in mid July near Oswego after
swimming over 450 km. These 18 fish were manually relocated four to 14 times (mean = 8).
Between April and November, a total of 134 manual relocations of paddlefish were obtained
(Table 10). An additional 235 contacts were obtained by the telemetry logging stations. Total
movement varied from 45 km to 820 km (mean = 332 km).

Paddlefish exhibited migratory patterns during the seasonal cycle (Figure 10). Ten of the
eighteen paddlefish migrated up the Yellowstone River between May 16 and June 12. Four of
these fish were relocated upstream from Sidney (reach 5) as determined from manual tracking
and contacts at the Sidney logging station (operated by the USFWS). The maximum relocation
distance upstream in the Yellowstone River was 99 km. All of these fish returned to reach 4
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between June 5 and July 11. One paddlefish utilized the Missouri River and Yellowstone River,
two paddlefish remained in reach 3, and the remaining five paddlefish migrated upstream the
Missouri River into reaches | and 2. These individuals initiated migrations up the Missouri
River between May 6 and June 14. Two of the five paddlefish migrated into the Milk River in
mid- to late-June, and re-entered the Missouri River on July 6 and 8. Four fish returned to reach
3 between June 13 and August 16. One paddlefish shed the transmitter around July 15 near
Oswego (within reach 1; Figure 1).

After the spring migrations, 11 paddlefish returned to the Erickson Island area (reach 3).
These individuals were subsequently relocated several times during the fall in this area. The four
paddlefish fish that used reach 1 and reach 2 of the Missouri River were not relocated in the
Erickson Island area. Rather, logging stations data indicated that these individuals moved
downstream below Williston.
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Figure 10. Mean number of paddlefish relocations per km by month in five riverine reaches
(Reach 1 = Missouri River between Fort Peck Dam and Wolf Point, Reach 2 = Missouri River
between Wolf Point and the Yellowstone River confluence, Reach 3 = Missouri River from the
Yellowstone River confluence to the headwaters of Lake Sakakawea, Reach 4 = Yellowstone
River from the confluence to Sidney, MT, Reach 5 = Yellowstone River from Sidney, MT to
Intake diversion dam).
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Monitoring Component 4 — Larval Fish

Larval fish were sampled on 21 individual sampling events between May 21 and August
2. However, three sites (spillway channel, Milk River, site downstream from the dam) were not
sampled during one sampling event (May 31) due to equipment breakdown. The larval fish
sampling regime resulted in a total of 1,965 larval fish subsamples (222 samples at the site just
downstream from Fort Peck Dam, 156 samples in the spillway, 368 samples in the Milk River,
409 samples at Wolf Point, 414 samples at Nohly, 396 samples in the Yellowstone River). The
volume of water sampled could not be estimated for six samples. Mean volume of water
sampled per subsample was 61.9 m® at the site downstream from Fort Peck Dam (total = 13,740
m?), 21.4 m® in the spillway (total = 3,342 m’), 73.8 m’ in the Milk River (total = 27,164 m’),
74.3 m® at Wolf Point (total = 30,406 m>), 63.5 m> at Nohly (total = 26,034 m°), and 45.4 m® in
the Yellowstone River (total = 17,887 m°).

Relative abundance of larval fishes and eggs. A total of 41,768 larvae representing ten
families were sampled from all sites during 2002, and nearly 77% of the larvae were sampled in
the Milk River (Table 11). Catostomidae (suckers) and Cyprinidae (minnows and carps) were
sampled at all sites. Two families (Hiodontidae, exclusively goldeye; Percidae, perches) were
sampled at all sites except the site downstream from Fort Peck Dam. Polyodontidae (exclusively
paddlefish) were sampled in the Milk River, Yellowstone River, and in the Missouri River

Table 11. Number (N) and frequency (%) of larval fishes, and numbers of juveniles, adults, and
eggs sampled at six sites during 2002. T = less than 0.1%.

Below :
Fort Peck Yellowstone
Dam Spillway  Milk River ~ Wolf Point Nohly River
Taxon N % N % N % N % N % N %
Acipenseridae 5 T 9 0.7
Catostomidae 158 93.5 291 879 25,601 79.9 5915 87.8 476 431 605 440
Centrarchidae 2 0.2
Cyprinidae 4 24 12 36 4447 139 363 54 118 107 469 34.1
Hiodontidae 3 09 818 2.6 67 1.0 101 9.1 175 12.7
Ictaluridae 8 T ' 3 0.2
Percidae 2 06 1 T 240 3.6 326 295 22 1.6
Polyodontidae 7 T 27 04 14 1.3 34 2.5
Salmonidae 3 1.8 14 0.2 33 3.2
Sciaenidae 4 1.2 1,142 3.6 93 14 23 2.1
Unknown 4 24 19 57 27 T 13 0.2 9 0.8 59 43
Total larvae 169 331 32,051 6,737 . 1,104 1,376

Juveniles 3 413 12 5
Adults 4 9 347 2 2 1
Sturgeon/ 1 4
paddlefish
eggs
Unknown 333 33 4,461 2,425 1,965 5,838
eggs ' ‘
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at Wolf Point and Nohly. "Sciaenidac (exclusively freshwater drum) were identified from four
sites (spillway, Milk River, Wolf Point, Nohly). Salmonidae were sampled at Wolf Point,
Nohly, and at the site downstream from Fort Peck Dam. Families minimally represented in the
samples included Ictaluridae (catfishes) that were sampled only in the Milk River and
Yellowstone River, and Acipenseridae (sturgeons) that were found only at Wolf Point and in the
Yellowstone River. Centrarchidae (sunfishes) were sampled only at Nohly. Excluding larvae
that could not be definitively identified, the greatest number of families occurred in the Missouri
River at Wolf Point (8 families) and Nohly (8 families). Seven families were identified from
samples in the Milk River and Yellowstone River. The least number of families occurred in the
spillway (5 families) and at the site downstream from Fort Peck Dam (3).

Composition of the larval fishes sampled in 2002 varied among taxa and sites (Table 11).
Nearly 98% of larval fishes sampled were represented by Catostomidae (79.1%), Cyprinidae
(13.0%), Sciaenidae (3.0%), and Hiodontidae (2.8%). Whereas Catostomidae was the dominant
taxon sampled, the proportion of catostomids varied among sites. Catostomids comprised
greater than 79% of the fish community at the site downstream from Fort Peck Dam, in the
spillway channel, in the Milk River, and at Wolf Point, but the proportion of the community
comprised of catostomids decreased to 43% at Nohly and 44% in the Yellowstone River. The
majority of larval cyprinids (primarily common carp Cyprinus carpio) were sampled in the Milk
River (82.2%) and at Wolf Point (6.7%). Similarly, of the 1,262 larval freshwater drum
sampled, 90.5% were sampled in the Milk River and 7.4% at Wolf Point. The majority of larval
goldeye (70.3%) were sampled in the Milk River, but goldeye were also common in the
Yellowstone River (15.0%) and at Nohly (8.7%). The majority of larval percids (primarily
Stizostedion sp.) were sampled at Nohly (55.2%) and Wolf Point (40.6%). Of the 82 larval
paddlefish sampled, 41.5% were sampled in the Yellowstone River, 32.9% at Wolf Point, 17.1%
at Nohly, and 8.5% in the Milk River. The 14 larval sturgeon sampled in 2002 were distributed
between Wolf Point (35.7%) and the Yellowstone River (64.3%).

Spatial and temporal periodicity and densities of Acipenseridae and Polyodontidae
larvae. Larval sturgeon were not sampled in the Milk River during 2002, but seven larval
paddlefish were collected (Table 12). Collections of larval paddlefish in the drift occurred on
June 25 and July 8, and mean densities were less than 0.50 larvae/100 m® (Table 12). No larval
sturgeon were sampled from the Milk River in 2001, and only one paddlefish larvac was sampled
from the Milk River in 2001 (Juty 2; Braaten and Fuller 2002).

Table 12, Number sampled, mean density (mean; number/100 m’), median density (median),
minimum density (min.), and maximum density (max.) of paddlefish larvae sampled by date in
the Milk River.

Date 2002

May June . July Aug
Metric 21 28 3 6 10 13 17 20 25 28 1 3 8 12 15 19 22 26 29 2
Number 2 5
sarmpled
Mean 0.50 0.29
Median 0 0.31
Min ' 0 0

Max 1.35 0.57
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Samples of larval fishes at Wolf Point included sturgeon and paddlefish (Table 13). First
collect1ons of larval sturgeon at Wolf Point occurred on July 15 (mean density = 0.06 larvae/100
m®). Larval sturgeon were also sampled on July 18 and August 2, but mean density was low (<
0.20 sturgeon/100 m?). Collections of larval paddlefish (27 total) were distributed between early
and late sampling dates. Mean density varied from 0.13 larvae/100 m’ to 0.46 larvae/100 m’
during June 24-July 5, and from 0.20 larvae/100 m® to 0.35 larvae/100 m* during July 15-July
25. Braaten and Fuller (2002) found six larval sturgeon at Wolf Point in 2001, and these were
sampled on July 17 (1), July 19 (2), and July 24 (3). A total of eight larval paddleﬁsh were
sampled in 2001, and these were collected on June 19 (2), June 22 (1), June 26 (2), June 28 (2),
and July t1 (1).

Table 13. Number sampled, mean density (mean; number/100 m®), median density (median),
minimum density (min.), and maximum density (max.) of larval sturgeon (Scaphirhynchus sp.)
and larval paddlefish sampled by date in the Missouri River at Wolf Point.

Date 2002
May July Aug
Metric 21[28|313|7|10|14|18|21]24]27 1 ] s | s8] 15 |18 |22] 25 |29/ 2
Scaphirkynchus sp.
Number : 1 1 3
sampled
Mean 0.06 | 0.07 0.19
Median 0 0 0
Min 0 0 0
Max 032 | 035 0.60
Paddlefish
Number 2 6 6 2 4 3 4
sampled
Mean ‘ 013 | 043 | 046 | 017 4.27 | 020 035
Median 0 | 0317037 0 028 O 0
Min 0 0 0 0 0 0 0
Max 035] 144 | 1.11 | 0.83 0.71 | 1.02 1.39

Larval sturgeon were not sampled in the Missouri River at Nohly during 2002, but 14
paddlefish larval were sampled between July 2 and July 16 (Table 14). Mean density varied
from 0.14 larvae/100 m? to 0.35 larvae/100 m®. During 2001, Braaten and Fuller (2002) sampled
ten larval sturgeon at Nohly on June 21 (1), June 28 (1), July 10 (2), July 13 (2), July 18 (1), July
24 (1), and July 25 (2). Only four larval paddlefish were sampled in 2001 and these were
collected on June 28 (3) and July 25 (1).

Table 14. Total number (number), mean density (mean; number/100 m?), median density
(median), minimum density (min.), and maximum density (max. ) of paddlefish larvae sampled
by date in the Missouri River at Nohly.

Date 2002
May June July Aug
Metric |22 |29 |31 |46 12418 ]20[26 | 28] 2 ] s | 9 | 11m]16]18)23]26]30] 1
Paddlefish

Number 4 4 2 2 2

sarmpled

Mean 035|034 | 0.19 014 | 0.14

Median (.38 0 0 0 G

Min 0 0 0 ¢ 0

Max 0.99 | 090 | 0.93 | 0.69 | 0.68
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Larval fish samples from the Yellowstone River yielded a total of 9 larval sturgeon and
34 larval paddlefish (Table 15). Sturgeon larvae were sampled on three dates (June 28, July 5,
July 9), and mean density varied from 0.09 larvae/100 m® to 0.64 larvae/100 m’. Larval
paddlefish were sampled nearly continucusly from their first occurrence in the drift on June 6 to
the last occurrence in the drift on July 5. Mean densities of larval paddlefish varied from 0.19
larvae/100 m® (June 28) to 1.48 larvae/100 m’ (June 20). A total of eight larval sturgeon were
sampled in the Yellowstone River during 2002 (Braaten and Fuller 2002), and these were found
on June 25 (2), June 28 (1), July 3 (1), July 6 (2), July 17 (1), and July 25 (1). Twenty-three
paddlefish were sampled from the Yellowstone River during 2001 (Braaten and Fuller 2002).
Individuals during 2001 were sampled on May 29 (4), May 31 (2), June 12 (2), June 15 (2), June
18 (1), June 21 (1), June 25 (10}, and July 25 (1).

Table 15. Total number (number), mean density (mean; number/100 m’), median density
(median), minimum density (min.), and maximum density (max.) of larval sturgeon
(Scaphirhynchus sp.) and larval paddlefish sampled by date in the Yellowstone River.

Date 2002
May June July Aug
Meric | 22129 |31({4] 6 | 12 | 14 | 18 | 20 | 26 | 28 |2| 5 | o |11 |16 18|23 [26]30] 1
Scaphirkynchus sp.
Number 2 6 1
sampled
Mean 0.14 0.64 | 0.09
Median 0 0.66 0
Min 0 0 0
Max 0.40 1.37 | 047
Paddlefish
Number 1 3 3 5 1 3 3 5
sampled
Mean . 0250551033 | 079 | 148 | 041 | 0.19 046
Median 0 0 0 070 | 1.59 | 0.54 | 0.30 0
Min 0 ¢ 0 0 0.60 0 0 0
Max . 124 1 277 [ 163 | 221 [ 192 ] 0.80 | 0.34 1.82

Larval nets fished on the bottom tended to sample a greater number of larval sturgeon
and larval paddlefish than nets fished in the mid-water column. Of the 14 larval sturgeon
sampled during 2002, 9 larvae (64.3%) were sampled in larval nets fished on the bottom.
Excluding Milk River samples that were fished exclusively on the surface, 47 larval paddlefish
(62.7%) were sampled in larval nets fished on the bottom. In addition to larvae, five
sturgeon/paddlefish eggs were sampled during 2002; these were collected at Wolf Point (July 18,
N = 1) and m the Yellowstone River (June 12, N =1; June 18, N-=1; June 26, N=1; July 2, N =
1). Braaten and Fuller (2002) reported that 70.8% of the larval sturgeon sampled in 2001 were
collected in bottom samples. About 62% of the larval paddlefish sampled in 2001 were obiained
from bottom samples.
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Spatial and temporal periodicity and densities of larval fishes exclusive of Acipenseridae
and Polyodontidae. Mean density of larval fishes at the site downstream from Fort Peck Dam
varied between 0 and 4.7 larvae/100 m® among sampling periods (Figure 11). Maximum
densities of larvae occurred on July 3 (mean = 4.27 larvae/100 m®) and July 12 (mean = 4.7
larvae/100 m’) when catostomids averaged greater than 94% of the larvae densities. Salmonids
comprised 100% of the larval fish densities on May 21 (mean 1.07 larvae/100 m®) and June 6
(mean = 0.12 larvae/100 m®). Cyprinids (exclusively common carp) were sampled on two dates
(July 15, July 22), but at low densities (mean < 0.44 larvae/100 m*).
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- Figure 11. Mean density (number/100 m®) by date of all larval fishes (Total), Catostomidae,
Cyprinidae, and Salmonidae sampled in the Missouri River at the site downstream from Fort
Peck Dam during 2002.

39



In the spillway channel, mean density of larval fishes varied from 0 larvae/100 m’ to 74
larvae/100 m® (Figure 12). Mean density was low through late June (< 18 larvae/100 m"),
peaked on July 1 as catostomids comprised greater than 98% of the larval fishes sampled, then
declined through the beginning of August. Mean density of larval Cyprinidae, Hiodontidae,
Percidae , and Sciaenidae were low (< 4.0 larvae/100 m’) throughout the sampling period.
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Figure 12. Mean density (number/100 m®) by date of all larval fishes (Total), Catostomidae,
Cyprinidae, Hiodontidae, Percidae, and Sciaenidae sampled in the Fort Peck spillway channel
during 2002.
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Composition and densities of larval fishes in the Milk River exhibited pronounced
temporal variations (Figure 13). Densities of all taxa were low (< 27 larvae/100 m®) through
June 20. Mean density increased substantially to 3,673 larvae/100 m® on June 25 when
catostomids (mean density = 3,205 larvae/100 m®) comprised 87% of the larvae, cyprinids (mean
density = 348 larvae/100 m®) comprised 9.5% of the larvae, and hiodontidae (mean density =
105/100 m?) comprised 2.9% of the larvae. Density of larval freshwater drum (Sciaenidae)
peaked on June 28 (mean = 57.8 larvae/100 m’) as densities of other taxa declined through late
July. Whereas common carp larvae comprised 95-100% of the cyprinids sampled from June 13
to July 12, larval cyprinids exclusive of common carp comprised 100% of the cyprinid larvae
from the July 19 through August 2 sampling periods.
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Figure 13. Mean density (number/100 m®) by date of all larval fishes (Total), Catostomidae,
Cyprinidae, Hiodontidae, Percidae, Sciaenidae, and Ictaluridae sampled in the Milk River during
2002.
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Larval fishes sampled at Wolf Point exhibited temporal variations in taxon composition
and density among sampling periods (Figure 14). Between May 28 and June 18, larval densities
were low (< 4.4 larvae/100 m®) and were dominated by larval percids (primarily Stizostedion
sp.). Mean density increased to a maximum of 338.4 larvae/100 m® on June 27 primarily as a
result of an increase in density of catostomids (mean density = 316 larvae/100 m’) and cyprinids
(mean density = 18.1 larvae/100 m’). Hiodontidae also exhibited maximum density on June 27
(mean density = 3.45 larvae/100 m®). Mean density of catostomidae and cyprinidae decreased
after June 27; whereas, density of Sciaenidae increased on July 1 (mean = 2.13 larvae/100 m°)
and July 5 (mean = 2.38 larvae/100 m®). Between June 14 and July 1, common carp comprised
67-100% of the larval cyprinids sampled at Wolf Point.
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Figure 14. Mean density (number/100 m”) by date of all larval fishes (Total), Catostomidae,
Cyprinidae, Hiodontidae, Percidae, Sciaenidae, and Salmonidae sampled in the Missouri River at
Wolf Point during 2002.
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Mean total density of larval fishes sampled at Nohly varied from 0.30 larvae/100 m® to
16.6 larvae/100 m* throughout the sampling period (Figure 15). Larval percids (primarily
Stizostedion sp.) were the dominant taxon sampled between May 29 and June 20 (mean densities
1.31-5.8 larvae/100 m’). Total density of larvae increased on June 28 as catostomids exhibited
maximum density (mean = 9.44 larvae/100 m®). Total density continued to increase through July
2 with contributions from catostomids (mean = 7.83 larvae/100 m’ ), hiodontidae (mean = 5.0
larvae/100 m®), cyprinidae (2.2 larvae/100 m?), and sciaenids (1.2 larvae/100 m’). Common carp
comprised 40-100% of the cyprinidae sampled between June 12 and July 11. Total density
declined after early July, and the larval community was composed exclusively of catostomids
and cyprinid (non-common carp) larvae.
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Figure 15. Mean density (number/100 m®) by date of all larval fishes (Total), Catostomidae,
Cyprinidae, Hiodontidae, Percidae, Sciaenidae, Salmonidae, and Centrarchidae sampled in the
Missouri River near Nohly during 2002.
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Mean total density of larval fishes in the Yellowstone River varied between 0.3
larvae/100 m® and 45.9 larvae/100 m® during the late-May through early August sampling
periods (Figure 16). Larval fish samples from late May through late June were composed
predominately of larval goldeyes (mean density 0.3 - 5.7 larvae/100 m?) and to a lesser extent
catostomids (mean density = 0 — 2.5 larvae/100 m®) and cyprinids (mean density =0-2.9
larvae/100 m®). Larval common carp comprised 62-100% of the cyprinid larvae sampled from
late May through late June. The initial peak in total density occurred on July 9 when catostomids
comprised 94% of the larval fish density. The second period of high larval densities occurred on

July 16 and July 18 as cyprinds (non-common carp) comprised 86-93% of the larval fish
densities.
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Figure 16. Mean density (number/100 m®) by date of all larval fishes (Total), Catostomidae,

Cyprinidae, Hiodontidae, Percidae, and Ictaluridae sampled in the Yellowstone River during
2002.
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Inter-annual trends in larval fish densities.-A complete analysis of spatial and temporal
changes in larval fish densities resulting from the Fort Peck spillway releases will be conducted
after completion of the project. However, summary statistics from the 2001 and 2002 larval fish
data sets were computed to illustrate inter-annual trends. Pooled across late-May through late
July sampling dates (common dates for both years), larval fish densities (all taxa) were generally
greater during 2002 than 2001 in the Milk River and in the Missouri River at Wolf Point (Figure
17). Mean densities were generally similar between years at the 31te downstream from the dam
(2001 mean = 1.06 larvae/100 m>; 2002 mean = 1.26 larvae/100 m?), 1n the spillway channel
(2001 mean = 19, 79 larvae/100 m’; 2002 mean = 13 66 larvac/100 m), at Nohly (2001 mean =
5.89 larvac/100 m?; 2002 mean = 4 91 larvae/100 m ) and in the Yellowstone River (2001 mean
= 3.58 larvae/100 m’; 2002 mean = 9.55 larvae/100 m *). Elevated discharge in the Milk River
during 2002 may have enhanced spawning success, and there is evidence to suggest that the
increased density of larval fishes at Wolf Point was influenced by the higher densities originating
from the Milk River during 2002. For example, peak densities at Wolf Point in 2002 occurred
on June 27 (Figure 14), two days after peak densities were observed in the Milk River (Figure
13). Milk River discharge increased substantially during this time period (Figure 2) and likely
transported larval fish downstream to Wolf Point. The benefit of enhanced larval production in
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Figure 17. Mean total density (number/100 m; lines denote 1 standard error) of larval fishes
sampled at six sites in 2001 and 2002.
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the Milk River was not evident at the Nohly site suggesting that the larval fish either settled to
benthic habitats upstream from Nohly or experienced high mortality levels during the drift-
transport process to Nohly.
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Monitoring Component 5 — Food habits of piscivorous fishes

Four burbot were sampled during July and August 2002. Individuals varied from 237
mm to 306 mm (mean = 286 mm), and from 50 g to 175 g (mean = 129 mm). The four stomachs
were empty; thus, no information on food habits was obtained.

Stomachs from 62 channel catfish (mean length = 387 mm, 212 - 630 mm; mean weight
=610 g, 50 - 2,525 g) were obtained during July and August 2002. Five stomachs (8.1%) were
empty. A variety of prey organisms was found in the stomach contents of channel catfish, but
orthopterans (e.g., grasshoppers) represented the highest frequency of occurrence (43.9% of the
stomachs) and frequency by number (66.2%) of food items ingested (Table 14). Fish (Class
Osteichthyes) were found in 31.6% of the channel catfish, and identifiable fish in the diet
included goldeyes and ictalurids (i.e., catfishes). Five diet components (miscellaneous material,
orthopterans, unknown fish, goldeye, and mammals) comprised 81.7% of the diet weight.

Table 14. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for channel catfish sampled
in the Missouri River during July and August 2002. T = less than 0.1%.

Frequency of Frequency by Frequency by

Diet component occurrence (%) number (%) weight (%)
Insecta Colcoptera 19.3 7.4 0.3

Ephemeroptera 35 0.6 T

Hemiptera 35 1.3 T

Lepidoptera 3.5 1.0 0.7

Odonata 1.8 0.3 T

Orthoptera 43.9 66.2 17.0

Trichoptera 17.5 55 0.1

- Unknown 14.0 7.4 03

Crustacea Decapoda 5.3 1.0 1.2
Gordoida Nematomorpha 5.5 1.6 T
Mammalia 1.8 0.3 14.2
Osteichthyes 31.6 '

Goldeye 1.8 0.3 15.6

Ictaluridae 3.5 0.6 6.7

Unknown 26.3 4.8 16.1
Aves 3.5 0.6 1.0
Arachnida Araneae 1.8 0.3 T
Fungi 1.8 0.3 3.7
Unknown 1.8 0.3 T
Detritus 28.1 4.1
Miscellaneous 42.1 18.8

: Total organisms = Total weight =
311 42399 ¢
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Eight freshwater drum (mean length = 385 mm, 317 — 469 mm; mean weight = 797 g,
400 — 1,300 g) were sampled in July and August 2002, and all eight stomachs contained food
items (Table 15). Fish represented the highest frequency of occurrence (75% of the stomachs),
but insects and crustaceans were also present in the diet. Ephemeropterans (e.g., mayflies)
represented the highest frequency by number (34.8%); whereas, decapods (¢.g., crayfish)

dominated the diet on a weight basis (88.3%).

Table 15. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for freshwater drum
sampled in the Missouri River during July and August 2002. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Diptera 12.5 4.3 T '
Ephemeroptera 12.5 34.8 0.7
Unknown 37.5 34.8 1.1
Crustacea Decapoda 37.5 13.0 88.3
Osteichthyes  (all) 75.0
Unknown 75.0 13.0 0.7
Detritus 37.5 0.8
Miscellaneous 50.0 83
Total organisms = Total weight =
46 393 ¢
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Stomachs were obtained from 93 goldeye (mean length = 260 mm, 146 — 353 mm; mean
weight = 157 g, 25 — 325 g), and only one stomach (1.1%) was empty. Orthopterans were found
in 71.7% of the stomachs, and comprised 86.1% of the ingested organisms (Table 16). Six
additional insect orders (Coleoptera, Hemiptera, Lepidoptera, Odonata, Plecoptera, Trichoptera)
were also found in the diet (frequency of occurrence = 1.1 — 18.5%), but these cumulatively
comprised less than 9.0% of the ingested organisms. Fish, horsehair worms (Class Gordoida,
Order Nematomorpha), and mammals were found in 1.1 — 14.1% of the stomachs. Orthopterans
comprised 90.8% of the weight of ingested organisms

Table 16. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for goldeye sampled in the
Missouri River during July and August 2002. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Coleoptera 18.5 53 0.8
Hemiptera 8.7 1.1 0.5
Lepidoptera 22 0.2 0.3
Odonata 1.1 0.1 T
Orthoptera 71.7 86.1 90.8
Plecoptera 1.1 0.1 T
Trichoptera 12.0 2.1 T
Unknown 14.1 2.0 1.9
Gordioda Nematomorpha 1.1 0.1 T
Mammalia 1.1 0.1 1.4
Osteichthyes  (all) 14.1
Unknown 14.1 26 1.8
Detritus 7.6 0.1
Miscellaneous 19.6 23
Total organisms = Total weight =
808 49223 g
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Stomachs were acquired from 47 northern pike (mean length = 573 mm, 406 — 835 mm;
mean weight = 1,180 g, 450 — 3,525 g), but 16 stomachs (34.0%) were empty. Fish were found
in 64.5% of the stomachs (Table 17). Identifiable fish prey included centrarchids (i.e.,
sunfishes), ictalurids (i.e., catfishes), sauger, and Stizostedion sp. (i.c., walleye or sauger).
Northern pike also consumed decapods (12.9% of the stomachs) and orthopterans (3.2% of the
stomachs). Unknown fish had the highest frequency by number (75% of organisms ingested).
Fish comprised 92% of the weight of ingested organisms, but the high percentage was largely
due to one ingested sauger that comprised 78.5% of the total weight.

Table 17. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for northern pike sampled in
the Missouri River during July and August 2002, T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Crustacea Decapoda 12.9 8.3 7.5
Insecta Orthoptera 32 6.3 0.2
Osteichthyes  (all) 64.5
Centrarchidae 3.2 2.1 0.2
Ictaluridae 3.2 2.1 0.1
“Sauger 6.5 4.2 78.5
Stizostedion 3.2 2.1 0.1
Unknown 54.8 75.0 13.1
Detritus 12.9 0.1
Miscellaneous 29.0 0.3
Total organisms = Total weight =
48 349.23 g
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Stomachs from 102 sauger (mean length = 368 mm, 206-526 mm; mean weight = 404 g,
50 —1,275 g) were obtained, and 40 stomachs (39.2%) were empty. Fish represented the highest
frequency of occurrence (93.5% of all stomachs); whereas, identifiable insects and crustaceans
were found in only 1.6% to 3.2% of the stomachs (Table 18). Identifiable fish in the diet
included common carp, emerald shiner, flathead chub, goldeye, Hybognathus sp., and ictalurids.
Identifiable fish and unknown fish cumulatively comprised 85.7% of the total number of
organisms found in the stomachs, and 98.5% of the total weight of organisms.

Table 18. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for sauger sampled in the
Missouri River during July and August 2002. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Coleoptera 1.6 1.1 T
Ephemeroptera 1.6 1.1 T
Hemiptera 1.6 1.1 T
Odonata 1.6 11 T
Orthoptera 32 2.2 T
Trichoptera 1.6 1.1 T
Unknown 9.7 5.5 T
Crustacea Argulus 1.6 1.1 T
Osteichthyes'  (all) 93.5
Common carp 1.6 I.1 1.1
Emerald shiner 6.5 - 44 12.3
Flathead chub 4.8 33 50.2
Goldeye 1.6 22 0.3
Hybognathus 6.5 6.6 16.1
Ictaluridae 1.6 1.1 5.8
Unknown 823 67.0 12.7
Eggs 1.6 T
Detritus 62.9 1.0
Miscellaneous 16.1 0.3
Total organisms = Total weight =
91 123.86 g
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Stomachs from 64 shovelnose sturgeon (mean length = 563 mm, 162-722 mm; mean
weight = 743 g, 100 — 1,350 g) were obtained. Of these, 5 stomachs (7.8%) were empty. The
diet of shovelnose sturgeon was comprised primarily of insects (Table 19). Dipterans were the
dominant insects consumed, and were found in 89.8% of the stomachs. Dipterans comprised
99.9% of the organisms consumed, and 87% of the weight of organisms in the stomachs.

Table 19. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for shovelnose sturgeon
sampled in the Missouri River during July and August 2002. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Coleoptera 1.7 T T
Diptera 89.8 99.9 87.2
Ephemeroptera 34 T 0.1
Odonata 34 T 0.1
Orthoptera 13.6 T 32
Trichoptera 6.8 T 0.1
Unknown 8.5 T 2.0
Crustacea Decapoda 1.7 T T
Detritus 5.1 T
Miscellaneous 11.9 7.1
Total organisms = Total weight =
85,965 249.20 g
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Stomachs from 14 walleyes (mean length = 395 mm, 255 — 532 mm; mean weight = 609
g, 100 — 1,600 g) were obtained. Of these, 4 stomachs (28.6%) were empty. Fish were found in
80% of the stomachs, but fish prey could not be identified to species (Table 20). Although
insects were present in the diet, fish comprised 84.6% of the total number of organisms and
98.6% of the weight of organisms in the stomachs.

Table 20. Frequency of occurrence (%, number of individuals containing the specific food item/
number of stomachs containing food), numerical frequency (%, total number of taxon-specific
food items/total number of all food items), and weight frequency (%, total weight of a taxon-
specific food item/total weight of all food items) of diet components for walleye sampled in the
Missouri River during July and August 2002. T = less than 0.1%.

Frequency of Frequency by Frequency by
Diet component occurrence (%) number (%) weight (%)
Insecta Ephemeroptera 10.0 7.7 0.1
Odonata 10.0 7.7 0.5
Osteichthyes  (all) 80.0
Unknown 80.0 84.6 98.6
Detritus ' 40.0 0.5
Unknown 10.0 0.3
Total organisms = Total weight =
13 7.86¢g

Related Activities

Incidental captures of adult and hatchery-raised juvenile pallid sturgeon.-Incidental
captures of pallid sturgeon occurred in 2002 while conducting activities associated with the Fort
Peck Data Collection Plan. First, an adult pallid sturgeon (1,362 mm, 12,150 g, PIT tag number
7F7D364B62) was sampled with a trammel net at rkm 2,600 (RM 1,615) on September 25.
Second, a total of six hatchery-raised juvenile pallid sturgeon were sampled. Individuals were
captured with trammel nets near Wolf Point on September 12 (231 mm, 38.9 g, PIT tag number
435E1D160C) and September 17 (245 mm, 44.1 g, PIT tag number 435D675A10), near
Culberston on September 19 (416 mm, 211.7 g, PIT tag number 424F0D0226; 603 mm, 642.3 g,
PIT Tag number 411D0B513C) and September 26 (369 mm, 176.5 g, no PIT tag, green and
yellow elastomere implants), and at the Yellowstone River confluence on September 25 (430
mm, 243.0 g, PIT tag number 424F377447).

Young-of-year sturgeon sampling.-Benthic trawling was conducted between August 7
and September 5, 2002, to sample for young-of-year (YOY) sturgeon. Three riverine areas were
sampled including the Missouri River above the Yellowstone River confluence (ATC; rkm
2,549-2,563, RM 1,583-1,592), the Yellowstone River (tkm 0-3.2, RM 0-2.0), and the Missouri
River below the Yellowstone River confluence (BTC; rkm 2,497-2,547, RM 1,551-1,582).
Young-of-year sturgeon (e.g., designated as less than 100 mm) sampled were measured in the
field, preserved in a 10% formalin solution, and were tentatively identified as pallid sturgeon or
shovelnose sturgeon in the laboratory using criteria established by Dr. Darrel Snyder (Colorado
State University, Larval Fish Laboratory). If individuals were initially identified as pallid
sturgeon, then they were sent to Dr. Darrel Snyder for expert identification.
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A total of 116 benthic trawl samples was conducted among the three sampling areas
resulting in a total of 475.5 minutes of sampling effort (Table 21). Three YOY sturgeon
tentatively identified as shovelnose sturgeon were sampled in the Missouri River ATC on August
7, August 21, and September 4 (Table 21). These individuals varied from 20 — 58 mm. No
YOY sturgeon were sampled from the Yellowstone River; however, sampling effort in the
Yellowstone River was low in comparison to the other sites. A total of 30 YOY sturgeon was
sampled in the Missouri River BTC (Table 21). The number of YOY sturgeon sampled was low
(< 3 individuals) from August 13 to September 4, but increased to 20 on September 5. Two
YOY sturgeon sampled from the Missouri River BTC exhibited characteristics specific to pallid
sturgeon, and were tentatively identified as pallid sturgeon. These individuals were sampled on
September 4 at tkm 2,537 (RM 1,576) and September 5 at rkm 2,500 (RM 1,553). The two
individuals were sent to Dr. Darrel Snyder for species confirmation. The following quoted text
from Dr. Snyder (dated 17 March 2003) highlights the results from his examination of the two
YOY sturgeon: :

“Based on my analyses, I have designated both specimens as tentative pallid sturgeon
(Scaphirhynchus albus?). If these are pure pallid sturgeon, they display some characters
observed only for shovelnose sturgeon in my comparison of hatchery reared larvac. However, I
suspect they are impure pallid sturgeon or possibly F1 hybrids displaying mostly pallid sturgeon
fraits.

Both specimens were developmentally at or very near transition from the protolarval phase
(without yolk) to the mesolarval phase and were therefore analyzed using criteria for both
developmental phases; greater weight was given to criteria for protolarvae without yolk. The
smaller specimen (21.6 mm TL, collected on 9/5/02 at H-85 site) has a forn caudal fin with a few
rather indistinct or questionable caudal fin rays and no dorsal or anal fin rays. The larger
specimen (23.1 mm TL, collected on 9/4/02 at US Erickson site) has a few “almost” distinct
dorsal (but not caudal or anal) fin rays, depending on lighting and angle of view. Treated as
protolarvae, both specimens matched pallid sturgeon criteria for all but one primary taxonomic
character and about half of the secondary taxonomic characters. Treated as mesolarvae, criteria
for all but one secondary character for both specimens and one primary character for the smaller
specimen matched pallid sturgeon or both species. Had I analyzed the specimens only as
mesolarvae, I would have designated the larger specimen positively as pallid sturgeon and the
smaller specimen as unknown (probably a hybrid). Both specimens had fewer dorsal-fin
pterygiophores than previously observed for larvae of either species. Considering the late date of
capture relative to developmental state, it is possible that this and perhaps other meristic
characters were affected by substantially warmer incubation and rearing temperatures than used
for the developmental series I described. Results of the analyses are detailed on the following

pages.”
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Table 21. Benthic traw] sampling locations, effort, dates, and number and lengths (minimum and
maximum length in parentheses) of young-of-year sturgeon sampled in 2002. Asterisks denote
that a pallid sturgeon was sampled. ATC = Missouri River upstream from the Yellowstone
River confluence, BTC = Missouri River downstream from the Yellowstone River confluence.

Date
Location Metric /7 8/13 8/21 8/22 8/27 8/28 9/4_ 9/5

Missouri Effort 8 12 9 5
River ATC (trawls)
Effort 31 48 31 28
(minutes)
Number 1 1 0 1
of
sturgeon
Mean 38 58 20
length
Missouri Effort 21 22 18 10 6
River BTC (trawls)
Effort 81.5 85.5 69 50 32
{minutes)
Number 1 3 3 3% 20%
of
sturgeon
Mean 58 49 29 24 21
length (22-81) (15-55) (22-25) (17-25)
Yellowstone Effort 5
River (trawls)
Effort 19.5
{minutes)
Number 0
of
sturgeon
Mean

length

Other researchers have sampled larval pallid sturgeon in the Mississippi River (R.
Hrabik, Missouri Department of Conservation, Jackson, MO, personal communication) and the
lower channelized Missouri River (L. Mauldin, USFWS, Columbia, MO, personal
communication). The two larval pallid sturgeon sampled in September 2002 provide the first
documented account of larval pallid sturgeon in the Missouri River downstream from Fort Peck
Dam, and indicate that successful spawning by pallid sturgeon did occur in 2002. However, it is
not known whether spawning occurred in the Yellowstone River or in the Missouri River.
Additional analyses will be conducted on the two larval pallid sturgeon to estimate age, hatch
date, and spawning date.
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Activities for 2003

All monitoring activities associated with the Fort Peck Data Collection Plan will continue
through the 2003 field season with the exception of the piscivore food habit studies. The
piscivore food habit studies will be initiated again when the full-test of the spillway releases is
implemented. In addition to the monitoring activities, we will continue to sample for YOY
pallid sturgeon and shovelnose sturgeon during August and September. Funding for the Fort
Peck Data Collection Plan was expanded for 2003 to conduct a larval sturgeon drift study in the
Missouri River downstream from Fort Peck Dam. This is a collaborative study involving the
MTEFWP (Dave Fuller), USGS Columbia Environmental Research Center, Fort Peck Project
Office (Pat Braaten), and the USGS Conte Anadromous Fish Research Center (Boyd Kynard)
designed to evaluate drift rates, drift distance, and drift behavior of larval pallid sturgeon and
larval shovelnose sturgeon through a range of water velocities and environmental conditions.
Results from this study will be presented at the annual Upper Basin meeting in December 2003.
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