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ABBTRACT

The 1992 field season was the fourth year of the Fort Peck Pallid
Sturgeon Study. We completed 323 drifts totalling 38.0 hours and
captured 35 pallid and 402 shovelnose sturgeon. Two of these
pallids were recaptures. Pallids represented 8.7 % of the
sturgeon netted, One pallid was captured 2 miles up the
Yellowstone River. The rest were captured below the confluence
of the Missouri and Yellowstone. Twenty~five "new" pallids were
pulled from one pool/run, located 8 miles downstream of the
confluence. Trammel netting appeared to be more effective in
capturing pallids than gill netting. - In September and Octobker we
concentrated trammel netting effort in known pallid habitat,
which resulted in pallid catch rates of 3.8 pallids/hour in
October of 1992. This compares with overall pallid catch rates
of 0.9 pallids/hour in 1992 and <0.1 pallid/hour in 1991. This
was the first year that no pallids were observed during winter
SCUBA surveys in the Fort Peck tailrace. 1In 1992, pallids ranged
in weight from 6.8 kg (15 lbs) - 24.5 kg (54 1lbs). Morphometric
measurenents were taken from all pallids and from most
shovelncse.

One internal and 8 external radio transmitters with battery lives
of 100 cays to 2.5 years were attached to 9 pallid sturgeon.
Three of these pallids also had 4 year sonic transmitters. We
collected extensive location and microhabitat data from these
fish. Pallids were usually found in narrow channels along
sandbars.. Pallid nose velocity and depth measurements were
variable: but averaged 0.5 m/s and 3.1 m deep during September and
October 1992. -

Nine shovelnose implanted with transmitters in 1991 and the 9
shovelnose implanted in 1992 were relocated at least once during
1992 ancl most were monitored several times throughout the 1992
field season.

A character index, based on morphological measurements, divided
pallid and shovelnose sturgeon into two separate groups. Based
on this index, and field observation, no suspected
pallid/shovelnose hybrids were captured in 1992.
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DIBCLAIMER
Mention of commercial products in this report does not imply

endorsement by the Montana Department of Fish, Wildlife, and
Parks.
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INTRODUCTION

This report summarizes the fourth field season of the Fort Peck
Pallid Sturgeon Study, which began on April 1, 1989, with a
contract between the U.S. Army Corps of Engineers (Corps) and the
Montana Department of Fish, Wildlife, and Parks (MDFWP). Clancey
(1990, 1991, 1992) reports the findings of the first three years
of this study. In 1992, Bob Bramblett, a graduate student from
the Montina Cooperative Fish Research Unit assisted with
fieldworl: by collecting extensive summer habitat information.

The goals of this study are to identify abundance, seasonal
habitat use, migration patterns and potential spawning areas of
pallid and/or shovelnose sturgeon and to evaluate
pallid/shovelnose hybridization throughout the study area.

MDFWP is conducting two other pallid sturgeon studies, one on the
Missouri River between Fort Peck Reservoir and Fort Benton
(Gardner 1990, 1991, 1992), and one in cooperation with the
Bureau of Reclamation, on the Yellowstone River, between Intake
Diversioil Dam near Glendive and Cartersville Diversion Dam near
Forsyth (Watson and Stewart, 1991, Backes et al, 1992).

8TUDY AREA

The study area is the approximately 230 miles of the Missouri
River from Fort Peck Dam, Montana downstream to Lake Sakakawea,
North Dakota, and the 70 miles of the Yellowstone River from its
mouth to Intake diversion dam (Figure 1). 1In 1992 most fieldwork
was concentrated on the Yellowstone River and the Missouri River
below the confluence (Figures 2 and 3).

Discharge of the Missouri River averages 10,570 cubic feet per
second (cfs) annually at Culbertson (USGS) and is regulated
downstream of Fort Peck Dam. Flow regime (Figure 4), turbidity
and temperature, have all been dramatically altered from natural
conditions. In the Fort Peck tailrace, the river is up to 45
feet deep, current velocity is slow, bed load movement is minimal
and the channel is free of obstructions. Downstream, accelerated
streambank erosion and channel downcutting occur due to the
fluctuating water levels in the river and to the "clean, hungry"
hypolimnial water releases from Fort Peck Reservoir.

In 1992, powerhouse repairs and drought resulted in reduced flows
from Fort Peck Reservoir. During 1992 instantaneous releases
from Fort Peck Dam were from 2000 to 13000 cfs. Daily flow
fluctuation varied from less than 50 cfs to more than 10,000 cfs.
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As in past years, fluctuations were moderated downstream (USGS,
Gardner and Stewart 1987). 1In August 1992, daily flow
fluctuation was reduced from an average 2000 cfs at Fort Peck Dam
to 800 cfs at Wolf Point (70 miles downstream of Fort Peck) and
to 200 cfs at Culbertson (151 miles downstream of Fort Peckj).
From September 1, 1992 through late November, discharge from Fort
Peck Reservoir was reduced to a steady 3000 cfs, much lower than
any sustained discharges of the past few years {USGS).

Like flow fluctuation, turbidity returns to near normal
conditions around Wolf Point, however temperature is likely about
6 F colder at Culbertson than would be found in natural
conditions (Gardner and Stewart 1987). In Montana, the Missouri
River gradient varies from 0.6 feet/mile near the Milk River to
1.5 feet/mile near the Redwater River. The river becomes
depositional near Wolf Point and is characterized by shifting
sandbars near Culbertson (Gardner and Stewart 1987). The
confluence of the Missouri and the Yellowstone Rivers is onhe mile
downstream of the Montana border. Below this confluence, the
Missouri is up to 35 feet deep, has shifting sand bars, moderate
to fast current and numerous snags. When lLake Sakakawea is at
full pool (1850 feet) there are only about 15 miles of river
between the confluence and the headwaters of Lake Sakakawea
(Power et al, 1992). However, throughout this study there have
been about 40 - 50 miles of free flowing river downstream of the
Yellowstone confluence. :

Average annual discharge of the Yellowstone is 12,400 cfs, which
is slightly higher than the Missouri at Culbertson (USGS). In
contrast to the Missouri, the Yellowstone River is unimpeded for
its entire course, except for run-of-the-river irrigation dams.
However, inflow from two major tributaries, the Tongue and the
Bighorn Rivers, is regulated by dams. Despite these alterations,
the Yellowstone exhibits a near natural hydrograph (Figure 4) and
water quality characteristics. The Yellowstone River below
Intake is characterized by shifting gravel beds and numerous
islands (Koch et al, 1977). Depth is generally less than 15 feet
and current velocity is high. Gradient varies from 1 ~ 3 feet per
mile from Intake to the confluence, and averages 2.8 feet per
mile downstream of the Bighorn River (Haddix and Estes, 1976).

METHODS

Field methods were generally similar to those used in previous
years (Clancey. 1990, 1991, 19%92)}. Flows were obtained from the
Fort Peck field office of the USGS and the Corps. Missouri River
mileages are miles upstream from the confluence of the Missouri
and Mississippi Rivers and were obtained from the Corps 1983
aerial photos. Yellowstone River mileages were obtained from the
River Mile index of the Yellowstone River (1976). All river
miles less than 1500 referred to in this report are Yellowstone
river miles.

4
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Sturgeon were caught by drifting sinking gill nets and trammel
nets from a 21 foot Wooldridge inboard jet boat. Depth and
temperature were recorded. Several types of nets, all with 6
foot high panels were used. Multifilament 100-foot 3-inch gill
nets, 100-foot monofilament experimental gill nets and 125-foot
experimental multifilament gill nets were used for most of the
field season. In September 1992 we started using 150-foot
trammel nets with a 2-inch inner and 10-inch outer mesh. One end
of the net was attached to the boat while the other end was
attached by 10 ~ 20 feet of rope to 2 flocats. Nets were set
perpendicular to the current and were drifted from 1 - 41
minutes. Drift time averaged 7 minutes. A drift began when we
started setting the net and ended as we began retrieving the net.
We started attaching a small (1 pound) weight to the lead line in
mid-September 1992, to insure this lead line was dragging on the
river bottom.

The study area was subjectively divided into sections for
comparison of effort and fish abundance (Table 1). Hourly catch
was tabulated as catch per unit effort (CPUE). However, our
effort was intensified in areas of known pallid habitat, so CPUE
does not reflect abundance of various species for the entire
study area or even sections of the study area.

Table 1. 3tudy area sections (river miles in parenthesis):

1 Fort Peck Dam to the mouth of Milk River (1761.5 -
1770}

2 Milk River to Wolf Point (filtration plant) (1708 -
1761.5) .

3 Wolf Point to mouth of Redwater River (1683.1 - 1708)

4 Mouth of the Redwater River to the mouth of Big Muddy
Creel (1630.4 - 1683.1)

5 Big Muddy Creek to the confluence of the Missouri and
Yellowstone rivers (1582 - 1630.4)

6 Missouri/Yellowstone confluence to Highway 85 Bridge

(1552 - 1582) '
7 Highway 85 Bridge to Lake Sakakawea (approx 1530 -
1553)

8 Yellcwstone River from Intake to Highway 200 Bridge
(9.0 - 71.1) (2c

9 Yellcwstone River from Highway 200 Bridge to the
Misscuri/Yellowstone confluence (0.0 - 9.0)




Figure 5 illustrates the characteristics measured on all pallid
sturgeon and on most shovelnose sturgeon caught during the 1992
field season. Measurements were taken in inches or feet and
converted to millimeters (mm). Percent of standard length was
calculated from these measurements. Welghts were taken from
pallid sturgeon and from several shovelnose sturgeon.

To evaluate hybridization between pallid and shovelnose sturgeon,
percent standard length of head length, inner barbel length,
‘outer barbel length, snout to outer kharbel length, mouth to inner
barbel length and mouth width were transformed into a character
index as done by Gardner (1992). This character index is similar
to the one developed by Carlson and Pflieger {1981). The
smallest numbers reflect the most shovelnose-like characteristics
-and the largest numbers the most pallid-like characteristics.

The six numbers are added for a character index value between 0
and 600. See Appendix 1 for calculations.

Pallid sturgeon were injected with 400 kilchertz (Khz) passive
integrated transponder (PIT) tags at the base of the dorsal fin.
Yellow dangler tags were also attached to all pallids. Green
disc tags were attached to some shovelnose including all
transmittered shovelnose. After August 31, 1992 spaghetti tags
were attached to the posterior of the dorsal fin of all
shovelnose sturgeon of adequate size. Genetic samples from 11
pallids and 36 shovelnose were taken for Genetic Analysis of
Smithville Texas. Blood samples were taken and placed in 7.5 mls
of lysis buffer. A tissue sample cut from the tail and a muscle
plug taken from the body of the fish were placed in 75% ethanol.
Gloves were worn and tools were wiped with alcohol and flamed
prior to use. Fish tissues were also wiped with alcohol prior to

removal.

Several types of transmitters were used this year (Table 2). All
radios were 3 volt high output transmitters, however four
external pallid transmitters were modified for slightly reduced
output which extended battery life. All sonic transmitters were
made by Sonotronics of Tucson, Arizona, set at 74 Khz and were
uniquely coded. The radio transmitters are all within the 48.000
~ 49.999 Megahertz (Mhz) range, with a unique frequency to allow
individual fish to be identified. Three pallids were outfitted
with both sonic and radic components, one of which was implanted
with internal transmitters using the catheter technique (Clancey
1992). Six pallids had small external radio transmitters.
External transmitter placement differed from earlier years. In
1992 transmitters were attached to the base of the dorsal fin as
in Apperson and Anders (1991) (Figure 6).

In 1992 all transmittered shovelnose were implanted with internal
radios. Most internal radio implants were done by us or Bob
Bramblett, MSU (Bramblett and White 1992), using the catheter
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Figure 5. Morphological measurements taken from pallid and
shovelnose sturgeon.



Statistics of transmitters used on sturgeon relocated

Table 2.
in 1992.
Battery .
Transmitter life # of Weight (g)
_type (days) fish in_air
A. Internal ATS radio
External antenna 275 5 45
{model S5A) shovelnose
Sonic (coded) 420 28
B.' Internal ATS radio
External antenna 360 7 40
{model 5A) : shovelnose
Sonic ({coded) 420 24
C. Internal ATS radio
External antenna 500 1 160
pallid
Sonic {coded) 1500 28
D. Internal ATS radio
{model 2) 100 2 11
shovelnose
Sonic (coded) . 28
E. Internal Smith Root 80 2 40
Internal antenna shovelnose
No sonic
F. External ATS radio 700 2
pallids 144
Sonic (coded) 1500 (total weight)
G. External ATS radio 2
(model 2) 100 pallids 14
No sonic
H. External ATS radio 4
(model 2A) 150 pallids 14
(reduced output)
No sonic
I. Coded sonic 420 2 28
: shovelnose

i

Transmitter data from Bramblett and White 1992.
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Figure 6. Schematic diagram of attachment of sonic and radio
transmitters to the dorsal fin of pallid sturgeon.
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technique (Clancey 1992) and included sonic implants. Two
additional radios with internal antennae were implanted in
shovelnose, These transmitters were inserted into a 3-inch belly
incision. The transmitters and all surgical equipment were
disinfected with Nolvasan disinfectant, which was diluted three
ounces per gallon of water. The fish's gills were irrigated with
river water during implantation by pumping the water into the
fish's mouth using a small bilge pump and surgical tubing.

A programmable scanning radio telemetry receiver (ATS Challenger)
with a whip or loop antenna was used to locate sturgeon from a
Cessna 172 plane and inboard jet boats. Flights were completed
at least twice monthly from May - September, and approximately
every 6 weeks from November - April. A hydrophone and sonic
receiver (Sonotronics- Model USR-5) were also used to track
sturgeon from a boat. Microhabitat measurements were taken once
fish were located and at many sites where pallids were nettead.
Radio telemetry was used to initially find the fish and then the
sonic signal was used to precisely determine its location. Radio
triangulation was used for those fish without sonic transmitters.

Depth, conductivity, temperature, bottom (nose) velocity,
substrate type, and turbidity were usually determined when
sturgeon were relocated. Depth was measured with an Impulse 2800
plus fish finder. Conductivity and temperature were taken in the
field with a Yellow Springs Model 33M S$-C-T meter and
conductivity was corrected to 25 C using a conversion factor of
2.5% per degree (Lind 1979). 1In past years a conversion factor
of 2.0% was used. Velocity was recorded with a General Oceanics
Model 2035-MK III meter. A weight was attached to the velocity
meter and lowered to the river bottom. Substrate was determined
by dragging a weight on the bottom of the channel. Surface water
was sampled in the field and turbidities read in the lab with a
Cole Palmer model 8391-35 turbidimeter.

Microhabitat measurements were also taken by Bob Bramblett of
MSU. He measured depth with an ‘Eagle Mach 2 recording depth
finder, cross section width with a Ranging MK5 range finder,
velocity at several depths with a Marsh-McBirney Model 201
portable water current meter, and water clarity with a secchi
disk. Location was determined with a Magellan Global Positioning
System navigator. Most water chemistry variables were determined
near shore close to the fish's location. Dissolved Oxygen was

measured with an Otterbine Sentry III meter and conductivity with

an automatic temperature compensated VWR digital conductivity
meter (Bramblett and White, 1992).

12
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Larval fish were sampled in the Yellowstone on three dates from
the righ': bank, left bank, and midchannel with 0.75 m diameter
nets. Nects were made of 750 micron Nitex netting and had a 5:1
length to diameter ratio to reduce potential back-flushing. A
single surface and bottom sample were taken simultaneously. A
General Oceanics flow meter, placed in the mouth of each net, was
used to estimate the water volume filtered for each sample.

RESULTB AND DIBCUSSION

Pallid sturgegn

Thirty~three new pallid sturgeon and 2 recaptures were caught in
1992, which is more than twice the number found in the previous 3
years of ithis study. All pallids were caught with gill or
trammel nets. A 12.7 kg pallid was captured in June, 2 miles up
the Yellowstone River (river section 9). The rest of these fish
were netted in river section 6 below the confluence of the
Yellowstore and Missouri Rivers (Tables 3 and 4). One pallid was
taken in 2pril, one in June and the remaining 33 were captured in
September and October (Table 4, and Appendix 2).

In July, anglers recaptured an additional pallid near Culbertson,
MT. This fish had been transmittered in February, 1990 in the
Fort Peck tailrace and had lost its transmitters. It had moved
downstream about 150 miles since last observed. Two other
verified reports of angler caught pallids occurred this year, one
from below the confluence, and one from Intake (Backes et al,
1992). This is the first year that no pallids were observed
during winter dives in the Fort Peck tailrace near Park Grove and
the powerhouse (the same two dive locations as in previous
years). During 14 dive dates, 30 man-dives were completed,
resulting in 12 hours of bottom time.

Netting effort was focused in areas frequented by pallids and
varied from 0 drifts in river sections 1 and 4, to 187 drifts in
section 6 (Table 3). Of the 33 new pallids, 25 were pulled from
one pool/run 8 miles downstream of the confluence at river mile
1573 (Table 4). In the fall of 1992 the maximum depth of this
pool varied from 4.5 - 5.3 m. Two pallids were recaptured from
this pool 2 weeks after they were initially tagged. Five other
pallids were caught in other pool/runs 4 - 5 m deep. All of
these pools were located in narrow river sections along sandbars,
which is sinilar to pallid locations reported by Sandvol (U. S.
Fish and Wildlife Service, 1992).

During 38 hcurs of netting, 35 pallids were caught for an average
annual CPUE of 0.92 pallids/hour. Catch rates averaged 1.59
pallids/hour in river section 6 (Table 3). These numbers greatly
exceed last years catch rate of 0.03 pallid/hour for the entire
study area 0.08 pallid/hour in river section 6 (Clancey 1992).

13



Table 3. Catch per unit effort (CPUE) of shovelnose and pallid
) sturgeon by section, month and net type.

Net # Shovelnose Pallid

Section Month type Hours Drifts #  #/hr #/grift #  #/hr #/drift
2 June exp-507 1.77 12 7 4.0 0.58 0 0.0 (.00
3 July exp-100*  0.50 5 2.0 0.20 0 0.0 0.00
3 Aug exp-100’ 0,87 6 10 1.5 1.67° 0 0.0 0.00
3 Aug exp-125°* 0.25 1 10 40.0 10.00 0 ¢.0 0.00
3 4 Sept exp-100' 1,05 14 12 11.4. D.Bé 0 0.0 0.00
3 Sept tram-150' 0.22 3 0 0 0.0 0.00
3 Total /Mean 2.90 29 33 1.4 1.1 0 0.0 0.00
5 Aug exp-507 G.67 1 6 0.0 0.00 0 0.0 0.00
S Aug exp-125' 0.92 14 3 3.3 0.29 0 0.0 0.00
5 Sept exp-100’ 0.85 7 4 4.7 0.57 0 0.0 0.00
5 Sept exp-125' 0.88 8 3 3.4 0.38 0 0.0  0.00
5 Total/Mean 2.72 30 10 3.7 0.33 0 0.0 0.00
6 Apr exp-100' 0.35 5 0 0.0 0.00 0 0.0 D.0D
6 Apr exp-125* 2.35 15 12 5.1 0.80 1 0.4 0.07
b Apr  3“-100/ 1.25 15 3 2.4 0.20 0 0.0 0.00
6 May exp-100' 0,45 2 t 2.2 0.50 0 0.0 0.00
6 - May 3%-100’ 0.62 7 0 0.0 0.00 0 0.0 0.00
6 June exp-100' 0,62 4 10 16.1  2.50 0 0.0 0.00
6 July exp-100'  2.53 9 1 4.3 1.22 0 0.0 Q.00
6 July exp-50/ .23 2 0 0.0 0.00 0 0.0 0.00
6 July exp-125'  2.45 11 11 4.5 1.00 0 0.0 0.00
6 Aug exp-100' 0.02 1 6 300.0 6.00 0 0.0 0.00
6 Sept exp-100* 0.92 7 11 12.0  1.57 0 0.0 0.00
6 Sept tram-150' 3.30 37 g7 29.4 2.62 9 2.73 0.24
6 Oct tram-150' &6.32 &5 87 13.8  1.34 24 3.80 0.37
6 Total/Mean 21.40 187 249 11.6 1.33 34 1.59¢ 0.18
7 July exp-1007 2.06 7 0 0.0 0.00 [ 0.00 D.00
8 May exp-100' 1.07 10 4 3.7 0.40 0 0.00 0.00
8 Jun exp-125/ 1.58 15 65 41.1  4.3% 0 0.00 0.00
8 Sep exp-100' 0.08 2 10 125.0 5.00 0 0.00 0.00
8 Total/Mean 2.73 27 79 28.9 2.92 0 0.00 0.00
9 May 3"-100 1.07 13 0 0.0 0.00 D 0.00 0.00
9 June exp-1007 3.32 18 26 7.2 1.33 1 0.30 0.05
9 Total/Mean 4,39 31 24 5.47 0.77 1 0.22 0.03
402 10.6 1.24 35 0.92 o.M

All sections 37.97 323

14

w



15

*Z 9Tge], @9s soT3sriels orlped aog
- - &S 06l &g 061 9% 0%k 97 9 $1¢  ZZL T 0SY &Rl 2¢7h 62GL 9 6L bELlL 226ye0d §25b 62/04
- - 98 L . 9%2 88l &£2 0L £ 19 961 2L &y €BZL YL 8290 9°EL  SOSL JLVIYYG -€4Si LT/0L
- - s ®|L 192 o6k Y2 0b LY &9 K02 ZZL 9Y7 OLYL ®IYL S6SL  6°ZL  LESI £52£208 E2SL L2/0L
- - LS 0l s22 Sl 922 gl € 85 06 ZEL 2% 02El 68C1L EBYNEFSSEL 8YEL BOLSIEQ %251 22/0L
- - vy 21 8l 09l £8L &0t 1Y €5 STL 2Ll £SE 0L £21L 6L 7B &YEL B¥25208 9251 22/01
- - c6Y 8 9z 6L Y22 0L €Y £ S8L %l 60% €821 6SEL 22YL  2ZTEL  OSEL S2QEMEQ  %iGL Z2/04
- - S6Y 1 B N Y 8L €02 261 8 95 L ZHL %6E 6121 S92L 1£€L 9°ML 9SSl BHS108 899SI 12708
- - 808 Bl v 05l 22 ISt 9N 19 902  2ElL 5y ULl SYYL 2951 £'9i 26%L SOvEZ0E @9SL 42/01
H 0"y 209 %61  6s2 £8L 652 2%l g% ¥ 812 421 297 SE7L 989l S8SL  €°46L  9LEL 1200208 SPSL 12/01
- - us TR o6k 22 2L 9 19 0l2  Y2L Ty 6GEL SIYL Y051 0°Z)L ~BOSL ORJEEOEY €264 61/01—
- - 05y gL 9z 1oz 92 W@ 9 £ 06l Y21 12Z% 9YEL. 0¥l 6LSL 9°€L “~ZOST 0249208 £2SL 61701 \
H o 0SL'6Y  0%Y I AR 7. UL L2 @ 9 95 06L 7Ll 16E 0%¥ZL BOLL %85I 870V §9EL 9022808 £25L 61701 U )
H o 0076Y &IS :TAR 7 8L 652 LfL LS 85 B6L  2EL l€v 1SEL 2091 6ZSL 9°9L U2EL 2019208 £2SL AL/0L pmy _
H  020°6Y 685 L &2 WL 9Z2 21 Bt £5 060 221 6Ly BOEL 99EL 559l L°9L  I2EL 4105904 w261 61708 ~J
- - g8y 891 Y22 9L 822 2L £ L9 06L  6LL %27 G224 BSEL 99l 6°Z1L  BLEl 2.E9504 €261 8701
- - 658 oL 122 o6l w2z 6Ll 9 95 06l  ZEL 2% 65EL G6EL iYL 95l ZLEL DSB9PO4 €251 ®/O
- - 109 g9l sz Sl yg2 451 8BS % €61 OEL 2%y 9SEL €97L USSL 076 JESL HAL9904 €451 8701
- - s9y 0L 122 gz 1£2 28l LS 1 €61 211 9Ly 921 4SEL BYYL  B°0L  ZYEL 2069903 89§t 2701
- - 005 1L 102 8L 902 Yl 9 1l €1 211 98 /¥l £OSL OLYL 2°2L  ®6LL LId OM £454 9701
- - oL9 51 12 8L 912 29t M 99 SZb 29 ZTYY AL GESL L69L 66l 99EL 694293 €251 9/01
- - 155 £2L 622 9%6L 622 ETLL 8 i 06l 221 Y1% 021 9EEL OfYL  L'YL  SLEL v9eEde3d €ISl 9/04
- - 00s 81 12 s8L 9Lz ofL LS 9 8L 221 LlY OBZL YEEL 26€L 272l E6EL BSLW¥A CISL 9/0L
- - ¥8s o8l 1%2 g8l 9€2 07l IS ¥9 102 221 797 9E9L 189l &SI 2°6L 0BEL 1205503 E25L 0%/6
- - 209 S8l 142 g0z 452 Sl LY 99 102 0EL €% YBEL €971 951 2°6L  SLEL 09E9503 EL51 0%/6
- - 155 8L 92 912 we 2L 9% 9 12 SEL 28y 21§l 20%b 1ZSL 676l SYEL Q0OYsOd €251 0S/6
4 05076% 059 g8 942 B6L %52 STV 1S Y9 902  OYL  0LY BIYL %2S5E SY9L  2T2Z  SEEL £24%504 €4SL 076
- - % 2L 9l W/ &L 1B 82 £y 51 S X1 20£ 9L0L 080V £91L  8°9 €251 J24%904 €261 0%/
. - &9 oL 922 061 622 ¥l &S bl 881 SEL JEY LBEL 9L wUSL - 2251 OEVS90d €261 0€/6
- . 195 6L 182 €02 &% 8L 95 9 912 L2L I%Y 9SEL YL SI9L vUBL YBEL 2269904 €461 0E/6
9 Q258 09% oL 92 €21 622 sEb 1S £5 €80 ZLL  40% &@EL 2921 6%El 901  YSEL Qu¥sS0d €251 0€/6
9 ovsey 102 g02 292 oz w2 o9t 9% 9 1£2 ZEL €£8% ZESL 0091 2041 S92 92fL 2135904 99EL S/
4 00L76Y 91§ 2L 92 861 622 2L €5 9y BBl Y2l Y2Y S221 9LEL SEYL LT2)  98E 9904 A2 LL/9
~ 2 289°6% 019 851 62 €aL w2 21 28 19 fL2 %L f]Y% RIYL J9GL LEQL  PT77 NACL 3IWYCONd  HIC) N /e
ﬁﬂ_,sﬂa ] £ 1 51 #  Q3J10 SQIEQPIN  (INOW  "Pod INOUS 19qQJed 194Je8 19GJed 19qJed  UIPIA PesH  als %404 19301 IUBIoA # (Z3Z) elitm aied
u\n m_veu oLpey -3 -3} 1epne) J31N0  JINML JAAIL SN0 YInoH J216ueg Hbey  JAALY
IS IN0Us _ o1 o3 MO8 L1d
yinoy 1nous

‘mm uT yzbual pue By ur sjybreom ‘zesT UT paanjdes uosbanis pITTed woIy SOIISTIRAS

o

‘v oT14ElL



Four. factors likely contributed to increased netting success in
1992. These were abnormally low flows in the Missouri River in
the fall of 1992, use of radioed pallids to find unmarked fish,
netting in areas of known pallid habitat and modification of our
netting technique. Pallids were often found together. All but 4
pallids were caught while trying to recapture radioed pallids, or
while netting in areas where many sightings of pallids had
previously occurred.

Modification of our netting technique increased the amount of
bottom habitat sampled. We used a longer net, extended our float
lines and added a weight to the lead line. These changes assured
that a longer length of net fished the river bottom. Since
nearly all captured pallids were found near the lead line, these
modifications probably increased our netting efficiency. Using a
trammel net also allowed us to optimize our ability to catch both
large and small sturgeon during the same drift. Trammel nets had
the highest catch rates of pallids and shovelnose (3.4/hour and
18.8/hour). The second highest average annual catch rate of
shovelnose was 13.1/hour caught with 125-foot experimental gill
nets. However, no work was done to evaluate the relative
efficiencies of trammel nets in unbiased tests.

Morphological measurements of the 33 pallid sturgeon captured in
the study area in 1992 are shown in Table 4. A detailed
discussion of these measurements is found later in this report.
Pallids ranged in standard length from 1016 ~ 1537 mm, with
weights from 6.8 - 24.5 kg. The length and weight distributions
of the 1992 pallids are shown in Figures 7 and 8.

Radic transmitters were placed on 9 pallid sturgeon (Table 4),
which were caught downstream as far as river mile 1567, and
upstream to Yellowstone river mile 2 (Figure 3). Sex was nhot
determined for pallid sturgeon. Two pallids were monitored
throughout the field season, and transmitters were attached to 7
others during September and October. Radios worked well for an
initial location, while the ultrasonic transmitters were
beneficial to precisely locate fish for microhabitat
measurements. In general, signal reception from all types of
radios was satisfactory; many relocations were obtained
throughout the field season from the 2 pallids transmittered in
April and June, and 8 of 9 radioced pallids were successfully
relocated at least 3 times after tagging. However, the pallid
tagged in April (Type C, Table 2) was not relocated from July 10
~ September 1 and no relocations were obtained from one of the
radios with reduced output (Type H, Table 2). In all cases radio
reception was dependent on fish depth. When sturgeon were deeper
than 5 m it was difficult to receive a signal from any radio.
When water temperature dropped in November, several pallids were
not found during the first aerial pass. Signals were even more
difficult to receive in December when 70 % of the Missouri was

16

W

19

LIV



u o
PR |
0~




ice-covered. During the December flight none of the pallids with
low output transmitters were relocated.

Transmittered pallids were relocated as far upstream as river
mile 8 on the Yellowstone and as far downstream as river mile
1530 on the Missouri (Figure § -12). Movement above the
confluence was exhibited by 3 pallids and was always up the
Yellowstone. In early June, pallid 49.682 was relocated and
49.100/49.102 was caught up the Yellowstone (Figures 9 and 10).
Pallid 49.682 stayed near the confluence in the Missouri and in
the Yellowstone until early July. However, pallid 49.100 moved
40 miles downstream soon after it was transmittered. A third
pallid was found up the Yellowstone once in late October (Figure

10) . :

From July 10 - September 1, only one pallid, 49.100, was
relocated (Figure 10). This fish exhibited little movement
during this time, and was always found about 40 miles downstreanm
from the confluence, which is more than 20 miles further
downstream than any other pallid monitored during 1992.

During September and October, 8 transmittered pallids were
reloccated. Seven of these pallids moved less than 10 miles
(Figures 9 ~ 12). One pallid (49.050) had a 15 mile range
(Figure 10). ' '

MDFWP collected 31 habitat measurements from pallid sturgeon
(Appendix 3). Bramblett (Bramblett and White, 1992) made 322
additional observations of pallid sturgeon, which have been
edited here to include only those measurements where habitat data
. was taken and where movement occurred between observations
(Appendix 4). MDFWP found that pallid depth varied greatly and
averaged 2.5 m in April - June and 3.1 m from September - October
{Table 5). Nose velocity also varied greatly but averaged 0.6 -
0.7 m/s in the spring and fall. Most fall microhabitat
measurenents for both shovelnose and pallids were below the
confluence (Appendix 3) so it is interesting to note that pallid
relocations averaged nearly twice the depth, but had similar
velocities as shovelnose relocations (Table 5}. .

It is worthwhile considering what effect transmitters may have
had on pallid movement. Transmitter weights  (in air) ranged from
0.05% to 1.1% of the recipient pallid's weight, well within the
2% loading recommended by Winter (1983). After they were
transmittered all pallids displayed initial downstream movement.
The internally transmittered pallid (Figure 9) and pallids
transmittered with small external radios in September (Figure 11)
all headed upstream within 2 weeks. Pallids radioced
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Movement of 2 pallid sturgeon outfitted in

June and

September 1992, with 83 g external transmitters.
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Figure 11. Movement of 2 pallid sturgeon cutfitted in September
1992, with 14 g, 100 day external radio transmitters.
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Table 5. Summary of pallid and shovelnose sturgeon habitat
measurements taken in 1992 by MDFWP. Velocity in m/s

and depth in mn.

Velocity — . Depth

Date Species range _ (mean} range _(mean}
April - Pallid n= 7 n= 9
June 0.5-0.7 (0.6) 0.9 - 4.9 (2.5)
September - Pallid n = 17 n =18
October 0.0-0.9 (0.5) 0.8 - 4.9 (3.1)
May Shovelnose ) n= 4 RN n= 4 o

0.5-1.50 (1.0) . i,‘9/§ - 3.0 (38)}%-/
September - Shovelnose n= 14 " n = 14 o
October 0.4 ~ 0.6 (0.6) 1.2 - 3.7 (1.7)

in October never returned to the capture site (Figure 12).

Pallid 49.100 was the only sturgeon to exhibit extreme downstream
movement after it was transmittered. At 1.1%, the transmitter
loading weight for this fish was nearly twice that of any other
externally transmittered sturgeon. Since loading was much less
than 2%, it is likely that this 40 mile downstream movement was
normal. However, we are concerned that the balance and drag
problems which occur with external transmitters (Winter 1983) may
have influenced this pallids behavior. A set of transmitters
identical to those used on 49.100 was attached to a 22.2 kg (0.6%
loading) pallid on September 30. Within 2 weeks this pallid was
upstream of its capture site (Figure 10}.

We were not successful in recapturing transmittered pallids. We
did recapture a radioed shovelnose ten months after it was
transmittered.” This fish had internal transmitters similar to

those in pallid 49.682.

Most of the protruding antenna had

broken off and movement of the remaining antenna in the antenna

hole prevented healing.

Gardner (personal communication) recaptured 5 of his 6 radioed
pallids. One pallid with an internal radio and an intact
external antenna, recaptured 10 weeks after implantation, had an
cpen wound where the antenna protruded from the fish. As with
the shovelnose, the antenna could be moved through the opening

which prevented healing.

Two pallids with internal radios and

internal antennae had completely healed within 10 weeks. One
pallid with an external dorsal transmitter attached for 1 month
showed no evidence of soreness at the attachment site. A second
pallid, with an external dorsal radio, was not entirely healed
when recaptured one month after it was transmittered.
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Shovelnose sturgeon

Average annual catch rates for shovelnose were 10.6/hour and
varied by section, season and net type (Table 3 and Appendix 2).
Catch rates varied from 28.9/hour on the Yellowstone above the
Highway 200 bridge to 3.7/hour on section 5 of the Missouri. The
402 shovelnose captured ranged in standard length from 168 - 3809
mm with the majority between 500 and 600 mm (Figure 13).
Measurements of most of these fish are listed in Appendices 5 and
6. Since transmittered shovelnose moved freely between the
Missouri below the confluence and the Yellowstone River, all
shovelnose information was combined for analysis.

In 1992, shovelnose were implanted with radios which ranged from
1.5 % - 2.4 % (in air) of the fishes body weight. Table 6 gives
the statistics of transmittered shovelnose. Sex was not
determined on shovelnose 49.710, or on those implanted in the
Fort Peck tailrace. All other shovelnose implanted in 1991 and
1992 were females. Signals were easily received from the
internal transmitters with protruding antennae once implanted in
shovelnose. As previously described, the antennae hole of a
single recaptured, implanted shovelnose had not completely healed
ten monttks after surgery. We were able to successfully monitor
habitat end location of 11 shovelnose throughout the summer and
fall. Seven more shovelnose were relocated at least once in
1992. The two shovelnose transmittered with internal radios ,
containing internal dipole antennae were repeatedly relocated in
depths less than 12 feet.

Shovelnosie monitored in the Yellowstone and Confluence areas in
1992 were implanted downstream as far as river mile 1574 and as
far upstieam as Yellowstone river mile 71 (Figures 2 and 3, and
Table 6), Most relocations were below Intake but two shovelnose
were relocated above Intake Diversion Dam (river mile 71.1).
Five shovelnose were relocated below the confluence.

Shovelnosie movement followed two general patterns; large seasonal
movements from 40 - 70 miles or movements of less than 25 miles.
Five shovelnose ranged up and downstream long distances (Figures
14, 15, and 16). Three of these fish moved about 70 miles
upstream of the confluence, one of which moved above Intake. The
2 others moved 40 - 60 miles within the Yellowstone. 1In general,
these sturgeon were the furthest upstream in June and July and
the furthest downstream in the fall and winter. Three were
initiallyv tagged near Intake and 2 near the confluence. The
remaining shovelnose travelled less than 25 miles from their
place of implantation and did not follow any seascnal trends
(Figures 17, 18, 19 and 20). ©One of these shovelnose, 48.921
(Figure 20}, was last relocated in August above Intake, The two
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# of shovelnose per 50 mm increment

Figure 13.

150 200 250 300 350 400 450 500 550 600 850 700 750 800 850 900 950

Standard length in 80 mm increments

Standard length in 50 mm increments of 402 shovelnose
sturgeon caught in 1992 (maximum of increment
listed). :
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Table 6. Statistics of shovelnose sturgeon relocated in 1992, implanted

with radio and/or sonic (S) transmitters. Length in mm and

weight in grams (g).

Implant
location®™ Radio/Sonic Transmitter Total Fork Standard

Date __river mile frequency  type®(weight) Weight length length length
7/30/91 1770 3335 (8) 1 (28) 771 640 - -
7/31/91 1770 338 (S) 1 (28) 953 - - -
8/6/91 69 48.600/2525 A (73) 3087 919 - .
8/7/91 69 48.620/2236 A (73) 3405 927 - -
8/7/91 69 48.640/3342 A (73) 3087 914 - .
8/8/91 1574 48.660/22234 A (73) 3087 917 - -
8/8/91 1574 48.740/3333 D (39) 1771 856 - -
9/4/91 1579 48.760/23233 D (39) 2633 940 861 813
10/9/91 11 48.680/2442 A (73) - 919 823 764
6/1/92 71 48 .840/285 B (64) 3490 1021 945 889
6/1/92 69 48.861/294 B (64) 3200 886 823 760
6/1/92 71 48.921/357 B (64) 4200 1039 947 889
6/2/92 71 48.821/276 B (64) 3040 894 825 767
6/3/92 71 48.883/339 B (64) 3777 910 878 820
6/3/92 71 48.902/438 B (64) 3460 940 873 830
6/8/92 71 48.942/366 B (64) 2900 868 803 767
9/28/92 1581 49.710 E (40) 2300 894 820 7164
9,/28/92 1581 49.790 E (40) 2700 856 787 742

Y for Yellowstone miles
See Table 2 for transmitter specifics.
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Figu‘r.e 14. Long distance movement of 2 shovelnose sturgeon

implanted with transmitters near the confluence of
the Yellowstone and Missouri Rivers in 1991.
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fish implanted with radios with internal antennae stayed near the
confluence and moved less than 3 miles from September - December
(Figure 20). Limited late fall and winter movement was typical
of most sturgeon relocated in 1991 and 1992. Two shovelnose that
were implanted with sonic transmitters in the Fort Peck tailrace
in July 1991 were relocated in the tailrace in October 1992.
These fish had moved little since implantation.

We collected 34 habitat measurements from shovelnose (Appendix
3). Bob Bramblett (Bramblett and White, 1992) made 177
observations of shovelnose sturgeon, which have been edited in
Appendix 4 to include only those relocations where habitat
measurements were taken and where movement occurred between
observations. MDFWP found that shovelnose depth averaged 1.8 m
in May and 1.7 m from September - October, and velocity averaged
0.5 m/s during both time periods. (Table 5).

We recaptured a 754 mm (total length), 1.8 kg shovelnose at the

confluence that had been tagged at the mouth of the Tongue River
in 1980. This fish had grown 41 mm and 0.2 kg in 12 years..

Morpholegical Measurements

Percent of standard length and ratios of several morphological
measurements were used to differentiate between pallid and
shovelnose sturgeon. Percent standard length of 10 different
measurements taken from 320 shovelnose and 33 pallids are listed
in Appendices 7, 8 and 9. Percent standard length of most
morphometric measurements of individual pallids overlapped with
those of individual shovelnose (Table 7). Calculation of
several of these measurements into a character index value
(Appendix 1) resulted in distinct groupings of pallids and
shovelnose (Figure 21). The character index value varied from
387 to 520 for pallids, and 127 to 304 for shovelnose.

As in previous years, pallids captured in this study frequently
exceeded the morphometric ratios of Bailey and Cross (1954)
(Table B8). Individual values are shown in Appendix 10. Perhaps
size as well as geographic location were responsible for this
variation. The pallids used to determine Bailey and Cross's
ratios had standard lengths of more than 200 mm but less than 700
mm, while those captured in the Fort Peck pallid sturgeon study
were all greater than 1000 mm. Ratios from pallid and shovelnose
in our study area did not overlap. However, ratios from
shovelnose captured in this study did overlap those of pallids
examined by Bailey and Cross (1954).
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Table 7.

Range and mean of percent standard length of selected
morphological characteristics of pallid and
shovelnose sturgeon captured in 1992.

Pgl;iés

Shovelnose
(n = 33) (n=320)
Range _ (Mean) Range (Mean)
Head length 30.0 - 34.4 (32.2) 22.5 - 32.7 (28.4)
Snout length 14,7 - 20.1 (17.7) 13.1 - 18.9 (15.7)
Snout to outer 13.2 - 16,0 (14.6) 8.1 - 12.0 ( 9.7)
barbels
Mcuth to inner 3.6 - 5.6 { 4.5) 5.2 - 7.8 { 6.5)
barbels
Inner barbels 2.7 - 4.3 ( 3.6) 5.2 ~ 8.0 ( 6.5)
Outer barbels 7.6 = 11.6 ( 9.8) 7.2 - 10.8 ( 8.8)
caudal peduncle 12.4 - 18.0 (14.4) 12.7- 25.8 (17.6)
Snout to anterior 15.0 - 19.1 (17.3) 8.6 - 17.8 (15.3)
midmouth »
- 14.3 (13.1) 6.3 - 12.0 ( 8.8)

Snout to midbarbs 10.7
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Table 8. COmparlson of morphometric ratios' of pallid and shovelnose
sturgeon found by Bailey and Cross (1954} and those captured

in this study in 1992.

Ratie

Paltid sturgeon

Shove

1992 (n= 33)
Range (Mesan)

BAC (n=12-14)
Range {Mean)

1992 (n=320)
Range  {Mean)

urgeon
8iC (n=47)
Range _ (Mesn)

-

2.66- 4.11 {3.267
1.71- 2.72 (2.11)
5.82- 9.28 (7.21}
2.67- 5.06 (4.12)

91- 3.57 (2.74)

2.29-3.26 (2.87)
1.63-2.00 (1.80)
5.54-7.00 (6.31)
2.63-3.73 (3.26)
1.72-2.41 (1.98)

1.12-2.06 (1.50)
0.81-1.543(1.18)
3.59-5.62 (4.56)
1.13-2.50 (1.51)
1.12-1.83 (1.37)

1.27-2.19 (1.60}
1.07-1.42 (1.25)
4.00-5.04 (4.37)
1.26-2.50 (1.64)
1.17-1.48 (1.34)

6 6.96-11.0 (9.09% 6.35-B.00 (7.17)  3.57-6.99 (4.40) 3.65-5.76 (4.47)

Ratios are 1= snout to outer barbel:mouth to inner barbel, 2= mouth width:mouth to inner Borh-l, 3= head
tength:mouth to inner barbel, 4= snout to outer barbel:inner barbel, 5= outer barbel:inner barbel, 6= head
kength :inner barbel. :

3 B & ¢ values for shovelnose > 200 am.
Gne shovelnose had ratio 2 as 1.77, the mouth width was probably recorded incorrectly as 2.3 inches instead of 1.3

inches.

Based on field observation, the éharacter index, percent standard
length and ratios of several morphological measurements, no
suspected pallid-shovelnose hybrids were captured in 1992.

Larval Fish

Larval fish were sampled on the Yellowstone, 2 miles above the
confluence with the Missouri on June 21, July 15 and July 16,
1992. A total of 2678 m® was filtered. No chondrosteon eggs or
larval fish were found in any sample. Larval fish and eggs were
observed only during July sampling, and included 36 teleost eggs
and several larval fish including 9 suckers, 4 channel catfish, 1
goldeye, and 1 minnow. Gardner (personal communication) sampled
the Missouri and the Yellowstone weekly from May 26 - July 12 at
the above site as well as at Intake, the Fairview Bridge and the
Snowden Bridge. Preliminary results show 8 sturgeon larvae, 6§ of
which were collected from river mile 2. Sixty-two percent of the
sturgeon larvae were sampled during the week of July 12.

Other species

Goldeye, river carpsuckers, channel catfish, sauger, paddlefish
and blue suckers were the most common non-sturgeon species netted
(Appendix 2). Buffalo species, flathead chub, shorthead
redhorse, white sucker, walleye, cisco, and c¢arp were also
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capturecl. Throughout most of 1992, goldeye had the highest catch
rates of any species. Once we started using trammel nets goldeye
CPUE dropped dramatically, a change probably caused by mesh size.
Sauger vere only captured in April, May, September and October.
River czrpsuckers and blue suckers were common only in October
(Appendix 2).

Related Studies

In 1992, above the headwaters of Fort Peck Reservoir, Gardner
(personzl communication) caught 16 pallid sturgeon, four of which
were previously captured in 1990 - 1992, Gardner repeatedly
recaptured transmittered pallids. Pallids were not found
upstrean of Stafford Ferry. He also caught more than 1000
shovelncse. Gardner (1992) evaluated pallid/shovelnose
hybridization of sturgeon captured within his study area prior to
1992, ard based on the character index found no evidence of
pallid/shovelnose hybridization.

Backes et al (1992) were not successful in capturing pallids
above Intake diversion dam, but report of one pallid snagged by
anglers on June 26 at Intake. They netted 1083 shovelnose above

Intake in 1992.
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RECOMMENDATIONS

Commence a long term pallid project and increase crew size
so pallid research can be intensified throughout the study
area. A long-term commitment is needed to determine size-
structure, abundance, seasonal habitat use, migration
patterns and potential spawning areas of pallid sturgeon.
Insight into size structure and life history requirements
will help the CORPS manage the Missouri River to benefit

" pallid sturgeon.

Continue to use and improve telemetry techniques. In 1993,

we must continue to monitor the long term transmitters which
were previously deployed. Attempt to have 10 active radios

on pallids each spring so relocations can be obtained during
varying flows throughout the field season. Some shovelnose

located in the same area should also be transmittered for

species comparisons.

Using standardized sampling sites and radio telemétry
attempt to establish habitat preferences of pallid sturgeon

at varying flows.

Continue to collect habitat information from telemetry
relocations and drift netting sites. Standardize habitat
measurement collection by MSU and MDFWP crews.

Investigate possibilities for non-lethal stomach pumping for

sturgeon so food habits of pallid sturgeon can be evaluated.
Examine forage fish populations.
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Appendix 1. Calculations used to determine character index values
found in Figure 21.

1. Calculate percent standard length for head length, mouth
width, snout to outer barbel, mouth to inner barbel, inner
barbel, and outer barbel.

2. Find a single lowest and highest percent standard length for

each characteristic using both pallid and shovelnose data. Then
calculate the difference for these 2 values. For 320 shovelnose

and 33 pallid sturgeon we found the following values:

Minimum Maximum
Head length 22.5 (S) 34.4 (P)
Mouth width 5.1 (S) 10.7 (S)
Mouth to inner barbel 3.6 (P) 7.8 (8) LLIL/
Snout. to outer barbel 1 7.2 (8) 16.6 (py 7.9
Inner barbel 2.7 (P) 8.0 (S) 5.3
§t

Outer barbel 7.2 (8) 11.6 (P)

3. Calculate a character index value for head length with the
formula:

100 x (head length - minimum head length)/(max head length ~ min
head length) , .

4. Calculate index values for mouth width, snout to outer
barbel, and outer barbel the same way. For inner barbel and
mouth to inner barbel calculate as for head length but subtract
that number from 100. This will insure that the most pallid like
characteristics are all the highest numbers.

5. Add the 6 character index values for a total character index
value. :
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Appendix 2. Average monthly CPUE of common species1 (per hour of
drift netting) in 1992,
Het ¢ & # ¥ ¥ & # %
Month T/pe Section Minutes Drifts SNS PAL RC GE CC S8G PF B SU
April ep-100' 6 21 5 0 0 ¢ 6 0 0 1 0
emp-125"' 6 141 15 12 1l 0 1% 13 11 © 1
3" ~100Q° © 75 15 3 0 O 0 o © 3 0
Totals 237 35 15 1 0 25 13 11 4 1
CAE 3.95 hours 3.8 0.2 6.3 3.32.8 1.00.2
May ep-100' 6 27 2 1 0 0 3 2 2 0 0
3'- 100" 6 37 7 0 0 0 0 0 0 0 0
esp-100' 8 64 10 4 0 c 5 7 1 1 0
3'- 100 9 64 13 0 0 0 0 0 0 o 0
Tatals 192 32 5 0 0 8 9 2 1
CUE 3.2 hours 1.6 0 0 2.52.80.60.3 0
June ekp- 50' 2 106 12 7 o 0 6 0 0 0 1
exp-100" 6 37 4 10 0 0 3 26 0 Q0 0
exp~125' 8 95 15 65 0 l 4 3 0 O 1
erp-100"' 9 199 18 24 1 0 41 28 0 0 0
Totals 437 49 106 1 1l 94 57 0 O 2
CAUE 7.3 hours 14,5 -1 ,112.97.8 ¢ O 0.3
July exp-100' 3 31 5 1 0 0 3 0 0 1 0
exp~-100’' 6 152 g 11 0 g 1 3 0 0 0
exp~ 50' 13 14 2 0 0 o 0 0o O 0 0
éxp-125"' 6 147 11 11 0 0 0 0 0 0 0
__exp-100° 7 124 7 0 0 0 3 1 0 ¢ 0
Totals 468 34 23 0 0 7 10 © 1 0
CPUE . 7.8 hours 2.9 0] 0 .9 1.3 0 .1 0

r

“sNS=shovelnose; PAL=pallid; RC=rivercarpsucker; GE=goldey§?_CC=channel
catfish; SG=sauger; PF=paddlefish; B SU=blue sucker
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Appendix 2 continued. Average monthly CPUE of common species' (per hour of
drift netting} in 1992.

Net ' # ¢ & $§ & & # #
Menth Type Section . Minutes Drifts SNS PARL RC GE CC SG PF B su
August exp-100' 3 52 6 10 © ©0 1 0 0 0 0
exp-125' 3 15 1 10 0 0 0 0 0 0 O
exp- 50' S 4 1 6 0 0 2 0 0 0 O
exp-125' 5 55 14 -~ 3 0 0 8 0 0 0 1
exp-125' 6 1 1 6 0 O 0 2 0 0 0
Total 127 23 29 0 020 2 0 0 1
CPUE 2.1 hours 13,7 © 0 94 .9 0 0 0.5
Sept  exp-100* 3 63 14 12, 0 0 35 0 0 0
tram-150' 3 13 3 o 06 0 0 0 O© 0
exp-100' 5 51 7 4 0 037 0 0 0 ©
exp-125' 5 53 8 3 0 1 9 3 0 0 0O
exp-100' 6 55, } 14:7 1L opto 3 0 0 O 3
tram-150" 6 193% 37 :257 s/ 4 3 0 1 1 2
exp-100" é;tﬁ?gﬁy) 2 10 0 0 0 0 0 0 0
Totals 438 85 137 9 5 119 3 1 1 5
CPUE 7.3 hours 18.8 1.2 .716.3 .4.1 .1 .7
Oct  tram-150' 6 379 65 87 . 24 77 0 2 5 8 32
CPUE 6.3 hours 13,8 3.812.2 0 .3 .81.3 5.1
A P
Total ' 38.0 hrs 323 402 33 83274 9918 14 {:4{//;

!  sNS=shovelnose; PAlL=pallid; RCsrivercarpsucker; GE=goldeye; CCzchannel
catfish; SG=sauger; PF=paddlefish; B SU=blue sucker

44



Appendix 3. Pal.id and shovelnose

sturgeon habitat measurements from MDFWP crew.

Radio

River Flow

H20 Cond. Bottom Depth
temp. (uohms velocity fish max Turbidity

Date # Species® mile (CFS) (C) per cm) (m/s) (m) {m) {NTU) __ Substrate
4/11 49.682 P 1574.0 14120 4.0 610 - 4.9 5.5 - Sand
4/21 49.682 P 1567.0 22500 6.0 - - 0.9 6.7 6400 Sand
5/ 6 48.640 s 70.0 14700 18.0 364 1.50 1.8 - 225 Gravel
5/ 6 48.680 5 71.0 14700 18.0 364 1.20 0.9 - 225 Sand
5/13 48.760 S 1573.0 22170 14.0 382 0.70 3.0 - 510 Sand/Mud
5/14 48.660 S 27.0 17600 14.0 293 0.50 1.5 - 510 Sand/Mud
5/19 49.682 P 8.0 10700 20.0 4lé 0.60 2.4 - 120 Sand
5/21 49.0682 P 1572.0 19970 18.0 517 0.65 3.0 - 120 Sand
5/22 49.682 P 1567.5 19960 14.0 536 0.70 3.7 - 120 Sand
6/16 49.682 P 4.5 14600 20.0 416 0.60 2.1 - 975 Sand
6/18 49.100 P 1.0 21200 20.0 352 0.55 0.9 - 850 Sand
6/19 49.100 P 1580.0 29530 19.0 353 0.50 2.0 4.0 940 Sand
6/21 49.682 P 1579.5 47420 19.0 483 0.63 2.4 7.6 2190 Sand
7/16 49,100 P 1542.0 25390 20.0 495 0.85 - 4.0 4.3 625 Sand
8/12 3335 S 1770.0 5500 12.8 - - 5,8 - - -

8/12 338 S 1770.0 5500 13.8 - - 9.4 - - -

8726 3339 S 1769.0 5500 15.0 493 0.20 5.0 - 5 Sand

8/26 338 S 1770.0 5500 15.0 594 0.02 10.1 - 4 Sand

9/ 2 49.682 P 1568.0 11770 17.0 630 0.75 2.4 - 112 Sand/Gravel
9/ 3 48.622 5 21.0 5190 18.0 623 0.50 1.1 - 57 Sand

9/ 3 48.942 S 1582.0 11620 17.0 620 0.63 1.2 - 104 Sand

9/14 48.660 ] 1578.0 9820 15.0 638 0.50 1.2 - 64 Sand/Gravel
9/14 48.942 S 1581.0 9820 14.0 638 0.60 1.7 - 49 Sand

9/15 49.682 P 1565.0 9680 15.0 650 0.65 3.3 3.7 51 Sand/Gravel
9/15 48.680 S 1581.0 9680 15.0 625 0.65 1.3 - 74 Sand

9/16 48,540 P 1564.0 9520 14.0 618 0.90 4.6 - 51 Sand

9/23 3335 s 1569.0 3000 14.0 612 - 4.3 - 8 Sand

9/28 48.660 S 1580.0 9140 12.0 650 0.63 1.8 - 37 Sand

9/28 48.942 S 1580.0 9140 12.0 650 0.63 1.8 - 37 Sand

9/29 48.540 P 1573.0 9210 12.0 650 0.50 4.3 - 35 -

9/29 49 682 S 1575.0 9210 12.0 650 0.65 4.9 4.9 34 -

9/30 48.540 P 1574.0 9240 - - 0.45 2.1 4.6 32 Sand

10/ 7 48.520 P 1567.0 9590 - - - - - - -

10/ 7 48.540 P 1574,0 9590 - - - - - - -

10/ 7 49.050 P 1563.5 9590 12.0 662 0.59 1.5 - 41 Sand
10/ 7 49,682 P 1563.0 9590 11.0 652 0.55 2.0 - 44 Sand
10/ 7 48.660 S 1580.0 95%0 11.0 661 0.60 1.4 - 36 Sand
10/ 7 48.942 5 1580.0 9590 11.0 675 0.55 1.5 - 36 Sand
10/ 7 49,710 S 1580.5 9590 11.0 650 0.40 2.4 - 37 Sand
10/ 7 49.790 g 1580.0 9590 11.0 652 0.43 1.5 - 37 Sand

! P-pallid; S=shovelnose



Appendix 3. Continued. Pallid end shovelnose sturgeon habitat measurements from MDFWP

crew,
Water Cond, Bottom ___ Depth
Radlo River Flow temp. (uohms velocity £fish max Turbidicy

Date # Specles] mile ({cfs) (C) per em) {(m/s) (my  (m) (NTU)  Substrate
10/18 48.520 P 1574.0 10290 6.5 651 0.58 1.7 2.2 37 Sand
10/18 48,540 P 1574.5 10290 6.5 651 0.65 2.0 2.2 37 Sand
10/18 49,020 P 1573.0 10290 6.5 665 0.55 . 4.9 5.3 32 Sand
10/18 49,070 P 1573.0 10290 6.5 665 0.55 - 5.3 32 Sand
10/18 49.130 P 1573.0 10290 6.5 665 G.55 - 5.3 32 Sand
10/20 49.050 P 1.0 7390 7.5 676 - 1.8 2.4 39 Sand/gravel
10/20 49.790 S 1580.,0 10790 7.0 652 0.60 1.8 2.3 39 Sand
10/21 - P 1568.0 10780 7.0 - - - 4.6 45 Sand/gravel
10/21 49.682 P 1563.5 10780 79ézp 650 0.00 0.8 5.2 45 Sand
10/21 48.942 5 <O IFRPTC9.9 682 0.45 3.7 4.3 50 Sand
10/26 3335 S 1769.0 3000 11.7. - - 5.8 - - -

10/26 338 s 1770.0 3000 \11.7-° - - 10.1 . . .

10/27 48.540 P 1574.5 10340 . 8.5 678 0.40 4.6 5.9 54 Sand
10/27 48.942 S 5.5 3PEBINE.5 699 0.60 1.5 1.8 43  Sand
10/28 48.520 P 1573.0 10130 6.5 687 - 4.7 5.5 57 Sand
10/28 49,020 P 1564.0 10130 7.0 689 0.25 4.9 7.3 36 Sand
10/28 49.050 P 1569.0 10130 7.0 682 - 2.9 3.7 39 Sand
10/28 49.070 P 1565.5 10130 7.0 667 0.50 2.1 3.0 43 Sand
10/28 49.682 P _1567.0 10130 7.0 700 - - 3.0 - _sand/boulder

! p=pallid; S~shovelnose
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Appendix &. Habitat measurements of shovelncse and pallid ngturgoon tokon by Montana Cooporative Fish Rosearch Unit in
1892.
Cond Volocity Dopth Socchi
Radio River Flow Temp. (uchma Do surfaco bottom f£ish max Width disk Substrate
Date  Time [ ) Sp' mile (cfs) (C) fem) (mgfl) (mfo) (mfo), (m) {m} (m) (cm) typo®
5/19 - 48,682 P 5.0 10700 20.0 440 - 0.60 - 2.6 6.1 200 23.0 -
5/21 - 48.682 P - - 18,0 440 - 0.65 - 3.0 4.3 435 - -
5/22 1400 49,682 P 1568.0 18860 13.0 561 9.2 0.60 - 4.8 = - - -
6/ 5 1119 48.640 S 71.0 14700 - - - - - - - 340 - -
Bf 5 1727 48.860 3 50.5 14700 - - - - - 3.7 3.7 310 - -
6/ 8 1300 48.842 S 71.0 14700 21.0 3sz - - - - - - 27.0 -
6/ 8 1345 48.821 S 70.0 14700 - - - - - 1.3 2.1 3as0 - -
6/ 8 1535 48.822 S 67.5 14700 - - - - - - - 240 - -
6/ B8 1632 48.860 S 60.90 14700 22.0 360 8.5 - - 3.0 3.4 375 22.0 -
6/ B8 1130 4B 883} S 71.0 14900 18.0 349 8.5 - - - - 700 28.0 -
6/ 8 1130 48.680 S 71.q 14900 18.0 340 8.5 - - - - 700 28.0 -
6/ B 1130 48,802 S 71.0 14900 18.0 348 a.5 - - - - 700 28.0 -
6f B 1320 aB.6BO S 70.5 14800 - - - - - 2.1 2.1 150 - 4,3.8
6f 9 1320 48,640 S 70.5 14800 - - - - - 2.1 2.1 150 - 4,58
6/ 9 1357 48.842 5 70.5 14800 - - - - - 0.9 1.2 - - 4,58
6/ 9 1554 48.821 § 70.0 14800 23.0 - - - - 1.8 1.8 - - 1,2,3,4
6/ 9 1618 48.842 § 70.0 14800 21.0 - - - - 1.8 1.8 - - 1,3,4,5
6/ 9 1653 48,822 § - 14800 - - - - - 2.4 4.0 - - -
6/ 9 1729 48,861 § 60.0 14800 - - - - - 2.7 3.5 - - 1,3,4,5
6710 1406 4B .B42 5 71.0 14200 20.0 347 10.5 - - 2.7 3.5 - 24,5 3,5,8,7,8
6/10 1406 4B8.883 S 71.0 14200 - - - - - 1.5 3.1 - - 1,8
6710 1406 48.942 5 71.0 14200 - - - - - 1.2 1.7 - - 6,7,8,8,10
6/10 1437 48,821 § 70.0 14200 - - - - - 1.6 1.8 145 - 1,2,%,4,5,6
6/10 1658 48.902 8§ 70.5 14200 - - - - - 1.5 1.8 1890 - 4,58
6/10 1736 48.680 S 70.0 14200 - - - - - 0.8 1.8 225 - 3,4,5,8
6/10 1808 48,842 S 70.0 14200 - - - - - 1. 1.9 145 - 1,2,3,4,5,6
6/10 1832 4B8.8B22 S 67.5 14200 - - - - - 2,4 3.7 1i3 - 4.3
‘810 19264 4B.BB1 S 60.0 14200 - - - - - 2.4 3.0 120 - &5
6711 1513 48.883 S 71,0 12800 22.0 arz 0.3 - - 2.4 3.6 - 36.5 1,3,4,5
6/11 1614 48.640 § 71.0 12800 - - - - - 1.9 2.4 - - 4,5
6/11 1824 485.902 § 70.5 12800 21,0 - - - ~ 1.4 1.5 150 - 3,4,5,8
6/11 1658 48.842 § 70.0 12800 21.0 - - - - 1.6 1.8 127 - 1,8
811 1710 48,821 S 70.0 12800 21.0 - - - - 1.4 1.8 135 - 13,5
6/11 1725 48.842 § 70.0 12800 21.0 - - - - 1.8 1,8 150 - 8,7
6/11 1804 4B.680 § 69.0 12800 21.0 - - - - - - 150 - 3,8,5
6/11 1841 48.822 S 67.5 12800 21.0 - - - - 3.4 3.5 130 - 1
6/11 1828 48.861 S 60,0 12800 21.0 - - - - 2.3 3.4 110 - 1,4,3
6/12 1033 - 11800 20.5 378 8.0 - - A - - 45.0 -
6/12 1053 48.883 5 71.0 11800 - - - - - 1.2 2.4 145 - 1,4,5,68
6/12 1120 48,642 8§ 71.0 11800 24.0 - - - - 0.8 2.1 120 -  4,5,8
6/12 1147 48,902 § 70.5 118500 24.0 - - - - 1.5 1.5 182 - 5,8
6/12 1211 4B.680 § 70.0 11900 24.0 - - - = 1.3 1.5 135 - 1,458

Sp

= Species; S = shovalnose; F = pallid

¥ Turbulence may have caused inaccurated bottom velocity moasurements (Brambloett and White, 18982}

? D=pilt; 1 = sand; 2 = 4-25mm; 3 @ 25 - 50mm; 4 =50 - 75mm; 575~ 100 om; 6 = 150 - 225 mm;
7 = 225 - 300 mm; 8 = > 600 mm; 10 = bedrock.
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Continusd. Habitat messurements of shovelnose and pallid sturgeon taken by Montena Cooperative Fish Rescarch

Appendix &,
Unit in 1892.
Cond Valocity Depth Secchi
Radio River Flow TYTemxp. {(uchms Do surface bottom 2ish max Width disk Substrate

Date Time ¢ . Sp' mile (cfa) (C) [em) (mgs1)  (miw) (w/e)* (m} {(m) (m) (cm) type"
6712 1222 48,921 S 70.0 11900 24.0 - - - - 1.3 1.8 140 - 1,4
6/12 1242 48,942 S 70.0 11800 - - - - - 1.5 1.9 120 - 4,3,8
6712 1251 48.842 S 10.0 11800 24.0 - - - - 1.5 1.5 133 - 8

6712 1323 48.822 §° - 11600 24,0 - - - - 2.7 3.1 95 - 1

6/12 1404 48 861 S 60.0 11900 24.0 - - - - 1.8 3.4 127 - 1,4,5,6
6/15 1630 - 14300 18.0 404 7.0 - - - - - 5.3 - 5
6/15 1702 48,883 S 71.0 14300 - - - .87 0.73 1.3 3.4 120 - 1,4
6715 1718 48,042 S 71.0 14300 20.0 - - 0.18 0.24 2.3 3.8 120 - 1

/15 1747 4B 64D S 71,0 14306 20.0 hd - 1.40 1.18 2.1 2.3 100 - 8

5/15 1817 4B.802 S 71.0 14300 20.0 - - 1.31 0.35 1.3 2.1 145 - 4,5,6 B
6715 1902 48,821 S 70.0 14300 20.0 - - 0.82 0.73 1.2 1.7 125 - 1,2,3,%
6/15 1802 48.8B22 S 71.0 14300 20.0 - - 0.82 0.73 1.1 1.7 125 - 1,2,3,%
6716 - - - 15200 18.0 37z - - - - - - 12.0 -
8/16 1253 48.883 S 71.0 15200 18.0 - - 0.58 0.55 1.7 2.7 100 L

6/16 1319 48,821 S .0 15200 - - - 1.01 0.55 .4 2.5 80 - 8,7
6716 1358 48,822 S 71.0 15200 20.0 - - 0.52 0.48 0.8 1.1 149 - ]

6/16 "1426 4B.B640 S 71.0 15200 20.0 - - 2.18 1.37 2.0 2.1 105 - 4,5,6,7
6/16 1443 4&8.902 S 7.0 15200 19.0 - - 1.43 0.68 0.9 1.8 135 - 4,5,8
6/16 1510 48.842 § 71,0 15200 20.0 - - 0.52 0.15 3.7 3z 125 - 1

6/16 1551 48.842 S 70,0 15200 20.0 - - 1.22  0.37 3.4 3.8 115 - -
6/16 1638 48.882 S 80,0 15200 20.0 - - 1.89 1.07 3.4 3.6 115 - 1,8
6717 1122 48,622 S  14.0 16600 20,0 388 - - - - - 5 10.0 1

6718 932 49,682 P - 21200 20.0 370 8.0 1.43 0.30 - - 160 16.0 1

B6/18 1545 49.102 P . 4.0 21200 20.0 - - 0.43 0.15 - - 350 - 1

6718 1545 49.102 P 1.c 21200 20.0 - - 0.43 0.15 - - 350 - 1

B/189 752 49.682 P 4.0 32700 18.0 369 7.0 b | 0.12 - - 135 5.5 1,2
B/22 1310 49,682 P 8.0 38000 20.0 413 8.0 1.48 0.08 - - 75 4.5 1

B/24 1145 48,102 P 1576.0 43060 21,0 an 8.2 1.01 o0.12 - - 1100 3.8 1

6725 1025 48,102 P 1575.0 41830 21.0 472 5.2 1.58 <0.,00 - - 850 55 1

G726 614 48,640 S 70.5 28700 18.3% 332 8.5 1.85 0.82 - - 240 3.0 A5
6/26 717 48.902 § 70.0 28700 - - - 1.0 0.70 - - 185 - 1,4,5,8
6/26 747 48,883 S5 70,0 28700 20.0 - - 1.92 1,58 - - 200 - 2
6/26 942 48,942 5 70,0 28700 20.0 - - 1.92 1.58 - - 200 - 3

6/26 1029 48.842 S 63.0 28700 22.0 - - 1.77  1.74 - - 195 - 4,5,6
6726 1314 4B.B62 S 49,0 28700 22.0 - - - <0,00 - - 120 - 1

§/20 1430 48,682 P 4.0 24300 21.0 338 1.5 0.82 <«0.00 - - 200 8.0 1

6/29 1700 48,682 P 4.0 24500 21.0 - - 1.37 <0¢.00 - - 153 - 1

6729 1804 49.582 P 4.0 24500 20.5 - - 1.13 =6,00 - - 185 - 1

6/30 1724 49.682 P 3.0 24400 17.5 330 7.5 1.8% <D.00 - - 13s 7.0 1,2

7/ 1 1818 P 2.5 25000 17.0 345 7.5 1.8 <0 00 - - 135 7.0 1,2

3

49.662

Sp = Speciea; S = shovelnose; P = pallid

Turbulence may have caused inaccurate velocity measurements (Bramblett and White, 1882)

0=gasilt; 1= aand; Z = 4-25mm; 3 =25 - 50mm; 4 =50 - 75mm; 5=75- 100 pm; B = 150 - 225 mm;
7 = 225 - 300 om; 8 = > 600 mwm; 10 = badrock. '

L}l
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Appendix 4 Continuei., Babitet measurements of shovelnopo and pallid sturgoon takon by Montena Cooporative Fish Rosearch

Unit in 1882.
Cond Velocity Depth __ Secchi
: Radio fiver Flow Temp. (uchms DO ' gurfeco bottom figch max Width disk Substrato
Date Time g Sp' mile (c¥sy (C) [ cw) (mgfl) {mfa} (mfa)* (m) {m) (m) (em) typo®

7/ 2 1333 49.682 P 3.5 26200 17.5 ase 7.5 1.77 <0.00 - - 170 4.0 1,2
7/ 2 1541 49,100 P 1358.5 3a8p0 17.5 - - 0.70 «0.00 - - 160 - 0,1,2
7/ 3 842 49,682 P 3.4 38lo0 17.5 44 9.5 1.7¢ «=0.00 - - - 5.5 0,1,2
7f 7 1344 43,682 P 3.6 20400 22.0 378 8.0 1.48 0.2% - - 285 4.0 )
7/ B 1755 49100 P 1552.0 35870 22.0 476 9.8 0.48 <0.00 - - s 2.0 0,1
7/ 8 1755 49,100 P 1552.0 35870 - - - 0.82 «0.00 - - 350 - 0,1
7/ 8 1150 49,682 P 1576.5 34130 22.0 (3.1 8.2 1.25 <0.00 - - 500 2.0 1
¥/10 B50 4B.660 5 50.0 23100 21.0 443 8.0 0.7¢ 0.79 - - 130 3.5 2,3,4,5
7/10 1245 48,861 8 49.0 231p0 - - - 0.03 0.15 - - 100 - 1,2,3,4
7/10 1500 48.822 3 50.0 23100 20.0 - - 1.34 1.25 - = 145 - 2,3,4,5
7712 1151 48,100 P 1547.5 28820 22.5 508 8.0 1.18 <0.00 = d 175 3.0 1
7/13 1251 489.]00 P - 20210 20.0 500 8.0 1.16 <0.00 - - 220 5.0 t
7/15 1015 49,100 P 1544.0 26380 21.0 501 8.5 1.13 0,87 - - 800 5.5 1
7716 1000 48,660 S - 25720 20.0 il 8.0 1.04 8,01 1.2 1.8 145 11,0 3,4,68
7/168 1139 48.842 S 56.0 18000 20.0 - - 1.48 1,18 1.2 1.5 190 - -
7/16 1342 48, 622 5 71.0 18000 20.0 - - 1.58 1.55 2.4 2.4 185 - -
7/16 1421 48,883 S 71.0 18000 20.0 - - 1.77 1.25 2.1 2.2 125 - 3,4,5,8
7/16 1444 48,640 § 10.0 18000 20.0 - - 1.55 0.87 1.2 2.4 180 = 3.4,5,8
7/16 1306 48,942 S 69.5 18000 - - - 1.52 <0.00 1.8 3.5 150 - 3,4,5,8,7
7/16 1535 4B, 902 S 70.0 18000 - - - 1.37 0.18 1.5 3.7 150 - 1
7/16 1703 48.921 S 58.0 18000 - - - 1.88 0.08 2.9 3.1 125 -~  4,5,8
7/17 830 49,102 P 1541.0 17400 18.0 520 8.5 0.76 «0.00 2.4 6.7 230 7.5 0,1
7721 1314 48,102 P 1540.0 134p0 22.0 521 g.8 1.07 <0.00 2.1 2.9 205 8.% 0,1
7/23 630 49.102 P 1540.0 12500 20.0 540 9.0 1.28 =0.00 2.4 2.7 360 8.0 0,1
/23 2045 4R BB3 S - 12500 20.0 480 4.5 0.46 0.15 1.8 2.4 155 19.5 1
7/24 600 48.883 S8 - 12800 20.0 400 8.5 1.52 0.84 1.2 t.3 108 23.0 5,8,7
7726 1430 49,102 P 1539.0 15800 25.0 553 8.5 1.07 0.15 3.7 4.7 350 9.5 1
7127 1141 45.102 P 1530.0 16700 23.0 602 8.2 1.10 <0.00 3.7 47 400 8.5 1
727 1711 49,102 P 1539.0 16700 23.0 - - 1.04 =0.00 4.3 4.8 400 = 1
7/28 1313 49.102 P 1538.0 135000 22.0 560 - 1.07 «0.00 3.8 7.3 200 11.0 1
7728 1830 48,102 P 1539.0 15000 - - - 1.13 <0.00 5.3 6.0 110 = 1
7/29 1020 49.102 P - 13400 21.0 605 8.2 1.22 «<0.00 3.0 3.5 245 50 1
773D 1040 48. 840 8 70.0 12300 20,0 - - 1.34 0.73 1.4 1.5 200 - 8
7/30 1104 48.883 3 70,0 12300 20.0 624 10.0 1.43 0.08 1.9 1.9 150 4.0 1,3,4,5.8
T30 1206 48.622 S 64.0 12300 20.5 - - 1.22 <«<0.00 2.1 3.2 110 -1
7130 1340 4B . BAZ B 55.0 12300 21.5 - - 1.37 =«<0.00 3.0 3.5 70 - 1,3
7/30 1430 48.822 S 54.0 12300 22.0 - - - - - - 150 - 4,5,6
7730 1504 48 680 S 51.0 12300 22.0 - - 1.71 1.31 0.9 1.7 85 - 3,4,5
7/30 1747 48,902 B 68.5 12300 22.0 - - 1.48 0.49 1.5 2.5 120 - 3,4,5,6
7/31 1225 48.622 8§ 64.0 11200 22.0 645 B.2 1.7 1.31 1.4 3.4 28 3.5 3,4,5,6
7/31 1225 48.902 S 68.0 11200 = - - 1.40 1.13 1.3 1.8 210 - 3,4,5,6,7.8
7431 1247 4B.640_ S 69.5 11200 - - ha 1.82 1.28 0,8 1.1 120 - 3,4,5

' S5p = Species; S = sliovelnose; P = pallid
Turbulence may have caused inaccurate bottom velocity moagsurcments.

 Qwopilt; 1 =sand; 2 = 4-25 mn; 3= 25 - 50 om; 4 = 50 - 75om; 5o 75 -~ 100 mm; 6 = 150 - 225 mm;
7 = 225 -~ 300 om; § « > 600 mm; 10 = bedrock.
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Continued. Habitat measurements of shovelnhoss and palliid sturgecn taken by Montana Cooperative Fish Resesrch

Appendix 4.
Unit in 1862,
Cond Valocity Depth Secchi
Radio River Flow Temp. (uchms Do surfacs bottom fish mex Width disk Substrate
Date Time ) Sp' mile (cfs) {(C} fem} {(mgfl} {mia} (m/s}* (m) {m) (m) (cm) _ type?
7/31 1213 48.883 S 70.0 11200 - - - 1.10 0.27 1.0 1.4 225 - 3,458
8/ 4 1120 49.100 P 1537.0 1B160 20.0 632 9.0 0.81 =0.00 3.0 4.8 250 8.0 -
8/ 5 1040 48.660 S - - 21.0 639 9.0 2.13 1.22 1.4 1.5 100 8.5 3,4,5
Bf14 1731 48.883 S 71.0 5730 25.0 705 8.1 - - 1,2 - 2715 22.0 @&
8/14 1800 48,640 8 - - - - - - - 1.8 - 170 -  3,4,5,8
8/15 B45 48.840 S 70.0 5730 23.0 729 7.5 - - 1.4 - 170 28.0 7
8/15 1045 48.822 S 61.0 5730 23.5 - - 1.83 - 2.0 - ;s - 7
815 1128 38.802 B 58.3 37230 24,0 - - - - 1.8 - 180 - 8
B/15 1300 4B8.842 S - - - . - - - - 2.8 - - - 1,2
B/15 1412 48.560 S 52,0 5730 - - - - - 1.3 - 215 - &
8716 1702 48.54D S - - 27.0 720 19.0 - - - - - 35.0 -
8/17 1024 48.B4D S - - 25.0 T30 8.5 0.91 - 1.0 - 123 30.0 3,4
8/17 1300 48.622 . 8 - - - - - 1.83 - 2.0 - 105 29.0 5,6
B/17 1300 48.802 S - - - - - 1,83 - - - 254 - 6
B/17 1352 48.842 S - - - - - - - - - - -
Bf17 1425 &8.B60 8§ - - - - - 0.8 - 1.2 - 173 - 4.3

3

Sp = Spacies; 5 = shovelnoaes; P = pallid

Turbulence may have caused inaccurate velocily reedings (Bramblett and White, 1952)

0= 8jlt; 1 ~nand; 2« 4-25mm; 3 =25 - S0 mm; 4 = 50 - 75mm; 5= 75 - 100 mm; 6 = 150 - 225 mm;
7= 225 - 300 pm; 9 = > 600 mm; 10 = bedrock,
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Appendlx 5. Measurements®! (mm) of shovelnose sturgeon captured from the Missouri River in

1992.
A I F B E D c H G J
Snout Mouth Snout Snout
Mouth to to Inner OQuter to to Caud Weight

Total Fork Std Head Snout width outer Inner barbel barbel mouth barbs ped Girth (kg)

- - 292 86 48 20 33 18 15 21 48 30 64 102 -
- - 183 48 28 13 18 10 10 15 25 15 46 38 -
- - 335 89 51 18 30 18 20 28 46 28 74 102 -
- - 168 55 28 13 15 13 13 15 28 15 41 51 -
- - 229 61 33 18 25 15 13 18 33 18 48 71 -
- - 180 46 28 15 18 10 10 15 28 15 43 30 -
284 259 236 69 36 15 23 12 12 18 36 20 61 91 -
361 325 302 84 48 18 30 18 20 28 46 25 66 89 -
381 348 320 86 48 23 28 23 15 23 48 25 61 9 0.1
391 350 325 89 51 25 3 20 18 28 51 30 74 107 -
444 412 381 12 66 30 41 25 28 36 6l 36 76 135 -

452 401 381 (07 64 28 36 20 20 30 58 36 g6 112 0.2
478 427 396 14 64 30 41 25 25 36 64 36 79 117 0.3
483 434 404 12 53 33 43 25 25 36 64 38 84 119 -

488 439 412 119 69 30 45 28 28 41 69 43 84 124 0.3
488 439 412 114 64 36 41 25 28 36 64 36 84 119 0.3
498 437 412 07 64 28 38 28 28 36 58 36 94 122 0.3

498 450 417 'l 66 30 41 25 25 33 64 38 84 122 )
498 444 417 112 64 30 41 23 23 30 64 38 84 122 -
500 460 432 124 71 30 43 28 28 41 66 41 91 135 0.3

510 452 422 |17 66 33 41 25 25 33 64 38 84 135 -

518 470 439 135 76 43 46 33 30 36 74 41 B 137 0.4
526 480 452 117 66 30 41 28 o 38 66 38 91 132 0.4
536 475 444 122 69 33 - 46 25 25 33 69 41 89 132 0.4
556 508 467 130 74 30 43 30 28 41 71 41 96 147 0.4
559 510 480 137 84 36 48 33 33 41 4 41 86 180 0.7

561 503 472 126 71 33 46 30 33 43 71 43 9 -
564 493 457 130 66 58 41 33 30 41 69 38 91 135 0.4

566 508 475 137 76 33 48 33 33 46 76 41 34 145 -
569 521 483 a2 79 38 51 33 33 41 79 43 86 150 -
569 518 483 132 71 36 48 30 33 41 76 41 94 142 -
569 516 488 a0 79 30 46 33 36 46 76 41 B9 142 0.4
579 521 480 37 79 33 53 30 i3 38 76 43 94 152 -
579 549 516 147 79 43 51 33 33 43 76 43 89 163 -
579 533 521 155 Bl 36 48 41 36 48 81 41 86 168 0.7
584 533 500 147 86 38 51 33 33 43 79 48 96 170 0.7
587 544 513 las5 81 4l 46 30 33 46 74 43 8 183 -
587 544 513 145 81 33 51 33 1 46 79 46 104 163 -
589 538 498 137 76 36 53 30 30 41 76 41 96 152 -
589 531 493 142 79 41 46 33 36 48 76 43 104 - -

! See Figure 3 for placement of measurements,
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Appendix 5. Continued.

Measurements® (mm) of shovelnose sturgeon captured from the

Missouri River in 1992.

Total

Fork Std Head Snout width outer inmer barbel

A

589
589
589
592
594
594
597
599
602
602
602
604
607
607
610
610
612

612

615
615
617
617
620
620
622
622
625
627
627
627
630
630
630
630
632
632
635
635
635
635

538
544
546
528
533

549.

549
564
556
559
541
572
574
561
566
559
544
566
564
572
572
559
559
566
572
559
572
589
579
579
574
561
569
572
566
574
587
582
577
579

506
503
508
493
503
516
516
554
518
521
513
538
536
526
523
523
510
528
531
541
541
523
518
531
533
523
531
551
546
544
541
523

531°

533
538
536
549
538
341
536

140
142
155
147
145
155
147
145
147
145
150
155
147
150
152
152
135
160
145
145
152
140
158
158
158
150
152
152

155

165
158
163
150
152
1560
158
160
165
150
165

1

76
76
84
81
79
86
79
84
81
81
89
89
81
84
81
86
76
89
81
89
84
76
81
91
89
84
84
84
89
89
79
91
84
79
94
89
89
91
84
89

F

B

Snout Mouth

Mouth to

36
41
43
41
36
43
41
36
41
38
38
41
41
33
40
36
36
36
41
41
43
38
43
38
43
36
41
36
k1
58
41
43
41
43
43
43
36
43
38
43

46
48
51
48
46
58
43
48
46
48
56
48
46
48
48
48
46
53
53
51
48
56
51
56
58
51
53
51
56
56
46
56
53
51
53
56
53
58
48
61

E

to

36
36
36
30
30
36
38
33
36
38
33
38
33
36
K1

"33

30
36
33
36
36
30
33
36
41
38
41
36
36
41
36
33
33
36
36
38
36
36
36
36

D

Inner Outer
rbel mouth barbs

-33
33
33
30
28
36
38
33
30
36
33
36
33
36
38
36
33
36
33
36
36
33
33
33
36
38
41

36

36
36
36
36
36
36
36
36
38
36
36
i3

c

41
43
43
46
46
46
43
51
46
43
43
51
48
46
51
48
48
48
41
46
48
46
43
43
48
51
53
53
48
48
46
48
48
46
53
43
51
46
46

46

H

Snout Snout

to

79

. 76

84
74
74
86
79
76
76
76
86
81
76
76
76
79
74
84
84
81
81
76
81
89
89
81
84
79
86
86
79
86
81
84

84

84
84
86
g1
86

G

to

41
41
43
43
41
51
43
43
43
38
53
43
41
41
38
46
43

46

43
46
48
43
48
53
53
46
48
46

51

48

41

51
51
51
48
48
66
48
46
48

J
Caud
ed Girth
94 -
89 168
8 178
81 -
112 168
81 178
89 158
86 178
94 165
94 165
94 160
94 190
102 165
91 158
96 178
96 170
102 168
94 170
91 155
107 183
99 160
99 158
91 -
86 160
89 178
94 178
91 155
107 185
107 185
96 198
94 155
86 178
96 178
99 19¢
94 183
94 165
96 201
96 163
102 163
86 -

Weight

0.7

oo [
o o h

DO O
~ o~

oo
o O

1

See Figure 3 for placement of measurements.
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Appendix 5. Continucd. Measurements! (mm) of shovelnose sturgeon captured from the
Missouri River in 1992. .

A I F B E D c H G J
Snout Mouth Snout Snout
Mouth to to Inner Outer to to Caud Weight
Total Fork Std Head Snout Width outer inner barbel barbel mouth barbs ped Girth (kg)
635 584 579 142 79 36 51 36 38 46 81 46 107 173 -
635 577 541 17 79 33 51 30 30 43 76 43 107 170 -

638 574 531 152 86 43 51 33 33 48 86 48 107 -
638 574 546 148 86 41 56 36 30 43 86 51 96 188 -
638 589 549 1w B89 51 53 41 38 53 89 51 89 173 -
640 594 551 170 86 43 56 33 36 51 61 48 94 168 -
640 574 536 1352 86 41 48 41 41 48 79 43 112 165 0.6

640 589 554 135 B4 36 53 33 33 48 81 48 94 190 -
643 594 551 1538 86 43 48 33 33 51 79 48 91 180 -
643 599 564 127 76 36 48 33 36 46 - 79 41 102 168 -
643 589 546 155 Bl 43 51 36 36 48 79 46 99 158 0.8
645 610 564 163 86 43 51 38 38 48 86 51 104 190 0.9
645 569 549 145 84 38 51 33 30 41 81 48 99 173 0.7
648 572 538 140 T4 4] 48 33 33 48 76 43 102 160 0.6
648 599 559 158 B6 48 56 38 36 48 84 56 91 198 1.0
650 584 544 163 86 28 56 30 28 41 81 48 94 - -
653 594 561 65 91 43 51 g 36 51 89 46 91 180 0.9
653 617 551 50 81 41 53 kK1 38 31 86 48 102 168 -
655 597 564 l45 81 41 46 33 38 48 79 46 107 178 0.8
655 610 566 163 B& 43 51 38 38 33 81 43 102 190 0.9
653 592 556 150 84 41 56 38 38 48 81 51 89 165 0.7
658 597 559 155 79 51 58 33 36 53 84 51 89 175 -
658 610 569 165 96 43 61 38 38 51 91 53 99 190 0.9
658 597 561 160 - 89 43 53 38 38 53 89 3t %9 180 0.9
660 599 564 158 91 46 58 3B 38 48 89 53 109 178 0.8
660 597 564 170 96 46 66 38 38 53 94 58 86 178 0.9
660 655 572 158 96 46 ‘53 36 36 48 86 51 94 51 -
660 589 544 152 81 41 51 36 38 33 84 48 86 188 0.8
663 599 566 158 B4 46 51 38 38 56 84 48 94 188 -
663 602 564 165 91 41 56 38 38 51 8% 51 81 165 0.7
666 612 584 165 89 43 56 38 36 51 84 51 99 173 0.9
666 615 579 165 86 46 51 33 33 46 81 46 76 - -
666 610 572 165 94 48 56 38 38 53 86 51 99 198 0.9
666 610 572 165 89 43 58 38 38 . 48 89 51 94 183 -
666 592 554 150 B9 36 36 36 36 48 79 43 112 163 0.7
668 620 574 165 91 43 61 36 36 53 89 53 89 206 1.0
668 610 577 165 -91 38 - 53 g - 38 48 89 53 104 193 -
668 627 597 170 96 43 56 41 33 48 921 51 99 206 1.1
668 607 574 168 104 43 61 38 33 46 94 56 107 193 -
671 €15 579 158 94 41 56 36 38 56 86 53 109 170 0.8
671 613 579 165 94 4] 53 41 36 51 849 48 112 201 1.0

! See Figure 3 for placement of measurements.



Appendix 3. Continued.

Measurements! (mm) of shovelnose sturgeon captured from the

Missouri River in 1992,

A I F B E D c H G J
Snout Mouth Snout Snout
Mouth to to Inner OQuter to to Caud Weight
Total Fork Std Head Snout width outer inner barbel barbel mouth barbs ped Girth (kg)
671 610 569 155 81 4l 48 43 41 51 91 56 107 - 0.9
671 599 559 158 89 41 56 43 41 48 B9 48 117 183 0.9
673 627 587 1715 96 46 64 41 38 51 94 53 112 198 -
673 615 574 168 . 99 36 64 41 36 48 39 53 96 163 -
673 610 569 168 91 48 56 38 38 48 86 51 99 185 0.9
673 625 589 165 B9 46 56 36 36 48 36 48 104 - -
673 622 589 165 86 48 56 38 38 51 89 51 96 173 -
676 617 577 165 94 41 53 38 41 58 89 51 96 216 1.0
676 640 610 168 96 43 58 43 43 58 91 51 164 208 1.0
678 625 589 170 94 46 . 353 46 43 56 91 51 99 201 1.1
681 635 597 170 96 48 58 41 41 58 89 51 107 201 -
683 625 589 173 94 46 53 41 38 53 N 51 107 193 1.0
683 615 587 170 B9 46 58 38 s 58 91 53 102 193 0.9
683 638 599 173 94 51 58 41 43 58 91 51 96 198 -
686 615 584 165 89 43 51 41 36 51 81 46 96 193 1.0
686 622 584 168 89 48 58 36 38 56 89 53 102 201 -
686 622 582 158 81 48 53 41 38 48 89 51 107 211 1.1
686 625 589 173 94 38 56 41 41 56 91 51 107 229 -
688 640 599 178 104 43 61 38 38 53 99 61 102 193 -
688 625 584 168 94 4l 61 36 36 48 94 69 122 198 -
688 635 594 168 86 51 53 36 36 51 86 51 104 178 -
681 645 607 173 91 46 58 36 36 46 91 48 117 - -
693 635 599 165 91 46 58 41 a3 48 99 61 94 190 1.0
693 625 589 168 89 48 61 38 41 58 89 51 102 188 -
693 622 574 165 96 46 58 38 41 58 9l 51 114 196 -
696 653 415 163 86 43 53 38 41 51 84 43 109 180 0.9
696 632 584 170 94 48 56 46 41 51 94 51 102 178 0.9
696 643 602 178 104 48 61 38 38 53 99 58 102 213 -
696 650 615 180 102 53 64 41 41 53 96 58 109 203 -+ -
698 625 589 163 89 46 | 61 38 41 64 91 53 104 190 1.0
698 645 610 165 91 36 56 41 41 56 89 48 104 - -
701 640 597 173 96 48 64 43 43 51 94 56 112 188 -
701 630 594 168 91 43 64 38 36 53 96 58 104 193 1.0
701 635 602 173 96 41 58 38 k13 48 g1 53 104 188 -
701 645 607 168 89 51 58 41 43 b4 89 51 9% 178 0.9
704 627 592 170 96 48 6l i8 kY] 58 99 58 94 196 0.9
706 622 589 165 89 43 61 38 38 51 91 53 114 190 -
706 648 607 173 94 53 61 43 36 56 96 56 107 229 1.2
709 635 594 170 91 46 56 38 36 51 89 51 99 190 -
709 627 594 168 102 43 61 38 38 51 94 56 99 193 -
709 845 607 173 91 43 53 38 38 53 89 51 107 203 -

1

See Figure 3 for placement of measurements.
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Appendix 5. Contiaued. Measurements®' (mm) of shovelnose sturgeon captured from the

Missoari River in 1992,

F

A 1 B E D C H G J
Snout Mouth Snout Snout
Mouth to to Inner Outer to to Caud Weight
Total Fork Std H:2ad Snout width outer finner barbel barbel mouth barbs ped Girth (kg)
709 650 604 168 B4 51 53 a8 38 51 86 48 102 190 0.9
711 640 620 L75 94 41 56 38 38 51 94 51 107 173 -
711 660 625 175 94 48 56 43 41 58 94 51 112 196 1.0
714 643 604 163 86 41 56 36 36 . 48 86 48 112 - -
714 666 627 175 96 51 58 43 43 53 91 53 107 226 1.4
714 648 615 170 94 43 56 38 36 46 89 51 112 231 1.4
716 638 594 155 81 46 51 38 36 48 86 51 99 178 0.9
716 655 617 165 102 48 66 41 41 56 96 56 102 216 1.2
716 668 622 180 96 46 61 43 41 48 96 58 109 - -
716 655 617 170 94 43 56 38 36 53 91 53 119 206 1.1
719 655 612 175 99 43 64 38 41 53 102 61 96 180 -
721 660 625 180 94 56 58 46 46 6l 94 53 96 229 -
721 650 612 165 91 46 58 38 38 51 89 51 99 198 1.0
726 666 635 180 99 43 64 41 41 53 96 56 107 183 1.0
726 645 615 175 102 46 61 38 36 48 96 58 119 201 1.0
726 666 620 188 104 51 66 41 41 61 107 64 96 198 1.1
726 666 610 168 91 51 58 41 41 56 94 56 109 203 -
734 673 627 170 91 51 56 41 41 51 91 51 107 190 1.1
734 663 615 175 91 56 61 38 43 58 99 61 102 213 -
734 686 622 152 Bl 43 51 38 38 51 84 48 112 180 0.9
734 681 640 185 99 58 64 46 43 51 99 5 109 211 -
737 688 645 183 102 46 58 46 43 58 96 53 109 211 -
737 666 632 185 107 48 64 41 41 53 102 66 107 206 -
737 676 627 185 96 51 6l 43 46 58 96 56 109 - -
737 673 638 168 89 51 58 36 36 53 89 51 109 221 -
737 678 632 175 94 51 61 43 38 53 96 56 107 190 1.1
739 658 617 183 104 46 64 43 43 61 102 61 117 196 1.1
744 686 645 178 96 51 56 43 41 56 94 53 109 216 -
749 696 655 188 104 48 64 48 46 58 . 109 64 102 216 -
749 704 658 180 94 51 61 43 43 58 99 56 114 229 1.4
752 681 650 188 112 53 69 46 43 56 109 61 109 203 1.4
752 678 645 183 109 46 69 46 43 56 104 61 122 208 -
752 686 643 183 104 51 64 46 46 64 99 56 107 213 1.3
752 716 673 193 102 56 66 51 51 64 107 58 107 224 1.5
754 688 640 178 94 53 64 43 43 61 99 53 104 206 -
754 691 648 173 91 51 58 43 43 61 94 51 114 213 1.4
760 714 668 196 104 51 61 46 48 66 107 58 109 229 1.5
762 701 648 178 89 58 53 46 46 61 94 51 102 213 -
762 706 660 188 1062 53 64 46 43 56 102 56 102 206 1.3
767 691 650 175 91 51 64 43 41 53 96 56 107 211 1.4
767 693 638 175 91 51 61 43 46 64 99 58 104 229 -
767 701 655 185 96 56 6l 43 41 58 91 51 122 - -

1

See Figure 3 for placement of measurements.
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Appendix 5. Continued. Measurements’ (mm) of shovelnose sturgeon captured from the

Missouri River 1n 1992.

208
229
218
226
236
190

216 -
224

224
252

. 218

229

241
211
216
254
259
211
213
224
241
229
254

218
259
241

231
218
279
259
297
290
259
279
231
262
310
262
254

Weight

1.5
1.4

-
Mo

A I F B E D c H G J
Snout Mouth Snout Snout
. Mouth to to Inner Outer to to Caud
Total Fork Std Head Snout width outer inner barbel barbel mouth barbs ped Girth (kg)

770 693 650 180 102 58 64 43 41 51 99 56 102
770 896 648 180 91 56 64 41 46 56 99 56 109
770 698 658 183 94 58 58 48 46 64 102 56 112
772 732 691 201 114 53 66 43 46 56 107 64 122
772 701 660 198 109 56 69 46 43 61 109 64 109
775 698 655 185 99 51 64 46 46 64 102 58 114
775 716 673 193 114 51 76 43 46 64 114 69 107
777 698 660 185 109 43 66 46 48 66 104 61 122
780 711 671 193 104 56 66 48 48 58 ¢ 107 64 102
780 706 660 193 107 56 66 38 41 53 99 61 109
780 709 671 188 107 51 69 43 46 6l 104 61 124
782 701 660 190 102 58 64 41 41 61 102 64 107
782 711 671 180 96 48 64 41 43 58 102 61 112
785 721 683 198 117 53 74 48 36 64 114 71 107
787 709 668 180 104 51 61 41 41 58 94 56 119
795 726 688 195 112 53 66 46 46 64 112 64 122
800 732 691 201 107 56 69 51 51 64 112 64 112
800 719 686 198 114 S8 71 43 46 64 112 69 117
800 726 681 198 107 61 69 48 51 66 109 61 109
800 724 681 203 114 6l 74 48 48 64 114 66 107
810 752 704 206 112 &6 66 51 51 69 107 58 127
810 732 686 185 99 58 64 43 43 66 96 53 114
B13 749 698 203 102 56 66 48 48 64 109 64 114
B18 767 719 206 112 56 66 51 53 66 109 58 107
820 757 706 203 107 58 71 46 41 58 107 64 112
823 742 711 198 107 48 64 46 46 71 107 61 - 137
831 760 724 208 119 61 ral 53 56 74 112 64 122
831 777 732 213 114 61 66 51 51 69 114 64 114
833 775 729 213 117 64 66 48 46 58 112 66 132
836 764 721 203 117 53 74 48 46 64 117 69 117
836 770 729 216 114 &6 66 46 46 64 112 64 135
848 787 737 211 112 &9 69 48 48 76 107 64 112
848 757 706 198 109 48 64 48 46 61 94 56 109
856 787 742 229 119 16 79 51 51 74 119 71 104
864 B15 775 221 114 6% 76 48 48 74 114 69 112
Be4 787 749 211 109 58 71 48 48 69 114 66 114
871 798 747 206 109 64 66 51 51 69 107 58 132
874 780 732 211 109 58 71 46 46 . 61 117 71 119
B79 787 742 213 117 66 76 51 53 74 64 66 114
884 813 757 221 117 69 76 48 51 66 119 71 117
892 828 777 221 117 71 69 53 58 81 - 109 58 1lil4
B94 820 764 224 119 66 74 . 51 58 81 117 66 117
902 838 780 221 127 64 81 51 51 69 127 74 127

284

1

See Figure 3 for placement of measurements.
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Appendix 5. Continued. Measurements' (mm) of shovelnose sturgeon captured from the
Missouri River in 1992.
A I F B E D c H G J
Snout Mouth Snout Snout
Mouth to to Inner Outer to to Caud Welght
Total Fork $td Head Snout width outer inner barbel barbel mouth barbs ped G&Girth (kg)
922 841 798 234 132 69 Bl 56 64 86 130 76 124 254 2.4
922 848 798 229 132 69 81 53 53 69 130 76 142 305 -
925 843 798 231 127 58 84 53 53 71 132 81 109 279 2.9
927 836 787 224 117 66 74 51 53 66 119 66 127 264 2.6
940 846 790 216 114 71 69 51 51 76 119 66 122 269 -
940 853 813 229 130 58 79 48 53 76 122 74 135 305 3.3
970 909 848 241 124 74 79 56 51 74 127 76 135 269 -

1

See Figure 3 for placement of measurements,
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Appendix 6.

Measurements® (mm) of shovelnose sturgeon captured from the Yellowstone in

1992,

132

163

152
155
158

0.3

OO COHOO
[= 3R RN e i < I 2

oo oM
[l - - N - -]

=
R Y-

Weight

A 1 F B E D c H G J
“Snout Mouth ' Snout Snout
: Mouth to to Inner Outer to to Caud
Total Fork Std Head Snout width outer inner barbel barbel mouth barbs ped Girth (kg)

406 366 335 104 64 25 36 20 20 28 56 33 74
538 485 455 127 66 1 46 28 28 36 71 43 86
554 500 460 140 76 43 46 30 28 43 61 43 81
566 521 483 137 . 74 38 46 30 30 41 76 46 79
566 516 475 142 76 33 46 28 30 41 71 43 89
572 513 480 132 76 33 43 28 30 43 76 46 91
594 546 508 142 79 33 48 33 33 43 76 43 91
599 544 500 150 86 30 51 33 36 46 79 51 81
617 559 523 140 81 41 51 30 33 48 79 46 102
625 566 523 152 86 41 56 30 33 48 8l 51 96
627 584 544 158 89 36 56 36 36 48 86 46 94
630 569 533 150 79 43 48 33 33 48 76 43 89
630 589 549 163 8T 36 51 36 36 56 79 43 91
635 566 523 142 79 36 51 30 33 43 79 46 102
638 582 538 165 89 46 51 38 38 48 86 48 91
640 582 536 165 89 41 58 36 33 48 89 51 96
643 584 546 155 86 41 58 33 33 43 86 48 96
645 589 556 152 84 41 51 41 . 38 58 84 43 99
653 602 561 165 81 46 51 36 36 51 79 46 94
658 599 554 163 94 36 56 36 36 51 89 51 91
660 594 554 155 86 43 56 36 30 48 89 51 102
660 594 549 150 81 41 51 33 33 _41 79 43 99
663 599 556 160 89 43 58 38 38 53 89 48 109
666 597 559 173 86 43 51 36 33 48 81 46 102
666 604 564 173 91 48 61 43 43 58 91 51 94
676 620 587 155 91 43 61 43 41 48 89 51 107
676 625 584 170 96 46 64 41 38 51 91 53 109
676 610 574 168 91 46 58 36 33 48 91 58 109
683 630 594 165 8% 46 56 36 36 51 89 51 109
683 627 584 178 102 43 70 43 41 56 104 61 91
696 640 589 168 94 51 58 36 36 56 91 56 109
698 645 584 165 91 46 58 36 36 51 89 56 102
704 617 579 152 81 36 51 36 41 56 8l 46 74
704 640 599 170 94 46 58 36 46 56 91 51 107
706 638 597 168 86 36 56 43 36 51 94 51 107
706 640 594 173 94 43 64 36 36 61 99 56 102
711 645 594 173 102 33 64 41 36 51 96 58 1)
711 627 582 163 86 36 S8 6 36 51 89 46 95
719 653 610 165 91 43 58- 36 36 4§ 89 56 102
719 640 597 163 91 46 61 36 41 48 91 56 109
724 650 604 168 51 58 43 36 48 86 46 107

96

1.1

1

See Figure 3 for placement of measurements,
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Appendix 6. Contirued. Measurements' (mm) of shovelnose sturgeon captured from the
Yellovstone in 1992.

A I F B E D c H G J
Snout Mouth Snout Snout
Mouth to to Inner Outer to to Caud Weight
Total Fork Std Head Snmout width outer inpner barbel barbel mouth barbs ped Girth (kg)
724 660 617 168 96 48 61 36 36 51 g1 51 96 - -
729 650 604 170 96 43 58 36 33 46 91 5 109 183 0.9
732 666 622 185 107 48 66 41 36 51 102 61 107 193 1.0
737 668 625 180 102 46 61 36 41 51 91 56 104 211 1.2
742 666 620 178 102 51 64 41 4] 51 96 51 112 196 1.3
744 673 622 170 89 48 56 38 kY3 58 86 51 102 216 1.4
747 676 627 65 89 48 51 41 41 58 86 46 112 208 1.4
749 688 630 .93 109 46 64 43 43 61 107 61 107 203 1.2
749 701 655 .90 102 53 61 46 43 56 102 58 114 218 1.5
762 691 678 93 104 58 74 46 43 53 107 56 114 224 1.5
764 696 B45 83 96 46 56 34 34 48 89 51 104 - -
767 691 64D 185 107 46 61 43 41 58 9% 56 109 213 1.3
782 709 666 178 96 51 61 43 43 48 94 56 112 231 1.6
785 732 683 203 107 46 64 43 41 56 96 58 109 208 1.5
792 711 671 193 107 Sé6 66 43 46 58 102 ‘58 104 229 1.5
g10 732 673 11 117 46 64 43 48 61 104 61 109 - -
813 696 648 180 112 41 64 41 46 58 104 41 112 226 1.5
g28 760 719 LB8 104 56 71 41 43 58 104 61 117 - -
gsé 775 719 1226 132 58 94 46 46 64 112 71 127 239 2.0
861 787 747 11 1l4 S8 76 48 30 56 117 64 122 239 2.0
886 823 760 218 117 61 €6 46 56 71 112 64 112 320 3.2
894 826 767 124 124 64 74 51 = 48 71 119 71 117 305 3.0
907 838 787 126 119 58 71 46 51 66 122 61 124 274 2.8
1021 945 889 246 142 71 79 51 56 66 132 79 122 310 3.5
1039 947 889 256 135 6l 79 58 56 74 132 71 124 323 4.2

! see Figure 3 for placement of measurements.
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Appendix 7. Percent of standard length of morphometric measurements' of shovelnose
sturgeon captured from the Missouri in 1992,

a I F B E D c ' H G J
Total Snout Mouth Snout Snout
length Mouth to to Inner Outer to to Caudal
_(mm) Head Snout width outer inner barbel barbe uth barbs ped  Girth
- 29.6 16.5 6.9 11.3 6.1 5.2 7.3 16.5 10.4 21.7 34.8
- 26.4 15.3 6.9 9.7 5.6 5.6 8.3 13.9 8.3 25.0 31.9
- 26.5 15,2 5,3 9.1 5.3 6.1 8.3 13,6 8.3 22.0 30.3
- 32,7 16.6 7.6 9.1 7.6 7.6 9.1 16.6 9.1 24.2 30.3
- 6.7 la.4 7.8 11.1 6.6 5.6 7.8 l4.4 7.8 21.1 31.1
- 25.3 15.5 8.4 9.9 5.7 5.7 8.4 15.5 B.4 24,0 156.9
284 29.0 15.1 6.4 9.7 5.2 5.2 7.5 15,1 8.6 25.8 38.7
361 27.7 16.0 5.9 10.1 5.9 6.7 9.2 15,1 8.4 21.8 29.4
38l 27.0 15,1 7.2 8.7 7.2 4.8 7.2 15.1 7.9 19.1 30.2
3% 27.3 15.6 7.8 10.2 6.2 . 5.5 8.6 15.6 9.4 22.7 32.8
4b4 29.3 17,3 8.0 10.7 6.7 7.3 9.3 16.0 9.3 20.0 35.3
452 28.0 1l6.7 7.3 9.3 5.3 5,3 8.0 15,3 9.3 22.7 29.3
478 28.8 16.0 7.7 10.2 6.4 6.4 9.0 16,0 9.0 1%.9 29.5
483 27.7 13.2 8.2 10.7 6.3 6.3 8.8 15.7 9.4 20.7 29.6
488 29.0 16.7 7.4 11.1 6.8 6.8 9.9 16.7 10.5 20.4 30.3
488 27.8 15,4 8.7 9.9 6.2 6.8 8.7 15.4 8.7 20.4 29.0
498 25.9 15.4 6.8 9.3 6.8 6.8 . 8.7 14,2 8.7 22.8 29.6
498 27.4 15.8 1.3 9.7 6.1 6.1 7.9 15,2 9.1 20.1 29.3
498 26.8 15.2 7.3 9.7 5.5 5.5 7.3 15.2 9.1 20.1 29.3
500 28.8 16.5 7.1 10.0 6.5 6.5 9.4 15.3 9.4 21.2 31,2
510 27.7 15,7 7.8 9.6 6.0 6.0 7.8 15.1 9.0 19.9 31.9
518 30.6 17.3 9.8 10.4 7.5 6.9 8.1 16,8 9.2 19.7 31,2
526 25.8 14,6 6.7 9.0 6.2 6.7 8.4 4.6 8.4 20,2 29.2
536 27.4 15.4 7.4 10.3 5.7 5.7 7.4 15.4 9.1 20.0 29.7
556 27.7 15,8 6.5 9.2 6.5 6.0 8.7 15,2 8.7 20.6 31.5
559 28,6 17.5 7.4 10,1 6.9 6.9 8.5 15.4 8.5 18.0 37.6
561 26,4 15,1 7.0 9.7 6.5 7.0 9.1 15,1 9.1 19.9 -
564 28,3 14,4 12,8 8.9 7.2 6.7 8.9 15,0 8.3 20.0 29.4
566 28.9 16,0 6.9 10,2 6.9 6.9 9.6 16.0 8.5 19.8 30.5
569 29.5 16.3° 7.9 10.5 6.8 6.8 8.4 16,3 9.0 17.9 131.1
569 27.4 147 7.4 10.0 6.3 6.8 8.4 15.8 8.4 19,5 129.5
569 28,6 16.1 6.3 9.4 6.8 7.3 9.4 15,6 8.3 18.2 29.2
579 28,6 16.4 6.9 11.1 6.4 6.9 7.9 15.9 9.0 19.6 31.7
579 28.6 15,3 8.4 9.9 6.4 6.4 8.4 14.8 8.4 17.2 31.5
579 29.7 15,6 6.8 9.3 7.8 6.8 9.3 15.6 7.8 16.6 32.2
584 29.4 17.3 7.6 10.2 6.6 6.6 8.6 15,7 9.7 19.3 34.0 .
587 28.2 15.8 7.9 8.9 5.9 6.4 8.9 14.4 8.4 16.8 135.6
587 28.2 15.8 6.4 9.9 6.4 6.4 8.9 15,3 8.9 20.3 31.7
589 27.6 15,3 7.2 10.7 6.1 6.1 8.2 1.3 8.2 1%.4 30.6
589 2609 16.0 8.2 9.3 6.7 7.2 9.8 15,5 8.8 21.1 -

1 See Figure 3 for placement of measurements.



Appendix 7. Continued. Percent of standard length of morphometric measurements! of
shovelnose sturgeon captured from the Missourl in 1992.

A 1 F B E D C H G J
Total Snout Mouth Snout Snout
length Mouth to to Inner OQuter to to  Caudal

_(mm) Head Srout width outer {inner barbel barbel mpouth barbs ped Girth

589 27.6 12,1 7.0 9.0 7.0 6.5 . 8.0 15.6 8.0 18.6 -

589 28.3 1:.2 8.1 9.6 7.1 6.6 8.6 15.2 8.1 17.7 33.3
589 30.5 1¢.5 8.5 10.0 7.0 6.5 8.5 16.5 8.5 17.5 35.0
592 29.9 1.5 8.2 9.8 6.2 6.2 9.3 15.0 8.8 16.5 -

594 28.8 1.6 7.1 9.1 6.1 5.5 9.1 14,7 8.1 22.2 33.3
594 30.0 16.8 8.4 11.3 6.9 6.9 8.9 16.8 9.9 15.8 34.5
597 28.6 153 7.9 8.4 7.4 7.4 8.4 15.3 8.4 17.2 30.5
599 26.2 1,1 6.4 8.7 6.0 6.0 9.2 13.8 7.8 15,6 32.1
602 28.4 1%.7 7.8 8.8 6.9 5.9 8.8 14.7 8.3 18.1 31.9
602 27.8 1.6 7.3 9.3 7.3 6.8 8.3 l4.6 7.3 18.1 31.7
602 29.2 1.3 7.4 10.9 6.4 6.4 8.4 16.8 10.4 18.3 31.2
604 28.8 16,5 7.5 9.0 7.1 6.6 9.4 15.1 8.0 17.5 35.4
607 27.5 1%.2 7.6 8.5 6.2 6.2 9.0 14.2 7.6 19.0 30.8
607 28.5 1%.9 6.3 9.2 6.8 6.8 8.7 14.5 7.7 17.4 30.0
610 29.1 15.5 7.6 9.2 7.3 7.3 9.7 4.6 7.3 18.4 34.0
610 29.1 15.5 6.8 9.2 6.3 6.8 g.2 15.0 8.7 18.4 32.5
612 2604 14,9 7.0 9.0 6.0 6.5 3.5 4.4 8.5 19.9 32.8
612 30.3 16.8 6.7 10.1 6.7 6.7 9.1 15,9 8.7 17.8 32.2
615 27.3 15.3 7.6 10.0 6.2 6.2 7.6 15.8 8.1 17.2 29.2
615 26.8 15.4 7.5 9.4 6.6 6.6 8.4 15.0 8.4 19.7 33.8
617 28.2 15.5 8.0 8.9 6.6 6.6 8.9 15.0 8.9 18.3 29.6
617 26.7 1ax6 7.3 10.7 5.8 6.3 8.7 14.6 8.3 18.9 30.1
620 30.4 15,7 8.3 9.8 6.4 6.4 8.3 15.7 9.3 17.6 -

620 29.7 1r.2 7.2 10.5 6.7 6.2 8.1 16.7 10.0 16,3 30.1
622 29.5 15,7 8.1 10.9 7.6 6.7 9.1 16.7 10.0 15.7 33.3
622 28.7 15.0 6.8 9.7 7.3 7.3 9.7 15.5 8.7 18.0 34.0
625 28,7 15,8 7.6 10.0 7.6 7.6 10.0 15.8 9.1 17.2 29.2
627 27.6 15,2 6.5 9.2 6.5 6.5 9.7 14.3 8.3 19.4 33.6
627 28.4 16.3 6.5 10.2 6.5 6.5 8.8 15.8 9.3 19.5 33.9
627 30.4 16.4 10.7 10.3 7.5 6.5 8.9 15.9 8.9 17.8 36.4
630 29,1 14,5 7.5 8.4 6.6 6.6 8.4 14.5 7.5 17.4 28.6
630 31.1 17.5 8.3 10.7 6.3 6.8 9.2 16.5 9.7 16.5 34.0
630 28.2 15.8 7.6 10.0 6.2 6.7 9.1 15.3 9.6 18.2 33.5
630 28.6 14.8 8.1 9.5 6.7 6.7 8.6 15.7 9.5 18.6 36.7
632 29,7 17.5 8.0 9.9 6.6 6.6 9.9 15.6 9.0 17.5 34.0
632 29.4 16.6 8.1 10.4 7.1 6.6 8.1 15.6 9.0 17.5 30.8
635 29.2 16.2 6.5 9.7 6.5 6.9 9.3 15.3 12.0 17.6 36.6
635 0.7 17.0 8.0 10.8 6.6 6.6 8.5 16.0 9.0 17.9 30.2
635 27.7 15,5 7.0 8.9 6.6 6.6 8.4 15.0 8.4 18.8 30.1
635 30.8 16.6 8.1 11.4 6.6 6.2 8.5 16.1 9.0 16.1 -

! See Figure 3 for placement of measurements.



Appendix 7. Continued. Percent of standard length of morphometric measurements' of
shovelnose sturgeon captured from the Missouri inm 1992,

. A I F B E D C H G J

Total Snout Mouth ' Snout Snout

length Mouth to to Inner Quter to to  Caudal

{mm}) Head Snout width outer inner barbel barbel mouth barbs ped Girth
635 24.6 13.6 6.1 8.8 6.1 6.6 7.9 4.0 7.9 18.4 29.8
635 25.4 145 6.1 9.4 5.6 5.6 8.0 14,1 8.0 19.7 31.5
638 28.7 16.3 8.1 9.6 6.2 6.2 9.1 16.3 9.1 20.1 -

© 638 28.8 15.8 7.4 10.2 6.5 5.6 7.9 15.8 9.3 17.7 34.4
638 30.6 16.2 9.3 9.7 7.4 6.9 9.7 16.2 9.3 16.2 31.5
640 30.9 13.7 7.8 10.1 6.0 6.5 9.2 1.1 8.8 17.1 30.4
640 28.4 16.1 7.6 9.0 7.6 7.6 9.0 14.7 8.1 20.9 30.8
640 28.0 15.1 6.4 9.6 6.0 6.0 8.7 14.7 8.7 17.0 34.4
643 28.6 15.7 7.8 8.8 6.0 6.0 9.2 14.3 8.8 16.6 32.7
643 22.5 13.5 6.3 8.6 5.9 6.3 8.1 14.0 7.2 18.0 29.7
643 28.4 14.9 7.9 9.3 6.5 6.5 8.8 4.4 8.4 18.1 28.8
645 28.8 15.3 7.7 9.0 6.8 6.8 8.6 15.3 9,0 18.5 33.8
645 26,4 15.3 6.9 9.3 6.0 5.6 7.4 14.8 8.8 18.1 31.5
| 648 25.9 13.7 7.5 9.0 6.1 6.1 9.0 14.2 8.0 18.9 29.7

v 648 28.2 15.5 8.6 10.0 6.8 6.4 B.6 ° 15.0 10.0 16.4 35.5
650 29.9 15.9 5.1 10.3 5.6 5.1 7.5 15.0 8.9 17.3 -
653 29.4 16.3 7.7 9.1 6.8 6.3 9.1 15.8 8.1 16.3 32.1
653 27.2 14.7 7.4 9.7 6.5 6.9 9.2 15.7 8.8 18.4 30.4
655 25.7 144 7.2 8.1 5.9 6.8 8.6 4.0 8.1 18.9 31.5
655 28.7 15.3 7.6 9.0 6.7 6.7 9.4 4.4 7.6 17.9 33.6
655 26.9 15.1 7.3 10.0 6.4 6.8 8.7 14.6 9.1 16.0 29.7
658 27.7 14,1 9.1 16.5 5.9 6.4 9.5 15.0 9.1 15.9 31.4
658 29.0 17.0 7.6 10,7 6.7 6.7 8.9 16.1 9.4 17.4 33.5
658 28.5 15.8 7.7 9.5 6.8 6.8 9.5 15,8 9.1 17.7 32.1
660 27.9 16.2 8.1 10.4 6.8 6.8 8.6 15.8 9.5 19.4 31.5
660 30,2 17.1 8.1 11.7 6.8 6.8 9.5 16.7 10.4 15.3 31.5
660 27.6 16.9 8.0 9.3 6.2 6.2 8.5 15.1 8.9 16.4 8.9
660 28.0 15.0 7.5 9.3 6.5 7.0 9.8 15.4 8.9 15.9 34.6
663 27.8 14,8 8.1 9.0 6.7 6.7 9.9 14.8 8.5 16.6 33.2
663 29.3 16.2 7.2 9.9 6.8 6.8 9.0 15.8 9.0 1l4.4 29.3
666 28.3 15.2 7.4 9.6 6.5 6.1 8.7 1.4.3 8.7 17.0 29.6
666 28,5 14.9 7.9 8.8 5.7 5.7 7.9 14.0 7.9 13.2 -
666 28,9 16.4 B.5 9.8 6.7 6.7 9.3 1.1 8.9 17.3 34.7
666 28.9 15.6 7.6 10.2 6.7 6.7 8.5 15.6 8.9 16.4 32.0
666 27.1 16.1 6.4 8.3 6.4 6.4 8.7 14.2 7.8 20.2 29.4
668 286.8 15.9 7.5 10.6 6.2 6.2 9.3 15.5 9.3 15.5 35.8
668 28.6 15.9 6.6 9.2 6.6 6.6 8.4 15.4 9.2 18.1 33.5
668 28.5 16.2 7.2 9.4 6.8 5.5 4.1 15,3 8.5 16.6 34.5
668 29.2 18.1 7.5 10.8 6.6 5.7 8.0 16.4 9.7 18.6 133.6
671 27.2 16.2 7.0 9.7 6.1 6.6 9.7 14.9 9.2 18.9 29.4
671 28.5 16.2 7.0 9.2 7.0 6.1 8.8 15.4 8.3 19.3 34.7

1y

! See Figure 3 for placement of measurements.



Appendix 7. Continued. Percent of standard length of morphometric measurements! of
shovelnose sturgeon captured from the Hissouri in 1992.

A I F B E D c H G J
Total Snout Mouth Snout Snout
length Mouth to to Inner Outer " to to  Caudal

(mm) Head Snput width ocuter inner barbel barbel mouth barbs ped Girth
671 27.2 14.3 7.1 8.5 7.6 7.1 8.9 16.1 9.8 18.8 -
671 28.2 15.9 7.3 10.0 7.7 7.3 8.6 15.9 8.6 20.9 32,7
673 29.9 16.4 7.8 10.8 6.9 6.5 8.7 16,0 9.1 19.1 33.8
673 29.2 17.3 6.2 11.1 7.1 6.2 B.4 17.3 9.3 16.8 28.3
673 29.5 16.1 8.5 9.8 6.7 6.7 8.5 15.2 8.9 17.4 32.6
673 28.0 15.1 7.8 9.% 6.0 6.0 8.2 14.7 8.2 17.7 -
673 28.0 14.7 8.2 9.5 6.5 6.5 B.6 15.1 8.6 16.4 29.3
676 28.6 16.3 7.0 9.2 6.6 7.0 10.1 15.4 8.8 16.7 7.4
676 27.5 15.8 7.1 9.6 7.1 7.1 9.6 15.0 8.3 17.1 34.2
678 28.9 16.0 7.8 9.0 7.8 7.3 9.5 15,5 8.6 16.8 34.1
681 28.5 16.2 8.1 9.8 6.8 6.8 9.8 14.9 8.5 17.9 3.6
6813 29.3 16 0 7.8 9.0 6.9 6.5 9.0 15.5 8.6 18,1 32.8
683 29.0 15 2 7.8 10.0 6.5 6.5 10.0 15.6 9.1 17.3 32.9
683 28.8 157 8.5 9.7 6.8 7.2 9.7 15.2 8.5 16.1 33.0
686 28.3 15 2 7.4 8.7 6.9 6.1 8.7 13.4 7.8 16.5 33.9
686 2B.7 15.2 8.3 10.0 6.1 6.5 9.6 15.2 9.1 17.4 34.4
686 27.1 14.0 8.3 9.2 7.0 6.5 8.3 15.3 8.7 18.3 36.2
686 29.3 16,0 6.5 9.5 6.9 6.9 9.5 15.5 8.6 18.1 38.8
688 29.7 17.4 7.2 10.2 6.4 6.4 8.9 16.5 10.2 17.0 32.2
688 28.7 16.1 6.9 10.4 6.1 6.1 8.3 l6.1 11.7 20.9 33.9
688 28.2 14.5 8.5 9.0 6.0 6.0 8.5 14.5 8.5 17.5 29.9
691 28.4 15.1 7.5 9.6 5.9 5.9 7.5 15,1 8.0 19.2 -
693 27.5 15.2 7.6 9.7 6.8 6.4 8.1 16.5 10.2 15.7 31.8
693 28.4 15.1 8.2 10.4 6.5 6.9 9.9 15,1 8.6 17.2 31.9
693 28.8 16.8 8.0 10.2 6.6 7.1 10.2 15.9 8.9 19.9 34,1
696 26.5 14.1 7.0 8.7 6.2 6.6 8.3 13,6 7.0 17.8 29.3
696 29.1 16.1 8.3 9.6 7.8 6.9 8.7 16.1 8.7 17.4 30.4
696 29.5 17.3 8.0 10.1 6.3 6.3 8.9 16.5 9.7 16.9 35.4
696 29.31 16.5 8.7 10.3 6.6 6.6 8.7 15.7 9.5 17.8 1331
698 27.6 15,1 7.8 10.4 6.5 6.9 10.8 15.% 9.0 17.7 32.3
698 27.1 15.0 5.8 9.2 6.7 6.7 9.2 14.6 7.9 17.1 -
701 28.9 16.2 8.1 10.6 7.2 7.2 8.5 15.7 9.4 18.7 31.5
701 28.2 15.4% 7.3 10.7 6.4 6.0 9.0 16.2 9.8 17.5 32.5
701 28.7 16.) 6.7 9.7 6.3 5.9 8.0 15.2 8.9 17.3 31.2
701 27.6 14.5 8.4 9.6 6.7 7.1 10.5 4.6 8.4 15.5 29.3
704 28.8 16.3 8.2 10.3 6.4 6.4 9.9 16.7 9.9 15.9 33.1
706 28.0 15.1 7.3 10.4 6.5 6.5 8.6 15.%9 9.0 19.4 32.3
708 28.4 15.% 8.8 10.0 7.1 5.9 9.2 15.9 9.2 17.6 37.7
709 28.6 15.+ 1.7 9.4 6.4 6.0 8.5 15.0 8.5 16.7 32.0
709 28.2 17.) 7.3 10.3 6.4 6.4 8.5 15.8 9.4 16.7 32.5
709 28.4 15.1) 7.1 8.8 6.3 6.3 8.8 14.6 8.4 17.6 33.5

! See Flgure 3 for placement of measurements,



Appendix 7. Continued. Percent of standard length of morphometric measurements® of
shovelnose sturgeon captured from the Missouri in 1992.

. A 1 F B E D c H G J

Total Snout Mouth Snout Snout

length Mouth to to Inner Cuter to to Caudal
mm Head Snout width outer inner barbel barbel uth barbs pe Girth
709 27.7 13.9 8.4 8.8 6.3 6.3 8.4 14.3 8.0 16.8 31.5
711 28.3 15.2 6.6 9.0 6.1 6.1 ‘8.2 15.2 8.2 17.2 27.9
711 28,1 15,0 7.7 8.9 6.9 6.5 9.3 15.0 8.1 17.9 31.3
714 26,9 14.3 6.7 9.2 5.9 5.9 8.0 14.3 8.0 18.5 -
714 27.9 15.4 8.1 9.3 6.9 6.9 8.5 4.6 8.5 17.0 35,0
714 27.7 1.3 7.0 9.1 6.2 5.8 7.4 14.5 8.3 18.2 37.6
716 26.1 13.7 7.7 8.5 6.4 6.0 8.1 14.5 8.5 16.7 299
716 26.7 16.5 7.8 10.7 6.6 6.6 9.1 15.6 9.1 16.5 35.0
716 29.0 15.5 7.3 9.8 6.9 6.5 7.8 15.5 9.4 17.5 -
716 27.6 15.2 7.0 9.1 6.2 5.8 8.6 14.8 8.6 19.3 33.3
719 28.6 16.2 7.1 10.4 6.2 6.6 8.7 l6.6 10.0 15.8 29.5
721 28,9 15.0 8.9 9.3 7.3 7.3 9.8 15.0 8.5 15.4 36.6
721 27.0 14.9 7.5 9.5 6.2 6.2 8.3 14,5 8.3 16.2 32.4
726 28.4 15.6 6.8 10.0 6.4 6.4 8.4 15.2 8.8 16.8 28B.8
726 - 28.5 16.5 7.4 9.9 6.2 5.8 7.9 15.7 9.5 19.4 32.7
726 30.3 16.8 8.2 10.6 6.6 6.6 9.8 17.2 10.2 15.6 32.0
726 27,5 15.0 8.3 9.6 6.7 6.7 9.2 15.4 9.2 17.9 33,3
134 27.1 14.6 8,1 8.9 6.5 6.5 8.1 4.6 8.1 17.0 30.4
736 ° 28,5 14.9 9.1 9.9 6.2 7.0 9.5 16.1 9.9 16.5 34.7
734 245 13.1 6.9 8.2 6.1 6.1 8.2 13.4 7.8 18.0 29.0
734 29.0 15.5 9.1 9.9 7.1 6.7 7.9 15,5 8.7 17.1 32,9
737 28,3 15,7 7.1 9.1 7.1 6.7 9.1 15.0 8.3 16.9 32.7
737 29.3 16.9 7.6 10.0 6.4 5.4 8.4 16,1 10.0 16,9 32.5
737 29.6 15.4 B.1 9.7 6.9 7.3 9.3 15.4 8.9 17.4 -
737 26.3 13.9 8.0 9.2 5.6 5.6 8.4 13.9 8.0 17.1 34.7
737 27.7 14.9 8.0 9.6 6.8 6.0 8.4 15.3 8.8 '16.9 130.1
739 29.6 16.9 7.4 10.3 7.0 7.0 9.9 16,5 9.9 18.9 31.7
T44 27.6 15.0 7.9 8.7 6.7 6.3 8.7 14.6 8.3 °16.9 33,5
749 28,7 15.%9 7.4 9.7 7.4 7.0 8.9 16.7 9.7 15.5 32.9
749 27.4 143 7.7 9.3 6.6 6.6 8.9 15.1 8.5 17.4 34.7
752 28.9 17.2 8.2 10.6 7.0 6.6 8.6 16.8 9.4 16.8 31.3
752 28.3 16:9 7.1 10.6 7.1 6.7 8.7 16.1 9.5 18.9 32.3
752 28,5 16.2 7.9 9.9 7.1 7.1 9.9 15.4 8.7 16.6 33,2
752 28.7 15.1 8.3 9.8 7.5 7.5 9.4 15.9 8.7 15,9 33.2
754 27.8 14.7 8.3 9.9 6.7 6.7 9.5 15.5 8.3 16.3 32.1
754 26.7 141 7.8 9.0 6.7 6.7 9.4 14.5 7.8 17.6 32.9
760 29.3 156 7.6 9.1 6.8 7.2 9.9 16.0 8.7 16.3 34.2
762 27.5 13.7 %.0 8.2 7.1 7.1 9.4 4.5 7.8 15.7 32.9
762 28.5 15.4 8.1 9.6 6.9 6.5 8.5 15.4 8.5 15.4 31.1
767 27.0 14.1 7.8 9.8 6.6 6.2 8.2 14.8 8.6 16.4 32.4
767 275 14.3 8.0 9.6 6.8 7.2 10.0 15.5 9.2 16.3 35.9
167 28.3 14.7 8.5 9.3 6.6 6.2 8.9 13.9 7.8 18.6 -
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Appendix 7. Continued. Percent of standard length of morphometric measurements! of
shove'lnose sturgeon captured from the Missourl in 1992.

A I F B E D c H G J
Total Snout Mouth . Snout Snout
length Mouth to to Inner Outer to to Caudal

{mm) Head Suput width oute inner barbe arbel outh barbs ed Girth
770 27.7 15,6 9.0 9.8 6.6 6.2 7.8 15.2 8.6 15.6 32.0
770 27.8 14.1 8.6 9.8 6.3 7.1 8.6 15.3 8.6 16.9 35.3
770 27.8 14,3 8.9 8.9 7.3 6.9 9.7 15.4 8.5 17.0 33.2
772 - 29.0 16.5 7.7 9.6 6.3 6.6 8.1 15.4 9.2 17.6 32,7
772 30.0 16.5 8.5 10.4 6.9 6.5 9.2 16.5 9.6 16.5 135.8
775 28.3 15.1 7.8 9.7 7.0 2.0 9.7 15.5 8.9 17.4 29.1
775 28,7 1.0 7.5 11.3 6.4 6.8 9.4 17.0 10.2 15.9 32.1
177 28.1 1£.5 6.5 10.0 6.9 7.3 10.0 15.8 9.2 18,3 33.8
780 28.8 1.5 8.3 9.8 7.2 7.2 8.7 15.9 9.5 15.2 33.3
780 29.2 16.2 8.5 10.4 5.8 6.1 8.1 15.0 9.2 16.5 38.1
780 28.0 14%.9 7.6 10.2 6.4 6.8 9.1 15.5 9.1 18.6 32.6
782 28.8 1h.4 8.8 9.6 6.1 6.1 9.2 15.4 9.6 16.2 34.6
782 26.9 144 7.2 9.5 6.1 6.4 8.7 15,2 9.1 16.7 -
785 29.0 1.1 7.8 10.8 7.1 5.2 . 9.3 6.7 10.4 15.6 35.3
787 27.0 145.6 7.6 9.1 6.1 6.1 8.7 14.1 8.4 17.9 31.6
795 28.4 1s.2 7.7 9.6 6.6 6.6 9.2 16.2 9.2 17.7 31.4
800 29.0 13.4 8.1 9.9 7.4 7.4 9.2 16.2 9.2 16.2 36.8
800 28.9 14,7 8.5 10.4 6.3 6.7 9.3 16.3 10.0 17.0 37.8
800 29.1 15.7 9.0 10.1 7.1 7.5 9.7 6.0 9.0 16.0 31.0
800 29,9 15,8 9.0 10.8 7.1 7.1 9.3 16.8 9.7 15.7 31.4
810 29.2 15,9 9.4 9.4 7.2 7.2 9.7 15,2 8.3 18.1 31.8
810 27.¢ 14,5 8.5 9.3 6.3 6.3 9.6 4.1 7.8 16,7 35,2
813 29.1 14%.5 8.0 9.4 6.9 6.9 9.1 15.6 9.1 16.4 32.7
818 28.6 15.6 7.8 9.2 7.1 7.4 9.2 15.2 8.1 14.8 35.3
820 28.8 15.1 8.3 10.1 6.5 5.7 8.3 15.1 9.0 15.8 -
823 27.9 150 6.8 8.9 6.4 6.4 10.0 5.0 8.6 19.3 30.7
831 28.8 16,5 8.4 9.8 7.4 7.7 10.2 15.4 8.8 16.8 35.8
831 29.2 15.6 8.3 9.0 6.9 6.9 9.4 15.6 8.7 15.6 33.0
833 29.3 16,0 8.7 9.1 6.6 6.3 8.0 15.3 9.1 18.1 .
836 28.2 16.2 7.4 10.2 6.7 6.3 8.8 16.2 9.5 16.2 32.0
836 29.6 15,7 9.1 9.1 6.3 6.3 8.7 15.3 8.7 18.5 30.0
848 28.6 15.2 9.3 9.3 6.6 6.6 10.3 " 14.5 8.6 15.2 37.9
848 28,1 15.5 6.8 4.0 6.8 6.5 8.6 13.3 7.9 15.5 36.7
856 30.8 J16.1 10.3 10.6 6.8 6.8 9.9 6.1 9.6 14.0 40,1
864 28.5 14.8 8.9 9.8 6.2 6.2 9.5 4.8 8.9 14.4 37,4
864 28.1 4.6 7.8 9.5 6.4 6.4 9.2 15.3 8.8 15.3 34.6 7
871 27.5 4.6 8.5 8.8 6.8 6.8 9.2 14.3 7.8 17.7 374
B74 28.8 4.9 8.0 9.7 6.2 6.2 8.3 16.0 9.7 16.3 31,6
879 28.8 5,7 8.9 10.3 6.8 7.2 9.9 8.6 8.9 15.4 35.3
884 2.2 5.4 9.1 10.1 6.4 6.7 8.7 15.8 9.4 15.4 40.9
892 28.4 5.0 9.1 8.8 6.9 7.5 10.5 4.1 7.5 14.7 33.7
894 29.2 (5.6 8.6 9.6 6.6 7.6 10.6 15.3 8.6 15.3 33.2
902 28.3 1l6.3 8.1 10.4 6.5 §.5 8.8 16.3 9.5 16.3 36.5

! See Figure 3 for placement of measurements.



Appendix 7. Continued. Percent of standard length of morphometric measurements® of
shovelnose sturgeon captured from the Missouri in 1992.

. A I F B E b C H G J

Total Snout Mouth Snout Snout

length Mouth to to Inner Ouyter to to  Caudal

—(mm) Head Snout width outer imner barbel barbel mouth barbs ped _Girth
922 29.3 16,6 8.6 10,2 7.0 8,0 10.8 16.2 9.6 15.6 31.8
922 28,7 16.6 8.6 10,2 6.7 6.7 8.6 16.2 9.6 17,8 138.2°
925 29.0 15,9 7.3 10.5 6.7 6.7 §.9 16.6 10.2 13.7 35,0
927 28.4 14.8 8.4 9.4 6.5 6.8 8.4 15.2 8.4 16.1 33.6
940 27.3 4.5 9.0 8.7 6.4 6.4 9.6 15.1 8.4 15.4 34.1
940 28.1 15.¢ 7.2 8.7 5.9 6.6 9.4 15.0 9.1 16.6 37.5
970 28.4 14,7 8.7 9.3 6.6 6.0 8.7 15.0 9.0 15.9 31.7

! See Figure 3 for placement of measurements.

66

(£



Appendix 8. Percent of standard length of morphometric measurements®! of shovelnose
sturgeon captured on the Yellowstone in 1992.

A 1  F B E D c H G J
Total Snout " Mouth Snout Snout
length Mouth to to Inner Outer to to Caudal

{mm) Head _Snout width outer inner barbel barbel mouth barbs ped girth
406 31.0 18.9 7.6 110.6 6.1 6.1 B.3 l16.7 9.8 22.0 -
538 27.9 14,5 7.3 10.1 6.1 6.1 7.8 15.6 9.5 19.0 29.1
554 30,4 16,6 9.4 9.9 6.6 6.1 9.4 13.3 9.4 17.7 -
566 28.4 15.3 7.4 9.5 6.3 6.3 8.4 15.8 9.5 16.3 -
566 29.9 16.0 6.9 9.6 5.9 6.4 8.5 15.0 9.1 18.7 34.2
572 27.5 15,9 6.9 9.0 5.8 6.4 9.0 15.9 9.5 19.0 -
594 2800 15.5 6.5 9.5 6.5 6.5 8.5 15.0 8.5 18.0 -
599 30.0 17.3 6.1 10.2 6.6 7.1 9.1 15.7 10.2 16.2 30.5
617 26.7 15.5 7.8 9.7 5.8 6.3 9.2 15.0 8.7 19.4 29.6
625 29.1 1s6.5 7.8 10.7 5.8 6.3 9.2 15.5 9.7 18.4 30.1
627 29.0 16.4 6.5 10.3 6.5 6.5 8.9 15.9 8.4 17.3 -
630 28,1 1la.8 8.1 9.1 6.2 6.2 9.1 14.3 8.1 1s.7 -
630 296 14,8 6.5 9.3 6.5 6.5 10.2 14.3 7.9 16.7 -
635 27.2 15.0 6.8 9.7 5.8 6.3 8.3 15.0 8.7 19,4 -
638 30,7 16.5 8.5 9.4 7.1 7.1 9.0 16.0 9.0 17.0 3l1.6
640 30.8 1.6 7.6 10.9 6.6 6.2 9.0 16.6 9.5 18.0 -
643 28.4 1.8 7.4 10.7 6.0 6.0 7.9 15.8 8.8 17.7 30.7
645 27.4 1.1 7.3 9.1 7.1 6.8 10.0 15.1 7.8 17.8 33.3
653 29.4 14,5 8.1 9.1 6.3 6.3 9.1 14.0 8.1 18.7 35.8
658 29.4 17.0 6.4 10.1 6.4 6.4 9.2 16.1 9.2 1l6.5 34.0
660 28.0 1¢.6 7.8 10.1 6.4 5.5 8.7 16.1 9.2 18.3 30.3
660 27.3 1¢.8 7.4 9.3 6.0 6.0 7.4 14.3 7.9 18,1 32.9
663 28.8 16.0 7.8 10.5 6.8 6.8 9.6 16.0 8.7 19,6 31.5
666 30.9 14L.5 7.7 9.1 6.4 5.9 B.6 14.% 8.2 18.2 3i.8
666 30.6 16,2 8.6 10.8 1.7 7.7 10.4 16.2 9.0 16.7 -
676 26,4 14,6 7.4 10.4 7.4 6.9 8.2 15.2 8.7 18.2 30.7
676 29.1 1.5 7.8 10.9 6.9 6.5 8.7 15.6 9.1 18.7 37.8
676 29.2 14.9 8.0 10.2 6.2 5.7 8.4 15.9 10.2 19.0 29.7
683 27.8 14.0 7.7 9.4 6.0 6.0 8.5 15.0 8.5 18.4 31.2
683 30.4 104 7.4 12.0 7.4 6.9 9.6 17.8 10.4 15.6 32.2
696 28,4 1lu.0 8.6 9.9 6.0 6.0 4.5 i5.5 9.5 18.5 133.2
6598 28,3 1.6 7.8 10.0 6.1 6.1 8.7 15.2 9.6 17.4 -
704 26.3 1l4.0 6.1 8.8 6.1 7.0 9.7 14.0 7.9 12.7 -
7104 28.4 1.7 7.6 9.7 5.9 7.6 9.3 15.2 8.5 17.8 33.0
706 28.1 14.%5 6.0 9.4 7.2 6.0 B.5 15.7 8.5 17.9 32.3
706 29.1 15.8 7.3 10.7 6.0 6.0 10.3 16.7 9.4 17.1 32.5
711 29.1 17,1 5.6 10.7 6.8 6.0 8.5 16.2 9.8 16.2 32.9
711 28.0 1%+.9 6.1 10.0 6.1 6.1 8.7 15.3 7.9 16.6 -
719 27.1 1.0 7.1 9.6 5.8 5.8 7.5 14.6 9.2 16.7 -
719 27.2 15.3 7.7 10.2 6.0 6.8 8.1 15.3 9.4 18.3 -
7124 27.7 15.0 8.4 9.7 7.1 5.9 8.0 14.3 7.6 17.7 32.4

! See Figure 3 for placement of measurements.



Appendix 8. Continued. Percent of standard length of morphometric measurements! of
shovelnose sturgeon captured on the Yellowstone in 1992.

A 1 F B E D C H G J
Total Snout Mouth . Snout Snout
length Mouth to to Inner Outer to to Caudal

{mm) Head Snout width outer iInner barbel barbel mouth barbs ped Girth

724 27.2 15,6 7.8 9.9 5.8 5.8 8.2 14.8 8.2 15.6 -

129 28,2 16.0 7.1 9.7 5.9 5.5 7.6 15,1 9.2 18.1 30.3
732 29.8 17.1 7.8 10.6 6.5 5.7 8.2 16,3 9.8 17,1 31.0
737 28,9 16,3 7.3 9.8 5.7 6.5 8.1 4.6 8.9 16.7 33.7
742 28,7 l6.4 8.2 10.2 6.6 6.6 8.2 15,6 8.2 18,0 31.6
744 27.4 143 7.8 9.0 6.1 6.1 9.4 13.9 8.2 16.3 34.7
747 26,3 14.2 7.7 8.1 6.5 6.5 9.3 13.8 7.3 17.8 33.2
749 0.6 17.3 7.3 10.1 6.9 6.9 9.7 16,9 9.7 16.9 32.3
749 29.1 15.5 8.1 9.3 7.0 6.6 8.5 15,5 8.9 17.4 33.3
762 28,5 15,3 8.6 10,9 6.7 6.0 7.9 15.7 8.2 16.9 33.0
7e4 . 283 15.0 7.1 8.7 5.2 5.2 7.5 13.8 7.9 16.1 -

767 29.0 1.7 7.1 9.5 6.7 6.3 9.1 14.7 8.7 17.1 33.3
782 267 4.5 7.6 9.2 6.5 6.5 7.3 14,1 8.4 16.8 34.7
785 29.7 15.6 6.7 9.3 6.3 5.9 8.2 14,1 8.5 16.0 30.5
792 28,8 1.9 8.3 9.8 6.4 6.8 8.7 15,2 8.7 15.5 34.1
810 31,3 17.4 6.8 9.4 6.4 7.2 9.1 15,5 9.1 16.2 -

- 813 27.8 17.3 6.3 9.8 6.3 7.1 9.0 16,1 6.3 17.3 34.9
828 26,2 14.5 7.8 9.9 5.6 6.0 8.1 14,5 8.5 16.2 -
836 31.5 18.4 8.1 13.1 6.4 6.4 8.8 15.6 9.9 17.7 33.2
861 28.2 15.3 7.8 10.2 6.5 4,1 7.5 15,6 8.5 16.3 32.0
886 28.8 15.4 8.0 8.7 6.0 7.4 9.4 14.7 8.4 14,7 42.1
894 29.1 16.2 8.3 9.6 6.6 6.3 %.3 15,6 . 9.3 15.2 39.7
S07 28.7 153.2 7.4 9.0 3.8 6.5 8.4 15,5 7.7 15,8 34.8

1021 27.7 1.0 8.0 8.9 5.7 6.3 7.4 14.9 8.9 13.7 34.9

1039 2809 15.1 6.9 8.9 6.6 - 6.3 8.3 14,9 8.0 14,0 36.3

¢

1 See Figure 3 for placeﬁent of measurements.
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Appendix 9. Percont of standard length of morphometric measurements® of pallid sturgeon

captured in 1992,

A I B E D c H G J
Total PIT Snout Mouth Snout Snout
length  tag # Mouth to to Inmer  Quter to to Caudal
{mm) (7F7)__ _llead Snout width outer inner barbel barbel mouth barbs ped Girth

1143  FO64F27 0.2 17.3 8.0 13.2 4.3 2.7 8.2 16.2 12.0 18.0 39.5
1191 BO25248 12.9 17.1 10.4 13.5 5.0 3.8 10.2 17.3 11.8 14.9 41.5
1331 BO15378 12.3 16.7 9.2 15,0 4.6 4.0 10.8 17.3 12.7 1l4.6 40.6
1349 FO63A4D 4.4 19.5 9.5 15.6 4.5 4.3 11.5 18.4 14.1 14.7 39.2
1384 B082208 1.6 18.6 9.2 15.4 4.5 3.7 9.8 18.0 13.9 14.3 36.3
1392 D4A7758 12.1 16.9 9.9 13.9 5.0 4.0 10.1 16.7 12.3 14.5 39.1
1410 - 1.0 16.5 9.0 13.8 3.9 3.7 9.2 16.1 12.2 14.9 40.1
1422 D3E6D23 1.9 17.4 8.9 14.5 4,2 3.4 8.3 16.8 13,1 15.0 38.6
1428 D4a4ulazc 2.7 18.6 9.7 15.2 4.8 3.4 8.3 18.4 13.9 14.7 42.6
1430 E6B3364 12.6 18.0 9.6 15.0 5.6 3.8 8.8 18.0 13.6 15.4 43.4
1435 FO6627E 43.3 17.9 9.8 14.7 3.6 4.2 9.8 17.1 13.1 15.5 40.4
1448  F066502 32.9 18.3 8.2 15.3 4.2 4.0 10.8 17.5 13.5 17.3 36.7
1453  F065014 32.0 17.3 9.7 14.6 4.1 2.9 9.7 17.5 13.6 13.0 45.1
1466 F056372 13.3 17.9 9.4 14.9 4.8 3.4 10.0 17.5 13.1 15.3 38.2
1471 F06685C 341.9 16.7 9.9 14.3 4.2 3.4 8.9 16.5 12,7 14.3 41.8
1483  p3cs5708 2.1 17.1 10.4 14.4 4.4 3.3 10.2 17.3 12.9 13.3 43,7
1504 B0O35740 32.5 18.5 9.2 15.5 4.5 3.4 9.7 17.9 13.8 14.0 42.1
1519 BO24F2D 1.7 17.5 9.2 14.2 4.0 3.4 9.1 16.8 12.8 14.9 36.4
1519  FO54DOD 3.2 20.1 10.2 16.0 4.8 3.5 9.7 18.7 14.3 16.4 41.9
1529 B024922 33.8 19.3 9.5 16.0 4.8 3.4 10.5 19.1 14.3 14.3 41.2
1529 BD26102 52.3 17.7 9.8 1l4.7 4,3 3.8 10.2 17.3 13.2 13.7 42.9
1554  F06672B 12.6 17.2 9.5 14.2 4.7 4.3 11.6 ~16.9 12.4 12.9 44.8
1562  B023408 3.3 18.3 9.6 15.0 4.4 3.3 10.0 17.8 13.5 13.9 37.0
1565 F056360 1.6 18.4 9.4 14.5 4.8 2.9 10.5 17.5 13.4 15,1 43.6
1585 BO20D71 2.2 18.1 8.8 15.2 4.4 3.0 9.9 18.1 13.6 12.7 41.9
1590 F055C21 31.0 16.5 8.5 14.0 4.4 3.5 9.6 16.8 12.6 13,1 40.7
1593  B023253 1.5 17.1 9.0 14.2 4.9 2.9 7.6 17.1 13.0 13.5 40.5
1615 FO06697C 53.0 18.4 9.4 15.9 4.7 4.1 11.2 18.5 14.0 15.0 4l.4
1631 FO65AE4 3.0 18.6 9.3 1l4.4 4,1 4.0 7.6 17.2 13.4 12.4 41.2
1646 FOS4773 1.8 17.2 .5 13.9 4.3 3.4 9.8 16.7 12.7 12.9 44 .0
1676  F065A3D »1.5 16.5 9.7 13.6 4.6 3.8 10.2 16.3 11.9 13.7 46.3
1692 E427F69 :0.0 14.7 9.7 11.9 4.5 4.3 9.7 15.0 10.7 13.4 41.4
1702 FQ65E12 1.4 17,2 8.9 15.0 5.0 3.6 10.4 17.4 13.2 13.1 45.6

1

See Figure 3 for placement of measurements.
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Appendix 10,

Morphometric ratios! described by Bailey and Cross (1954) for
pallid sturgeon caught in 1992,

Total PIT

length tag # Ratio Ratio Ratio Ratic Ratio Ratio
(mm) (7F7) 1 2 3 ' 4 5 6
1143 FO64F27 3.12 1.88 7.11 - 4,82 3.00 - 11.01
1191 BO025248 2.72 2.10 6.62 3.57 2.69 8.70
1331 BRO15378 3.27 2.00- 7.04 3.79 2.73 8.15
1349 FO65A4D 3.43 2.10 7.58 3.60 2.65 7.95
1384 B0B2208 3.41 . 2.04 7.00 4.17 2.67 8.56
1392 D4A7758 2.80 2.00 6.48 3.50 2.55 8.10
1410 - 3.58 2.31 7.99 3.78 2.50 8.45
1422 D3E6D23 3.48 2.14 7.67 4.29 2.47 9.47
1428 D&41A7C 3.21 2,04 6.87 4.53 2.47 9.70
1430 E6B3364 2.68 1.71 5.82 3.94 2.31 8.57
1435 F06627E 4.11 2.72 9.28 3.53 2.34 7.%96
1448 F066502 3.82 2.19 7.82 3.80 2.70 8.20
1453 F065014 3.57 2.38 7.86 5.00 3.33 11.00
1466 F056372 3.12 1.96 6.95 4,41 - 2.94 9.82
1471 FO6685C 3.41 2.34 7.63 4.17 - 2,61 9.3
1483 D3C5708 3.26 2.35 7.26 4.41 3.12 9.82
1504 BO035740 3.46 2.04 7.25 4.61 2.89 9.67
1519 BO24F2D 3.57 2.34 5.01 4.17 2.67 9.34
1519 FO054D0OD 3.32 2.12 6.88 4.61 2.78 9.56
1529 B024922 3.36 2.00 7.08 4,67 3.06 9.84
1529 B026102 3.39 2,26 7.48 3.90 2.70 8.60
1554 FO6672B  13.04 2.04 6.96 3.30 2.70 7.57
1562 B023408 3.37 2.17 7.50 4.50 3.00 10.00
1565 FO056360 3.04 1.96 6.62 4.94 3.57 10.76
1585 BO20D71 3.44 2.00 7.28 5.06 3.29 10.70
1590 FO055C21 3.1¢6 1.92 7.00 3.85 2.70 8.75.
1593 B023253 2.93 1.85 6.48 4.94 2.63 10.95
1615 FO065697C 3.40 2.00 7.04 3.86 2.73 8.00
1631 FO65AE4 3.50° 2.25 8.00 3.65 1.91 8.35
1646 TF054773 3.24 2.20 7.40 4.05 2.85 9.25
1676 FO0O65A3D 2,96 2,12 6.38 3.53 2.67 8.20
1692 E&427F69 2.66 2.15 6.70 2.76 2.24 6.96
1702 FO65E12 3.03 1.80 6.33 4.13 2.86 8.63

! Ratios: 1 = snout to outer barbel:mouth to inner barbel, 2 = mouth

width:mouth to inner barbel, 3 = head length:mouth to inner barbel, 4 = snout
to outer barbel:inner barbel, 5 = outer barbel:inner barbel, 6 = head
length:inner barbel.
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