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Abstract:

Habitat use and movements of the endangered pallid sturgeon and the closely related shovelnose
sturgeon are poorly known. Using radio and sonic telemetry, I obtained observations of microhabitat
and macrohabitat use and movements on 24 pallid and 27 shovelnose sturgeon in the Yellowstone and
Missouri rivers in Montana and North Dakota. Pallid sturgeon preferred sand and avoided
gravel/cobble substrates. Shovelnose sturgeon preferred gravel/cobble and avoided sand substrates,
although individual shovelnose sturgeon were variable in substrate use. Pallid sturgeon used depths
ranging from 0.6 to 14.5 m, while shovelnose sturgeon used depths ranging from 0.9 to 10.1 m. Median
depths at pallid sturgeon locations were significantly greater than at shovelnose sturgeon locations, and
there was significant variation in mean depths among individual pallid and shovelnose sturgeon. Pallid
and shovelnose sturgeon used bottom current velocities ranging from 0 to 1.37 m/s, and 0.02 to 1.51
m/s, respectively. Mean bottom current velocities were significantly greater at shovelnose sturgeon
locations than at pallid sturgeon locations, although analysis of variance indicated that difference was
due to location in the Yellowstone River versus the Lower Missouri River. Pallid sturgeon were most
often relocated in the lower 28 km of the Yellowstone River in spring and summer and in the Lower
Missouri River in fall and winter. Shovelnose sturgeon were most often relocated in the 114 km of the
Yellowstone River from the Intake diversion dam to the confluence in all seasons. Only rarely were
either species relocated in the Upper Missouri River. Pallid sturgeon aggregations in late spring and
early summer indicate that spawning may occur in the lower 13 km of the Yellowstone River. Home
range of both species ranged to over 250 km. Both species moved during both day and night and less
during fall and winter than during spring and summer. Linear regression models suggested that
discharge and photoperiod may be important environmental cues for movements of both species. Pallid
sturgeon used moderately diverse, dynamic macrohabitats while shovelnose sturgeon were less
selective in macrohabitat use. Substantial differences in habitat use and movements between adult
pallid and shovelnose sturgeon indicate that shovelnose sturgeon have limited utility as pallid sturgeon
surrogates.



HABITATS AND MOVEMENTS OF PALLID AND SHOVELNOSE STURGEON

IN THE YELLOWSTONE AND MISSOURI RIVERS,

MONTANA AND NORTH DAKOTA

by

Robert Glenn Bramblett

A thesis submitted in partial fulfillment
of the requirements for the Degree

of
Doctor of Philosophy
m

Biological Sciences

MONTANA STATE UNIVEPR SITY-BOZEMAN
Bozeman, Mc. " a '

February 1996 -

™ = 1 M 1 =

Th

'S B B A W VB




£/1 !

APPROVAL
of a thesis submitted by

Robert Glenn Bramblett

This thesis has been read by each member of the thesis committee and has been
found to be satisfactory regarding content, English usage, format, citations, bibliographic

style, and consistency and is ready for submission to the College of Graduate Studies.

Dr. Robert G. White 3
ignature)

Approved for the Department (Biology)
Dr. Ernest R. Vyse
(Signature) X (Date)

Approved for the College of Graduate Studies

Dr. Robert L. Brown
(Signature)



iii

STATEMENT OF PERMISSION TO USE
In presenting this thesis in partial fulfillment of the requirements for a doctoral
degree at Montana State University-Bozeman, I agree that the library shall make it

available to borrowers under rules of the Library. I further agree that copying this thesis

. is allowable only for scholarly purposes, consistent with "fair use" as prescribed in U. S.

Copyright Law. Requests for extensive copying or reproduction of this thesis should be

referred to University Microfilms International, 300 North Zeeb Road, Ann Arbor,

Michigan 48106, to whom I have granted "the exclusive right to reproduce and distribute .

my dissertation in and from microform along with the non-exclusive right to reproduce

and distribute my abstract in any format in whole or part."

Signature &l J W

Date // "27‘{/ 76




v

ACKNOWLEDGMENTS

I wish to express my gratitude to my graduate advisor, Dr. Robert G. White for
his support, guidance, and friendship during this project. I also thank Drs. Clifford Bond,
Lynn Irby, Calvin Kaya, Thomas MacMahon, and Patricia Munholland who served on
my thesis committee. Drs. Patricia Munholland and John Borkowski provided statistical
consulting. Dr. Daniel Gustafson provided the study area map and performed computer
programming. Pat Clancey of the Montana Department of Fish, Wildlife and Parks
(MDFWP) initiatéd telemetry of pallid and shovelnose sturgeon in this study area in
1989, and MDFWP biologist Ann Tews -continued with the research beginning in 1592.
Ann Tews and Pgt Clancey captured most of the sturgeon used in this study. I thank Dr.
Phillip Stewart of MDFWP Region Seven for the loan of a boat. Steve Krentz and Allan
Sandvol of the U. S. Fish and Wildlife Service (USFWS) Office of Ecological Services in
Bismarck, North Dakota also captured sturgeon for this study. M. Baxter, C. Endicott, D.
Gustafson, E. Jeans, S. Lohr, D. Megargle, J. Piccolo, D. Venditti and J. Zelenak assisted
in the field. Funding for this study was provided by Division of Cooperative Units,
National Biological Service; USFWS Ecological Services offices in Helena, Montana and

Bismarck, North Dakota, and USFWS Denver Regional Office. .




TABLE OF CONTENTS

Page

LIST OF TABLES.....ccoccoivnmniiseiniencans ettt et eetesa et eaearesaeneas vii
LIST OF FIGURES. .....ouuituretsnersneessnesssessssesesssesssssssssssessssssssessssesssssssesssesssnasssnessnncs xiv
ABSTRACT ... ssssssssssssssssssssssssssssssssssssesssess s et xxvi
INTRODUCTION .o seeseees et seeessees e seeseseessressres s ssroesseesssres e 1
REVIEW OF PALLID AND SHOVELNOSE STURGEON BIOLOGY.......ccccvevenencnnee. 1
Description and Taxonomy.........coceeveevene. ST 2
Distribution ........coveevecereennen et eeteeeterterestebeesestereiseteseetesiatestateteretetentensenteteSeeneeeeeeneeseas 4
ADUNAANCE ...ttt e srtemesenns 5
CauSES OF DECLIE ...cvverveerereeieeeieeieeeteetesbesete st e st e beesaesareesateseeeseres et esnnesmresanensssaees 6
HADIEAL ... ccvieeieeeierereereee e et et e s et esseae s ae s estessestaebeseeses st eneentent et et e st e s enaenesneneens e 8
FOOA HAbILS ....eciuveeeeerieeiecireectesiteeesseesse st e s eesseeemeesnnes e e neesns s sabe s sanssnssssasamnns reeeeee 11
Reproduction and Early Life HiStOry.......ccoviiiinininininncii e 12
Age and GIOWHN ....c.covvuieiirrreececcee ettt enesd LD
REVIEW OF UNDERWATER TELEMETRY .....cooiiiriiiiiieciiirininiiiciinecieeeceins e 18
STUDY OBJECTIVES ...................................................................................................... 19
STUDY AREA ...coeioeeeteeeeeteeteetete e te st ae e s s st e e sa s sasebesasesas e resenssbssas e besnnssnnssnns 21
IMETHODS ..ottt eeeevesree et e ste st e et et et e b estesse e be st e teneenene st eeessesanens et enesassaenbeersereans 27
Capture and Transmitter Attachment...........oooooiiiis 27
TELEIMELTY c.vveveeiereereietrere ettt st b e b e ettt 29
SamMPNG DESIZN. i eucvrnrrererrerrierrcreiersiisses e ssssessees ettt eb ettt ne 31
LLOCALIONS c.vveeeeveererteeeeeeeeeteeesseeeassaeesseeessee e sbaessneeesasas s beesenessneeseresesssbneaessnnssernesarsnsensen 32
Water Chemistry, Temperature and Discharge ..., rerere e e s 32
SUDSHLALE. .. veeeeeeieecereierieeseesreesseeeraebe e beeessaesneesseeemeeereesmneenesesabesanessansssansesasesanseerneennes 33
Depth and Channel Width...................... eeereeraeereerenrerete et e te et et e st st e be st e s e satsere e 35
CUITENT VEIOCIEY ..veeveeeierieeeteteeeiete ettt ettt ene s bbb na s e 35

Channel Pattern and Islands and Bars.c...ccovuueveeeeieeiiiiiieeereiiieeeeeeeerereeseseeresesnaneesaeees 36




vi

TABLE OF CONTENTS, Continued

Island Density Use and Availability .......c.ccceeeviiriiiveniies i 37
DATA ANALYSIS. ..o ieereteereneteerereneeetesrenere e s sveseneserens ettt ste e e enes 40
| WaLer TEIMPETALUIES ..ouevirveererereerereeserresessesseneritssestssesteaessseesesantesessesasseneesassensassses .41
SUDSLIALE. ... ..eeveveieteieiesirteeseereeseee i eees e re e see s esesesteaese e e Seenenbesebesees et ese st ene e aeenereens 42
Depth and Channel Width.........cccoceeccvnnecnne, et re—ereteebreaeanaeearas e e e eeeaeaaaeaas 43
Current velocity ............... etteerreeeteereeaareeetenre s reaeres e st e e s e e e te s be e e bt e et e eenreebeenees e 45
General Distribution, Home range, Diel Activity, and MOVEMENL «....eeeeereereeeseerenen 47
CIUSTEIING ..cvveeererreerereeeereeeeeeneeeeneeeens e ereeeeteerterateeeate it eeaeeeteeabe e e bt e e bt eetaenae et eenetennn 49
Movement into the Yellowstone River and the Lower Missouri River..........ccccccueee. 50,
Movement Regression MOAELS .......c.oueeuriririeriieererenieirireseeesesentesestrsssessssesesesessesesened |
Island Density Use Versus Availability ........iveevereenernrinmsiorerenennsieiserseeeeseseseeeevenes 52
RESULTS......... et et tetetete et tatetetetea et e Attt et b oA e ana bt e b et et et e e s ae s et eResea e et e R e s e et aetetanenentes 54
Water Chemistry and Temperature .........coceeeeverieceeienenniennenineniesesindie e ens 57
Discharge e eeaet et e st a ettt ettt ettt ee ettt r et e s s enaesrennen 62
Substrate............. e rerersususustesesstsereR sttt e e e R s R AR A et et b b et e b s b esasasnsand rereneenenanee 64
DIEPTH. ettt 70
CUITENE VELOCILY .vevvivreverienieierieerietrieneeateeeeestseiesesiest e e ssessbr e saesasae s esestesasneeseses 79
Channel Width ... et e e ferererenreeneeans 84
GENELal DISTIBULON. .. ..veveesieeeiese e eeeras s s s sssesessessserssesas st anssassesassssessnsesasansesas 84
AGELEGALIONS ... pereeverrverresessssessssessaessssssssesssssssssssssssssesssesssesssesssessassssenssesssecssnesisesess 00
Home range.....cc.ccceevcveeenveriiirnniiecniennne, ererereeresreeene eeereeereeeeereesaree e raeesaresessaeaenne 95
DIE]l MOVEIHENL ..vevvieiieevreeireereresessseesseeseeesseesnessessasssssesinssntssssessssesstsesssessnessnsesasees 100
Movement Rates .......ccccevveveevreniiiiiiiniiiiieieieicreenee s T cererebn s 102
Movement PatteIns ......cocvverivirienieinienieeneenresieiseresiesessnsesnnesreen SRRSO 111
CIUSTEIIIIZ 1ottt ettt ettt sa e e b b st an e nene s e ST 114
Movement into the Yellowstone and Lower MiSSOUIL IIVELS ......ccevevieienrnernieninnnne. ...116
Movement Regression MOdels ... 118
Channel Pattern, Islands, and Bars ......ccoceeeeeeeveneenrecennienieeninerccnenneseeiesneeaeenees 120
Island Density Use Versus Availability ............ etreerreeereebeerteeraee e e e reeeeeeneeenes e 124
DISCUSSION.....ceoivevererrcnrennann e Feneeseeteieeeeeeeearetesteteneetete et beeseen e teenesanenseunens 133
SUDSEIALE. ....eveeieeveeeereeesiree e e s erne e et esesteesmesesbeesemeeesmreesabaesabaessianee s rne s e e sasesssbseernnsennns 134




vii

TABLE OF CONTENTS, Continued

Current VeloCity....c.occevveloveeserenreriereenenens et ettt et et et et e ete b esseaeberserens 138
General DiStribution..........ccceecvevvveerienrnrenceeeevnnne. et e et et e e e te e st e rtaeneen 139
AGEIEEALIONS ...eeieeireriteeieterttetert ettt et et e st e et e bt s te st e e e e sse et e sstensaeaseeseeasasbeereenans 144
Home Range, Movement Rates, and Diel ACHiVItY.....cccccveeeevieeeiieeeeiieeeeee e 145
MOVEMEINE PAIEITIS .....vovievietieieetieiee ettt eer et te e eveerreerreeveensesseerteeseeneesans 147
MACIONADIEAL ......voveeeeeevetetceiieee ettt ettt s sttt s et eesas s e s s saeseeeebetes et sresesesesnans 151
Water ChemuiSIIy «...ceeeeirreeieeeereeeeeeeee et et ————— 154
Summary of FINAINGS......ccuverereirrieriieie ettt e ettt f e s et e en e sbnessneens 155
- Implications for RECOVEIY......ocviiininiiiriiiiiiteicinct et nes 156
LITERATURE CITED ....ccciooiiiririnieneeiecrenterienestesreseeeneese s eeeene et 160
APPENDIX ......ovumeieeemererereessnsissessecssessaressesantssesisessesssessesssessosesssesessssessssnsescssesssecsoesense 172




viil

LIST OF TABLES

Table Page

1.

Statistics of pallid sturgeon captured and radio tagged in the Yellowstone and
Missouri rivers in Montana and North Dakota, 1992-1994. ................... creeeeeeieens 55

Statistics of shovelnose sturgeon captured and radio or sonic tagged in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1991-

Water chemistry parameters and temperatures measured at locations of pallid
and shovelnose sturgeon in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. ........eoevvveiveireeecccrreee e eeeeni a0, 08

Results of Sign Test for temperatures at four thermograph stations in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994. V1 and V2 are the first variable and second variables listed in the
Test column, respectively. Percent V1 <V2 is the percent of non-ties in
which V1 is less than V2. UY = Upper Yellowstone River Station; LY =
Lower Yellowstone River Station; UM = Upper Missouri River Station;
LM = Lower Missouri RIVer Station. .......cccocvremiminenicrirninicccns 60

Summary statistics for discharge data at gaging stations on the Yellowstone
River near Sidney, Montana and on the Missouri River near Culbertson,
Montana for water years 1992-1994. ........cccocovmrirernenieniicienrerenreene e 62

Summary of observations of substrate use by telemetered pallid sturgeon in the
Yellowstone and Missouri rivers, Montana and North Dakota, 1992-1994. ......... 66

Summary of observations of substrate use by telemetered shovelnose sturgeon
in the Yellowstone and Missouri rivers, Montana and North Dakota, 1992-




ix

LIST OF TABLES, Continued

Table

8. Three random samples of one observation of substrate use per individual fish

for telemetered pallid (V= 23) and shovelnose (N = 21) sturgeon in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-

1994. An asterisk indicate substrate use that is significantly different for -

the two species (P < 0.05, Pearson’s xz test). Letters in parentheses
indicate results of Marcum-Loftsgaarden X2 analysis. P = preference, A =
avoidance, and NS = substrate was not significantly preferred or

B 03 (6 (<16 FEURORU U et s

9. Substrate use versus availability for telemetered pallid and shovelnose

10.

11.

12.

13.

14.

sturgeon as determined by Marcum-Loftsgaarden (1980) X2 analysis in the
Yellowstone and Missouri rivers, Montana and North Dakota, 1993-

Summary of observations of depths used by telemetered pallid sturgeon in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-

Summary of observations of depths used by telemetered shovelnose sturgeon
in the Yellowstone and Missouri rivers in Montana and North Dakota,

1992-T994 ...ttt ettt s b b a e s

Results of ANOVA Model (1) and tests of overall means of depth, maximum
depths, and relative depths for telemetered pallid sturgeon and shovelnose
sturgeon in the Yellowstone and Missouri rivers in Montana and North

Dakota, 1992-1994......cuiieieieeeeie ettt

Summary of observations of current velocities used by telemetered pallid
sturgeon in the Yellowstone and Missouri rivers in Montana and North

Dakota, 1992-1994......ccccniriiiiiiiieieeiciee ettt ettt eras

Summary of observations of current velocities used by telemetered
shovelnose sturgeon in the Yellowstone and Missouri rivers in Montana

and North Dakota, 1992-1994........c.oceerrerereeremerererereressseneseseesaessesesesesessssens

Page

...... 71




LIST OF TABLES, Continued

Table Page

15. Results of ANOVA Model (2) and tests of overall means of surface, mean
column, and bottom current velocities for telemetered pallid and

shovelnose sturgeon in the Yellowstone and Missouri rivers in Montana
and North Dakota, 1992-1994.......uo ettt e 83

16. Aggregations of pallid sturgeon in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. Aggregations are defined as river
reaches <1 km with > 3 telemetered pallid sturgeon present on the same
day. River kilometer is location of center of reach; river kilometers 0-11
are on the Yellowstone River; river kilometers 2524-2545 are on the
Lower MiSSOUIT RIVET. ....oovviieririiniiriiiintcciictetencrcrenre e 92

17. Aggregations of shovelnose sturgeon in the Yellowstone and Missouri rivers
in Montana and North Dakota, 1992-1994. Aggregations are defined as
river reaches <1 km with > 3 telemetered pallid sturgeon present on the
same day. River kilometer is location of center of reach; river kilometers
0-114 are on the Yellowstone River; river kilometers 2542-2545 are on the ‘
Lower MISSOUIT RIVET. ...viiviiiiieeiiiiieniee et et sttt sas e 93

18. Days at large, number of locations and home range for telemetered pallid
sturgeon in the Yellowstone and Missouri rivers in Montana and
North Dakota, 1992-1994. .......ccvivieirrerrineneieeeeeeiese it ssese s seensenees 96

19. Days at large, number of locations and home range for telemetered
shovelnose sturgeon in the Yellowstone and Missouri rivers in Montana
and North Dakota, 1992-

20. Seasonal home ranges (km) for telemetered pallid and shovelnose sturgeon in
the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994. Seasonal home ranges with the same letter are significantly
different from €aCh OthEr.....ccvivieeiirieie ettt 98

21. Summary of information on diel activity for teleimetered pallid sturgeon in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-




Table

X1

'LIST OF TABLES, Continued

Page

22. Summary of information on.diel activity for telemetered shovelnose sturgeon

in the Yellowstone and Missouri rivers in Montana and North Dakota,
19921994 ...oooveeeeeeereseisesee s et 101

23. Movement rates for telemetered pallid and shovelnose sturgeon in the

Yellowstone and Missouri rivers in Montana and North Dakota, 1992-

1994. P = pallid sturgeon; S = shovelnose sturgeon, DS = downstream
movements; US = upstream movements. Mann-Whitney P levels are for

the results of the hypothesis tests between numbered variables. ..........ccccceeeeene 104

24. Movement rates for telemetered pallid and shovelnose sturgeon by season in

the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994. P = pallid sturgeon; S = shovelnose sturgeon; DS = downstream .
movements; US = upstream moOVements........ccevviiniriiinieinnicinee e 108

25. Results of testing for differences in seasonal movement rates measured as

km/d for telemetered pallid and shovelnose sturgeon in the Yellowstone
and Missouri rivers in Montana and North Dakota, 1992-1994. Seasonal

. movement rates with the same letter are significantly different from each

OLRET (P < 0.05). erseerrsoeessserssseersessesesseersesssnsssessessssceseseseeresesemessssiveressn 1 10

26. Summary of information on analysis of clustering by season for telemetered

pallid and shovelnose sturgeon in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. ......ccviriiriinireieeeeeeeeeeeeeere e 116 .

27. Summary of observations of macrohabitat use for telemetered pallid and

shovelnose sturgeon in the Yellowstone and Missouri rivers in Montana
and North Dakota, 1992-1994.....ccureririrreeeeeeerteeesteseeesre e saeens 121

28. Island density category, locations, and lengths of reaches in the Lower

Missouri and Yellowstone rivers, in Montana and North Dakota, 1992-
1994. Island density categories are 1 =none - no.islands; 2 = single - a
single island, no overlapping of islands; 3 = frequent - occasional
overlapping of islands, with average spacing between islands less than 10
river widths; and 4 = split channel - islands overlap other islands’
frequently or continuously, the number of flow channels is usually two or




xii

LIST OF TABLES, Continued

Table

29. Total lengths and percentages of reaches in island categories 1-4 in the Lower
Missouri and Yellowstone rivers in Montana and North Dakota, 1992-
1994. Island density categories are 1 = none - no islands; 2 = single - a
single island, no overlapping of islands; 3 = frequent - occasional
overlapping of islands, with average spacing between islands less than 10
river widths; and 4 = split channel - islands overlap other islands

30. Summary of xz analysis and conclusions on preference and/or avoidance of
the four macrohabitat types for telemetered pallid sturgeon in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994. Island density categories are 1 = none - no islands; 2 = single - a
single island, no overlapping of islands; 3 = frequent - occasional
overlapping of islands, with average spacing between islands less than 10
river widths; and 4 = split channel - islands overlap other islands
frequently or continuously, the number of flow channels is usually two or

31. Summary of Pearson's xz analysis and conclusions on preference and/or
avoidance of the four macrohabitat types for telemetered shovelnose
sturgeon in the Yellowstone and Missouri rivers in Montana and North
Dakota, 1992-1994. Island density categories are 1 = none - no islands; 2
= single - a single island, no overlapping of islands; 3 = frequent -
occasional overlapping of islands, with average spacing between islands
less than 10 river widths; and 4 = split channel - islands overlap other
islands frequently or continuously, the number of flow channels is usually

BUVO OF T e nneneeenenneesessesessrereneeeseraeeeseeeessees sermrereeeeesesessessesassnsssaratasesasasersesenees

32. Summary of models of individual pallid sturgeon locations (river km) with
discharge as the dependent variable in the Yellowstone and Missouri rivers
in Montana and North Dakota during 1992-1994. YS = Yellowstone

River; UM = Upper Missouri River; LM = Lower Missouri River. ................

Page

..173




xiii

. LIST OF TABLES, Continued

Table

33. Summary of models of individual shovelnose sturgeon locations (river km)
with discharge as the dependent variable in the Yellowstone and Missouri
rivers in Montana and North Dakota during 1992-1994. YS =

34. Summary of models of individual pallid sturgeon locations (river km) with
photoperiod as the dependent variable in the Yellowstone and Missouri

rivers in Montana and North Dakota during 1992-1994..........ccceeivecieeeienenne

/.

. 35. Summary of models of individual shovelnose sturgeori locations (river km)

with photoperiod as the dependent variable in the Yellowstone and

Missouri rivers in Montana and North Dakota during 1992-199%4...................

36. Summary of models of individual pallid sturgeon locations (river km) with
discharge and photoperiod as the dependent variables in the Yellowstone
and Missouri rivers in Montana and North Dakota during 1992-1994. YS

37. Summary of models of individual shovelnose sturgeon locations (river km)
with discharge and photoperiod as the dependent variables in the
Yellowstone and Missouri rivers in Montana and North Dakota during |
1992-1994. YS = Yellowstone River; UM = Upper Missouri River; LM =

Page




Xiv

LIST OF FIGURES

Figure ‘ Page

1. Map of the StUAY Ar€a........ccocueruiriiiiiniiiiiiieciereee e

2. Fork lengths of pallid and shovelnose sturgeon telemetered in the Yellowstone

and Missouri rivers in Montana and North Dakota, 1992-1994. ...........cceeveenneee. 57

3. Median water temperatures measured at four stations in the Yellowstone and
Missouri rivers in Montana and North Dakota, 1992-1994. The Intake
thermograph was on the Yellowstone River 112 km above the confluence,
the Yellowstone thermograph was 1 km above the confluence, the Upper
Missouri River thermograph was 2 km above the confluence, and the

Lower Missouri thermograph was 47 km below the confluence. .......c..cccecueenenne. 59

4. Minimum, median and maximum daily temperatures from the Lower
Yellowstone River minus minimum, median and maximum daily
temperatures from the Upper Missouri River Station, 1993. Points above
zero represent temperatures that are higher at the Lower Yellowstone

River Station than at the Upper Missouri River Station, and vice-versa. .............. 61

5. Discharge in the Yellowstone River at Sidney, Montana and the Missouri

River at Culbertson, Montana, water years 1992-1994. ...........ccccviniinninininnnnns 63

6. Estimate of distribution of substrate types in the Yellowstone and Missouri
rivers in Montana and North Dakota, 1993-1994 by river kilometer from N
= 1273 random points. River kilometer 0 is the confluence of the
Yellowstone and Missouri rivers, river kilometers 0 to 150 are in the
Yellowstone River, river kilometers 2445 to 2545 are in the Lower

VLIS SOUIL RIVET . +evrneeeeeeeeeeeeeteeeeasereesssseesessnsssiseeseeseseessrnsrsssnsseessssssnsssessaseessrsnnnssnes 65

7. Substrate use and availability for telemetered pallid sturgeon in the
Yellowstone and Missouri rivers, Montana and North Dakota, 1993-1994.
P indicates that the substrate class was significantly preferred, A indicates
that the substrate class was significantly avoided, and NS indicates that
use of the substrate class was not significantly different from its
availability as determined by Marcum-Loftsgaarden chi-square analysis (P
< 0.05, see methods). Abbreviations for substrate classes are: F/S = fines
and sand; SD = sand dunes; G/C = gravel and cobble; B/B= boulder and
DEATOCK. «.cveieeeeeette ettt erte et et e r e s et e srr e et e sabesaas et s b b s ab s s ae s nb e areaenaean




XV

LIST OF FIGURES, Continued

Figure

8. Depths at telemetered pallid (N = 164) and shovelnose sturgeon (N = 147)
locations in the Yellowstone and Missouri rivers in Montana and North
Dakota, 1992-1994. Small box is median, large box is 25% and 75%

percentiles, and whiskers are minimum and maximum values.............cceeeee....

9. Maximum depths at telemetered pallid (N = 137) and shovelnose sturgeon (N =
117) locations in the Yellowstone and Missouri rivers in Montana and
North Dakota, 1992-1994. Small box is median, large box is 25% and

75% percentiles, and whiskers are minimum and maximum values. ..............

10. Relative depths at telemetered pallid (N = 134) and shovelnose sturgeon (N =
117) locations in the Yellowstone and Missouri rivers in Montana and
North Dakota, 1992-1994. Small box is median, large box is 25% and

75% percentiles, and whiskers are minimum and maximum values. ..............

11. Predicted depths and 95% confidence intervals for télemetered pallid and

shovelnose sturgeon, versus hours after SUnNTise. .......ccoeveevevviineciiniincinne

12. Bottom current velocities at telemetered pallid and shovelnose sturgeon
locations, Yellowstone and Missouri rivers, Montana and North Dakota,

1992 = 1994 ..ottt bbb

13. Column current velocities at telemetered pallid and shovelnose sturgeon
locations, Yellowstone and Missouri rivers, Montana and North Dakota,

1992 = 1994 ..ottt bbb s

14. Locations of pallid sturgeon by river kilometer in the Yellowstone and Lower
Missouri rivers in Montana and North Dakota, 1992-1994. Black bars are

capture locations, gray bars are telemetry relocations. .........ccoeveveiereiininnnnnnn,

15. Locations of shovelnose sturgeon by river kilometer in the Yellowstone and
Lower Missouri rivers in Montana and North Dakota, 1992-1994. Black

bars are capture locations, gray bars are telemetry relocations..........cceeveveuenens

Page

...... 74

e 15

...... 78

82

...... 82

...... 87




xvi

LIST OF FIGURES, Continued

Figure

16. Aggregations of telemetered pallid sturgeon (open circles) and shovelnose
sturgeon (open squares) in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. Aggregations were defined as
groups of three or more individuals in a reach of river one km long

17. Aggregations of telemetered pallid sturgeon (open circles) and locations of a
gravid female pallid sturgeon (radio frequency 49.030; solid circles)
during April-July 1993, illustrating potential pallid sturgeon spawning
locations. Aggregations were defined as groups of three or more

individuals in a reach of river one km long. ................. SRR

.18. Range by season for telemetered pallid sturgeon (summer N = 20; fall N = 16;
' winter N = 5; spring N = 22) in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. Small box is median, large box is
25% and 75% percentiles, and whiskers are minimum and maximum

VLIS, oeneeeeeeeeereeesereeasereserseraentesesasssssssssssestssesssnssnsnsssssssesssennsnsnssssesnnansasssssssaens

19. Range by season for telemetered shovelnose sturgeon (summer N = 22; fall N
= 14; winter N = 7; spring N = 19) in the Yellowstone and Missouri rivers
in Montana and North Dakota, 1992-1994. Small box is median, large box
is 25% and 75% percentiles, and whiskers are minimum and maximum

VAIUES. uuvueeenennsnensaasaseseaeseosesereeaeerererererererereteeaesteetessasiatsesasasasassesssessesseressseneenens

20. Proportions of observations on moving pallid and shovelnose sturgeon during
four diel periods in Yellowstone and Missouri rivers in Montana and
North Dakota, 1992-1994. Diel categories are: 1) Day - =1 h after
sunrise until < 1 h before sunset; 2) Dusk - <1 h before sunset until <1 h
after sunset; 3) Dark - > 1 h after sunset until > 1 h before sunrise; 4)
Dawn - < 1 h before sunrise until < 1 h after sunrise

21. Upstream movement rates measured at intervals greater than 24 h for
telemetered pallid (V= 206) and shovelnose sturgeon (N = 174) in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994. Small box is median, large box is 25% and 75% percentiles, and
whiskers are minimum and maximum values

Page

...... 95

..... 99

..... 99




Figure

23.

24.

25.

26.

27.

xXvii

LIST OF FIGURES, Continued

N
22. Downstream movement rates measured at intervals greater than 24 h for

telemetered pallid (N = 197) and shovelnose sturgeon (N = 165) in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994. Small box is median, large box is 25% and 75% percentiles, and

whiskers are minimum and maximum Values.........ccooevvirininninininniins

Upstream movement rates measured at intervals less than 24 h for telemetered

pallid (V= 57) and shovelnose sturgeon (N = 20) in the Yellowstone and
Missouri rivers in Montana and North Dakota, 1992-1994. Small box is
median, large box is 25% and 75% percentiles, and whiskers are minimum

ANA MAXIMUINL VALUES. cevieerieiieteteie it ieeeeeeeererereseseseasessasaseesnsnsesnsnnsassssnsssnsssessssasns

Downstream movement rates measured at intervals less than 24 h for

telemetered pallid (V= 54) and shovelnose sturgeon (N = 16) in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994. Small box is median, large box is 25% and 75% percentiles, and

whiskers are minimum and MaximuIn VAIUES. ...ceeeeeevererrerveeenneeeeerreensnneneesenens

Movement rates by season measured at intervals greater than 24 h for

telemetered pallid sturgeon (summer N = 132; fall N="71; winter N = 14;
spring N = 186) in the Yellowstone and Missouri rivers in Montana and
North Dakota, 1992-1994. Small box is median, large box is 25% and
75% percentiles, and whiskers are minimum and maximum -

VAL e ieeeneeeeeeeereeereaeaeeseresseressesesessnssssess sassnsesseesenrrrnsnrnrsnnsnnees eeererenrerennnanans

Movement rates by season measured at intervals greater than 24 h for

telemetered shovelnose sturgeon (summer N = 157; fall N = 61; winter N =
10; spring N = 111) in the Yellowstone and Missouri rivers in Montana

_and North Dakota, 1992-1994. Small box is median, large box is 25% and

75% percentiles, and whiskers are minimum and maximum

Movements of pallid sturgeon 49.680 in the Yellovs}s'tone' and Lower Missouri

rivers in Montana and North Dakota, 1992-1994. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are

1N the Y elloWStONE RIVEL. cievvveeereeeieeieeerereerunsiseaseiserierirrstsssraeeesrssnsssasesessseses

Page

....106

111




xviii

LIST OF FIGURES, Continued

Figure Page

28.

29.

30.

31.

32.

33.

Movements of shovelnose sturgeon 48.860 during 1992-1993 in the
Yellowstone River, Montana. Negative river kilometers are in the Lower
Missouri River, positive rivér kilometers are in the Yellowstone River. ............ 113

Percent of observations in four categories of channel pattern for telemetered
pallid and shovelnose sturgeon in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. ...t 122

Percent of observations in reaches with and without islands and alluvial bars
for telemetered pallid and shovelnose sturgeon in the Yellowstone and
Missouri rivers in Montana and North Dakota, 1992-1994. ........cccccovvvirnvuenennnenn. 122

Percent of observations in four categories of seral stage of island or bar for
telemetered pallid and shovelnose sturgeon in the Yellowstone and
Missouri rivers in Montana and North Dakota, 1992-1994. B/P = bare or
pioneer; W/C T = willow/cottonwood thicket; Y C = young cottonwood
forest; M C = mature cottonwood gallery ‘
FOTESt.veveeverereerieiee e eteereteteites feebeeeseeseseesestesesteseesestesetesteretesernenaneerens 123

Percent of observations in four categories of alluvial bar for telemetered
pallid and shovelnose sturgeon in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. ........evviriieiieeieeerecentreseeeessfreseene s 124

Distribution of available island density categories in the Lower Missouri
River and Yellowstone River in Montana and North Dakota, 1992-1994.
Negative river kilometers are in the Lower Missouri River, positive river
kilometers are in the Yellowstone River. Island density categories are 1 =
none - no islands; 2 = single - a single island, no overlapping of islands; 3
= frequent - occasional overlapping of islands, with average spacing
between islands less than 10 river widths; and 4 = split channel - islands
overlap other islands frequently or continuously, the number of flow
channels is usually twWo O thI€e. ........cceoveviiviriniiiniininiieeie e eerreeeeeens 127




Xix

LIST OF FIGURES, Continued

Figure ' Page

34. Percent use minus percent availability for 13 individual pallid sturgeon with
N = 10 observations and 9 individual shovelnose sturgeon with N > 8
observations (open circles) for four macrohabitat categories in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994. Solid circles are pooled value for all pallid sturgeon (N =21 fish, N
= 246 observations) and all shovelnose sturgeon (N =18 fish, N=139
observations). The range between the uppermost and lowermost open
circles indicates the extent of variation among individual fish. Island
density categories are 1 = none - no islands; 2 = single - a single island, no
overlapping of islands; 3 = frequent - occasional overlapping of islands;
with average spacing between islands less than 10 river widths; and 4 =
split channel - islands overlap other islands frequently or continuously, the
number of flow channels is usually two or three..........ccceeve vveverreeriieriieeceeeeae 131

35. Movements of shovelnose sturgeon 48.280 in the Yellowstone and Missouri
rivers in Montana and North Dakota, 1992-1994. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are
in the Yellowstone River. Square symbols indicate locations in the Upper
MISSOUIT RIVEL. ..vovioiiriieeririieereristese e st ss e sas st san s e ens 187

36. Movements of shovelnose sturgeon 48.300 during 1994 in the Yellowstone
River, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone

37. Movements of shovelnose sturgeon 48.320 during 1994 in the Yellowstone
and Missouri Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are
in the Yellowstone River. Square symbols indicate locations in the Upper
IMASSOULT RIVETL. .eviviereitieieeeeceteesce e s st seteevesuesansnesanesnassasssasesbessassnesnasannans 188

38. Movements of shovelnose sturgeon 48.340 during 1994 in the Yellowstone
River, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone




XX

LIST OF FIGURES, Continued

Figure Page

39.

40.

4].

42.

43.

44,

45.

46.

Movements of shovelnose sturgeon 48.360 during 1994 in the Yellowstone
River, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone

Movements of shovelnose sturgeon 48.380 during 1994 in the Yellowstone
River, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone

Movements of pallid sturgeon 48.520 during 1992-1993 in the Missouri _
River, North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone River........ccevvevevnnnnnn. 190

Movements of pallid sturgeon 48.540 during 1992-1993 in the Missouri
River, North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone River.........ccocovvveveneniins 190

Movements of shovelnose sturgeon 48.550 during 1993-1994 in the
Yellowstone River, Montana and North Dakota. Negative river kilometers
are in the Lower Missouri River, positive river kilometers are in the
Y EllOWSLONE RIVET. ..veeeerveeeiieeeieeecee et ertee st e ettt et e e s sreeeesaneesmnesesaneesans 191

Movements of pallid sturgeon 48.562 during 1994 in the Yellowstone River,
Montana and North Dakota. Negative river kilometers are in the Lower
Missouri River, positive river kilometers are in the Yellowstone River. ............ 191

Movements of pallid sturgeon 48.570 during 1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are
in the Yellowstone River. ............... e teeeeeteeeeter et etete e ta e e e e e it e nbesaeeaenas 192

Movements of pallid sturgeon 48.580 during 1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are
N the YelloWStone RIVEL. ...cccvvvveriieenieneerieniiinititisne e 192




XX1

LIST OF FIGURES, Continued

Figure . o o Page

47.

48.

49.

50.

51.

52.

53.

54.

Movements of shovelnose sturgeon 48.590 during 1993 in the Yéllowstone
River, Montana and North Dakota. Negative river kilometers are in the

Movements of shovelnose sturgeon 48.600 during 1991-1992 in the
Yellowstone River, Montana. Negative river kilometers are in the Lower
Missouri River, positive river kilometers are in the Yellowstone River. ............ 193

/

Movements of shovelnose sturgeon 48.620 during 1991-1993 in the
Yellowstone River, Montana and North Dakota. Negative river kilometers
are in the Lower Missouri River, positive river kilometers are in the :
YeEllOWSIONE RIVET. ...eevveiieierieriieierienteee ettt st st ee e s sresnesrensesne e 194

Movements of shovelnose sturgeon 48.640 during 1991-1992 in the
Yellowstone River, Montana and North Dakota. Negative river kilometers
are in the Lower Missouri River, positive river kilometers are in the
Yellowstone RIVer. ......ovvvieviniccinccininiiennn. eereeeneeaeeateeateeste e teentreanteraeeen 194

Movements of shovelnose sturgeon 48.660 during 1991-1993 in the Missouri
and Yellowstone Rivers, Montana and North Dakota. Negative river
~ kilometers are in the Lower Missouri River, positive river kilometers are
in the Yellowstone RIVEL. ...oiieciiiriieiiieniirenreeneesiceee e e esneee e 195

Movements of shovelnose sturgeon 48.680 during 1991-1993 in the Missouri
and Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are
in the Yellowstone RIVEL. ....iiiecieriieieiierireeeenteeee st eser e e sene e snsesisesanees 195

Movements of shovelnose sturgeon 48.760 during 1991-1993 in the Missouri
and Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are
in the YellOWSTONE RIVEL. ....c.ovrueviveveiecesineeesessssssesessessssessssssssssssssssssssesssesssenens 196

Movements of shovelnose sturgeon 48.820 during 1992 Yellowstone River,
Montana. Negative river kilometers are in the Lower Missouri River,
positive river kilometers are in the Yellowstone RiVer........cccccoevvveieinieiirennnnen. 196




xxii

LIST OF FIGURES, Continued

Figure

55. Movements of shovelnose sturgeon 48.840 during 1992 in the Yellowstone
River, Montana. Negative river kilometers are in the Lower Missouri

River, positive river kilometers are in the Yellowstone River...........ccccceeuene.

56. Movements of shovelnose sturgeon 48.860 during 1992-1993 in the
Yellowstone River, Montana. Negative river kilometers are in the Lower

Missouri River, positive river kilometers are in the Yellowstone River. .......

57. Movements of shovelnose sturgeon 48.880 during 1992 in the Yellowstone
River, Montana. Negative river kilometers are in the Lower Missouri

River, positive river kilometers are in the Yellowstone River.........ccccceeneeee.

58. Movements of shovelnose sturgeon 48.900 during 1992-1993 in the
Yellowstone River, Montana. Negative river kilometers are in the Lower

Missouri River, positive river kilometers are in the Yellowstone River. .......

59. Movements of shovelnose sturgeon 48.920 during 1992 in the Yellowstone
River, Montana. Negative river kilometers are in the Lower Missouri

River, positive river kilometers are in the Yellowstone River........................

60. Movements of shovelnose sturgeon 940 during 1992 in the Yellowstone
River, Montana. Negative river kilometers are in the Lower Missouri

River, positive river kilometers are in the Yellowstone River.........cccocvennees

61. Movements of pallid sturgeon 49.020 during 1992-1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are

11 the YelloOWSTONE RIVET. wevveeveiieieieieeeeeieiiieieieieie e et eeseeesse s sesssesesesesenensienes

62. Movements of pallid sturgeon 49.030 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are

1N the YellOWSLONE RIVEL ovvvvereeereeeererereietenssneessseseeseeeemsesssssseseessnrassssseseseennes

Page

..... 197

..... 198

..... 200




xxiii

LIST OF FIGURES, Continued

Figure

63. Movements of pallid sturgeon 49.050 during 1992-1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are

1N the YelloOWSTONEe RIVEL. oovviiieiiieeiiiiieeieeeeeteeeeraeieseeseseseseteansesssesetnanssaoennes

’

64. Movements of pallid sturgeon 49.070 during 1992-1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are

in the YelloWStone RIVEL. ....cceeveeiieeereeeieciecieesieecieesieesreesseesesesseeeseaesseesseens

65. Movements of pallid sturgeon 49.100 during 1992-1994 in the Missouri and
Yellowstone Rivers, North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone

66. Movements of pallid sturgeon 49.130 during 1992-1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are

1N the Y elloWSTONE RIVEL. wuvvererereiereieereeeeieeseerererereesessasassesessssssasssssssesosasssasssasns

67. Movements of pallid sturgeon 49.170 during 1992-1993 in the Missouri and
Yellowstone Rivers, North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone

68. Movements of pallid sturgeon 49.240 during 1991-1993 in the Missouri and
Yellowstone Rivers; Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are
in the Yellowstone or Upper Missouri River. Square symbols indicate

locations in the Upper Missouri RIVET. ......ccccvviriiniiininineeeiieees

69. Movements of pallid sturgeon 49.350 during 1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are

1N the YelloWStone RIVEL. .ovvvveiviiiierieieeeeeereeieirtsiiieereeseserernssssaessesssmmssnnaseeen

Page

..... 201

..... 201

...202

..203

..... 204




xxiv

LIST OF FIGURES, Continued

Figure

70.

71.

72.

73.

74.

75.

Movements of pallid sturgeon 49.370 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are

N The YellOWSLONE RIVETL. covviveveeeiiiieieiiieeeenmnssiesieeeseressessesesnsesesessssssssessessesens

Movements of pallid sturgeon 49.630 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are
in the Yellowstone

Movements of pallid sturgeon 49.650 during 1993-1994 in the Missouri and
Yellowstone Rivers, North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone or
Upper Missouri River. Square symbols indicate locations in the Upper
Missouri

Movements of pallid sturgeon 49.670 during 1993 in the Yellowstone and
Lower Missouri rivers, North Dakota, Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone

Movements of pallid sturgeon 49.680 in the Missouri and Yellowstone Rivers
in Montana and North Dakota., 1992-1994. Negative river kilometers are
in the Lower Missouri River, positive river kilometers are in the
Yellowstone

Movements of shovelnose sturgeon 49.710 during 1993-1994 in the Missouri
and Yellowstone Rivers, North Dakota. Negative river kilometers are in
the Lower Missouri River, positive river kilometers are in the Yellowstone

Page

....204




XXV

LIST OF FIGURES, Continued

Figure

76. Movements of pallid sturgeon 49.712 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are
in the Yellowstone

77. Movements of shovelnose sturgeon 49.790 during 1993-1994 in the Missouri
River, North Dakota. Negative river kilometers are in the Lower Missouri

River, positive river kilometers are in the Yellowstone River.......cccceeerenene

78. Movements of pallid sturgeon 49.810 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are
in the Yellowstone

79. Movements of pallid sturgeon 49.830 during 1993 in the Missouri and
Yellowstone Rivers, North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kllometers are in the Yellowstone

80. Movements of pallid sturgeon 49.850 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are
in the Yellowstone or Upper Missouri River. Square symbols indicate

locations in the Upper Missouri RIVET. ......ccoivviniinininiiiiiinieici,

81. Movements of pallid sturgeon 49.870 during 1993 in the Upper Missouri

RIVET, MORLANA. ...eeeiviirerieeiieeirreereneronreeesesesesaeeenesssnesstesssstessssannsssnsstensnsessnes

82. Movements of shovelnose sturgeon 3335 during 1991-1992 in the Upper

Missouri River, MONLANA. ......ccvceeerieerireenriiennreenieeeieeenesssntcsssneesssanesesanesenns

Page

....206

....210

....210




XXV1

ABSTRACT

Habitat use and movements of the endangered pallid sturgeon and the closely related
shovelnose sturgeon are poorly known. Using radio and sonic telemetry, I obtained
observations of microhabitat and macrohabitat use and movements on 24 pallid and 27
shovelnose sturgeon in the Yellowstone and Missouri rivers in Montana and North
Dakota. Pallid sturgeon preferred sand and avoided gravel/cobble substrates. Shovelnose
sturgeon preferred gravel/cobble and avoided sand substrates, although individual
shovelnose sturgeon were variable in substrate use. Pallid sturgeon used depths ranging
from 0.6 to 14.5 m, while shovelnose sturgeon used depths ranging from 0.9 to 10.1 m.
Median depths at pallid sturgeon locations were significantly greater than at shovelnose
sturgeon locations, and there was significant variation in mean depths among individual

+ pallid and shovelnose sturgeon. Pallid and shovelnose sturgeon used bottom current =
velocities ranging from 0 to 1.37 m/s, and 0.02 to 1.51 m/s, respectively. Mean bottom
current velocities were significantly greater at shovelnose sturgeon locations than at

_ pallid sturgeon locations, although analysis of variance indicated that difference was due
to location in the Yellowstone River versus the Lower Missouri River. Pallid sturgeon-
were most often relocated in the lower 28 km of the Yellowstone River in spring and
summer and in the Lower Missouri River in fall and winter. Shovelnose sturgeon were
most often relocated in the 114 km of the Yellowstone River from the Intake diversion
dam to the confluence in all seasons. Only rarely were either species relocated in the
Upper Missouri River. Pallid sturgeon aggregations in late spring and early summer .
indicate that spawning may occur in the lower 13 km of the Yellowstone River. Home
range of both species ranged to over 250 km. Both species moved during both day and
night and less during fall and winter than during spring and summer. Linear regression
models suggested that discharge and photoperiod may be important efivironmental cues
for movements of both species. Pallid sturgeon used moderately diverse, dynamic_
macrohabitats while shovelnose sturgeon were less selective in macrohabitat use.
Substantial differences in habitat use and movements between adult pallid and shovelnose
sturgeon indicate that shovelnose sturgeon have limited utility as pallid sturgeon
surrogates.




INTRODUCTION

)

Pallid sturgeon (Sc&phirhynchus albus Forbes énd Richardson) were listed as
endangered in 1990 under the Endangered Species Act of 1973 (Dryer and Sandvol
'1993). There is little quantitative information on mbvements and habitat use. This study
was implemented to supplement research initiated by the Montana Department of Fish,
Wildlife and Parks (MDFWP) and the U. S. Fish and Wildlife Service (USFWS) on
pallid sturgeon and a closely reléted species, the shovelnose sturgeon (Scaphirhynchus

platorynchus Rafinesque).




®

REVIEW OF PALLID AND SHOVELNOSE STURGEON BIOLOGY

Description and Taxonomy

The sturgeons (Family Acipenseridae) are large freshwater or anadromous fishes
of the infraclass Chondrostei. Sturgeons have a holarctic distribution (Berra 1981).
Infraclass Chondrostei have retained ancestral features including a cartilaginous skeleton,
retention of the notochord as adults, heterocercal tail, spiracle, spiral valve, and five rows
of boney scutes derived from ganoid scales (Moyle and Cech 1982; Birstein 1993). Both
sexes of Acipenseridae are morphologically similar, except females are generally larger
(Gilbraith et al. 1988). However, sexual dirﬁorphism was reported for Acipenser
ruthenus, as paired fins were slightly longer in the females (Breder and Rosen 1966).

Sturgeons are an ancient group, with fossils known from the Upper Cretaceous
(Bailey and Crosé 1954). 'i.“here are about 24 living sturgeon species comprising 4 genera
(Acipenser, Huso, Psuedoscaphirhynchus, and Scaphirhynchus; Rochard et al. 1990).
The beluga sturgeon, an old world species, is the world’s largest freshwater fish, reaching
weights of 1,300 kg and lengths of up to 8 m (Berra 1981). The largest North American
sturgeon is the white sturgeon (Acipenser transmontanus), which grows to about 4 m in
length and up to 590 kg in weight. Chondresteans are a highly endangered group as most

species are endangered or threatened (Birstein 1993).




River sturgeons (Genus Scaphirhynchus) are characterized by a flattened shovel-
shaped snout; a long, slender, and completely armored caudal peduncle; prolonged upper
lobe of the caudal fin; and the absence of a spriacle (Smith 1979). This morphology and
such features as small eyes, a tough leathery skin (Cross and Collins 1975),
dorsoventrally flattened body, and sensitive barbels are adaptations to a life in large,
svﬁft; and turbid rivers. Three species of Scaphirhynchus are known: pallid sturgeon,
shovelnose sturgeon, and Alabama sturgeon (S. suttkusi). Pa.llid and shovelnose sturgeon
occur in the Miséissippi river basin, while Alabama sturgeon, only recently described, are
found in the Mobile Bay Basin (Williams and Clemmer 1991).

The pallid sturgeon was first described by Forbes and Richardson (1905) based on
nine specimens collected from the Mississippi River near Grafton, Illinois in 1904. They
considered pallid sturgeon to represent a new genus and named the species
Paraschaphirhynchus albus. In a later review of Scaphirhynchus, Bailey and Cross
(1954) considered albus and platorynchus to be congeners of the genus Scaphirhynchus.
They resemble the old world genus Psuedoscaphirhynchus, and together the two genera
. comprise the subfamily Scaphirhychinae. |

Carlson et al. (1985) described the occurrence of hybrids between S. albus and S. -
Dplatorynchus in the Mississippi and Missouri Rivers in Missouri. Electrophoretic
examination of pallids, shovelnose, and hybrids found them to be indistinguishable at all

37 loci examined (Phelps and Allendorf 1983). The authors attributed the genetic




similarity of the two species to recent or incomplete reproductive isolation accompanied
by rapid morphological differentiation.

Pallid sturgeon closely resemble shovelnose sturgeon but attain larger sizes.
Pallids are generally lighter in color £han shovelnose, although color is not consistently
reliable for distinguishing the two species (Kallemeyn 1983). Important meristic and
morphometric features used to separate pallids from shovelnose are the dorsal anci anal
fin ray counts, arrangement and length of the barbels, the height of the tenth lateral plate,
and lesser degree of scutellatioﬁ. (Bailey and Cross 1954). Pallid sturgeon have 37 or
more dorsal fin rays and 24 or more anal fin rays. The bases of the outer barbels are
usually posterior to the bases of the inner barbels, so that the bases form a curve that is
convex anteriorly. In contrast, the bases of the barbels of shovelnose sturgeon are even.
In pallid sturgeon, the inner barbels are less than one sixth the head length, and shorter

than the outer barbels (Pflieger 1975).

Distribution

" The range of the pallid sturgeon is the mainstem of the Mississippi River from its
mouth to the confluence of the .Missouri River, and the Missouri River upstream to Fort
Benton, Montana as well as the lower portions of a limited number of tributaries. These
tributaries include the lower 56 km of the Big Sunflower River (Keenlyne 1989) and the
St. Francis River, the lower 64 km of the Kansas River (Cross 1967), the iower 34 km of

the Platte River (Keenlyne 1989), and the lower 322 km of the Yellowstone River
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(Brown 1971); The total length of its habitaf is about 5,725 kilometers of river. Bailey
and Crpss (1954) noted that the pallid sturgeon’s habitat was mostly limited to turbid
waters. Smallér rivers such as the Ohio’River, or the Mississippi above the confluence
with the Missouri;, have 'none, or very /few, records of pallid sturgeon occurrence. This is
in contrast to the range of the shovelnose sturgeon, which in addition to these areas of
sympatry also include:s most lﬁge tri‘butaries such as the Red, Arl;ansas, Ohio, and upper
Mississippi Rivers, as well as the Rio Grande River (Bailey and Cross 1954; Lee et al.

1980).

Abundance

Despite being oﬁe of the largest Nortﬁ American freshwater fishes, the pallid
sturgeon is a poorly knowﬁ species; it was not described until 1905 ‘(Forbes and |
~ Richardson 1905). Bailey and Cross (1954) stated that the species is “nowhere
éommon”. Aithough pallid sturgeon were probably never as abundant as shove_lnose
sturgeon (Forbes and Richardson 1905, Bailey andT Cross 1954, Fisher 1962), in recent |
years a decline in‘pallid sturgéon abundance Has been documented, particularly in the
Missouri River from the Fort Peck dam in Montana downstream to the Gavin’s Point dam
near Yankton, South Dakota (Keenlyne 1989): Although poor sampling efficiencies in
large rivers may contribute to its appérent rarene_%s ('Kal}emeyn 1’9‘83),‘ observations of
pallid sturgeon over its entire range have declined from an average of 50 per year in the

~ 1960’s to just 6 per year in the 1980’s (Keenlyne 1989). Shovelriose sturgeon have also
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been reduced in abundance (Bailey and Cross 1954) but apparently have not declined to

the same extent as pallid sturgeon.

Causes of Decline

Most authors attribute the décline of pallid sturgeon to the massixl/e habitat
alterations that have taken place over virtually all of its 1<*ange (Kallemeyn 1983; Gilbraith
et. al. 1988; Keenlyne 1989; Dryer and Sandvol 1993). Starting with Fort Peck in 1938, a
total of six mainstem dams have been builf on.the Missouri River. Approximately 51%
of the total range of the pallid sturgeon has been channelized for barge navigation and
28% has been impounded. The remaining 21% of its range is below dams, and therefore
has altered temperature, flow, and sediment dynamics (Keenlyne 1989).

Habitat modifications such as dams and channelization are thought to have
impacted pallid and shovelnose stqrgeon by blocking movements to spéwning or feeding
ar;aas, destroying spawning areas, alteriné temperatures, turbidity, and flow regiﬁes, and
reducing food supply (Keenlyne 1989). Moreover, these alterations have led to a loss of
sediment loads and flood pulses thereby disrupting the processes of meandering, erosion
and accretion (Hesse 1987). This- causes a loss of conne;:tion to the floodplain which
reduces allocthonous carbon inputs, causing a decline in overall productivity (Hesse
1987; Junk et al. 1989). Also, reciuction in habitat diversity and quantity may effectively
remove habitat-related reproductive isolating mechanisms, thereby leading to

hybridization between pallid and shovelnose sturgeon.




Commercial fishing is known to have severely reduced sturgeon stocks in the
Missouri and Mississippi in the late 1800°s (Keenlyne 1989). Although pallids were not
usually distinguished from shovelnose or lake sturgeon in the catch records, i’_[ is likely
that their stocks also suffered from overharvest. As long ago as 1951, declines in
Mississippi. r;l.nd Missouri River stocks of sturgeon were .noted (Barnickol and Starret
1951). The commercial catch of shovelnose sturgeon in parts of the Mississippi River
declined up to 94% during the period from 1899 to 1946 (Barnickol and Starret 1951).
Shovelnose and probably pallid sturgeon were considered a nuisance by some
commercial fisherman and were intentionally destroyed (Carlander 1954; Moos 1978).

Forbes and Richardson (1905) reported that pallid sturgeon represented only a small

_ portion of the commercial sturgeon harvest in the Mississippi, but they were much more

prevalent in the catch of the Lower Missouri River.

Pollution of the waters in the pallid and shovelnose sturgeon’s range may also be
a threat to their survival. High levels of pollutants in the Mississippi and Missouri River
has precipitated fish consumption warnings and regtricted commercial fishing in some
areas (Keenlyne 1989). Because the pallid sturgeon has a long life span, and feeds on
other fishes and insects (Carlson et al. 1985), it would tend to bioaccumulate pollﬁtants;
Concentrations of heavy metals and organic compounds found in pallid sturgeon from the
Missouri River may be high enough to have an effect on reproduction (Ruelle qnd

Keenlyne 1993).




Habitat

Hébitat use by pallid sturgeon is poorly known. Pallid sturgeon distribution aﬁd
general observations seem to indicate that they require large, turbid riverine habitat with a-
firm sandy or gravelly substrate (Bailey and Cross 1954). Bailey and Cross (1954) noted
that pallid sturgeon were most closely associated in habitat and distribution with sicklefin
chub (Macrhybopsis meeki), a species of large, turbid rivers (Lee et al. 1980). Notably,
the sicklefin chub is another candidate species for endangered status. Cross and Collins
(1975) state that the pallid sturgeon is restricted to large, muddy ﬁvers with swift
currents. Researcl:ners in Missouri captured both pallid and shovelnose in gear-sets along
sandbars on the inside of riverbends, and in deeply scoured pools behind wing dams,
indicating overlap of habitat use by the two species. However, 4 of 11 pallids captured in
the Missouri study were captured in gear—sets_in swifter currents where shovelnose
sturgeon were less numerous (Carlson et. al. 1985). |

Quantitative data on habitat use by pallid sturgeon are limited. Several pallids
have been observed by SCUBA diving and gillnetting in the tailwaters of Fort Peck dam
on the Missouri River, particularly during the winter months. Depths in this tai1p061
range to 12.2 m (Clancy 1990). Prior to this study, habitat data gathered by use of radio
telemetry from the fish captured below Fort Peck dam have yielded a total of five

observations of habi;cat use on two pallid sturgeon. One of the pallid sturgeon moved

about 272 km downstream, and the other moved about 72 km downstream from the Fort




Peck tailrace during the period from March to mid-June. Current velocity near the river
bottom at relocation sites ranged from 0.46 to 0.96 m/s, turbidity ranged from 12 to >100
Jackson tubidity units, while dep‘t.h ranged frém 1.7 to 2.7 m. Both of these individual
pallid sturgeon appeared to prefer turbid water, as relocations in the vicinity of the
confluence with the Milk River were consistently in the plume of turbidity aléng the
north bank where the Milk River entered the Missouri River.

Pallid sturgeon movements and habitat use were studied in Lake Sharpe, South
Dakota using sonic telemetry (Erickson 1992). Lake Sharpe is a 137 km segmént of the
Missouri River below Oahe Dam and above Big Bend Dam; the upper segment is
riverine. Pallid sturgeon were most often found at depths from 4 to 6 m, bottom current
velocities from 0 to0.73 WS, and substrates ranging from mud to gravel and cobble.
Pallid sturgeon movement was greater at night and was positively correlated with water
temperatures and discharge, and largér fish moved more than smaller fish. However
because Lake Sharpe is a highly altered habitat, it is possible that these data do not reflect
true habitat preference.

The shovelnose sturgeon is a benthic, rheophilic species that occurs in large
rivers, living primarily in the strong currents of the main channels over sand or gravel
substrates (Bailey and Cross 1954). In Pool 13 of the upper Mississippi River, radio-
tagged shovelnose sturgeon were found exclusively in the riverine portion of this habitat,
which also has sections that are of a more lentic nature (Hurley et al. 1987). Habitat use

differed between spring and summer. In the high water of spring shovelnose sturgeon
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" used velocity refuges such as wing dams. In the summer when water levels were lower,
shovelnose stqrgeon were found in main channels more often. Depths at shovelnose
sturgeon locations ranged from 1 to 10 m (mean, 4.4 + 0.07 m). Bottom currer‘1t

* velocities at shovelnose sturgeon lo,cations ranged from 5 to 65 cm/s (mean, 33 £0.5

cm/s). Surféce current velocities ranged from 10 to 105 cm/s (ﬁlean, 59 £ 0.9 c/s).

Most relocations were over sand substrate, but shé)velnose sturgeon were also found

associated with the large rock substrate that composed the wing dams.

Helms (1974) captured shovelnose sturgeon in the upper Mississippi River by
drifting trammel nets. Catch per uﬁit effort (CPUE) was highest in tailwater areas below

| dams (méan, 5.3 fish/drift; N = 32 drifts), where shovelnose sturgeon made up 80% of the

catch. CPUE was lower in main channel, main channel border, and side channel habitats

(means, 2.9; 2.5; 3.0; N = 240; 484; 33 drifts respectively). Low current velocity haiaitats

could not be sampled by this Iﬁethod.

In the upper Miséissippi River, shovelnose sturgeon were generally sedentary, but

did exhibit movements of up to 11.7 km/d (Hurley et al. 1987). Helms (1974) also found

modest movement of tagged shovelnose sturgeon; mean upstream and downstream

distances from capture site were 2.6 and 0.8 kﬁl, respectively. However, individual’
shovelnose sturgeon were recaptured és far as 193 km from the original capture site.

Schmulbach (1974) reports downstream movements of up to 534 km, while Moos (1578)'

documented movements of up to 250 km for shovelnose sturgeon in the Lower Missouri

River.
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Food Habits

As with other biological attributes, information on the diet of pallid sturgeon is
limited. Carlson et al. (1985) examined nine pallid sturgeon stomachs. They found that
fish (primarily cyprinids) and larval Trichoptera were the most prevalent food items by
volume (38% for each) and frequency of occurrence (56% for each). The remainder of
the stomach contents were comprised of other aquatic insects and invertebrates, as well as
plant matérial and sand, which were probably taken incidentally. .In the same study, the
stomachs of shovelnose sturgeon (N = 234) contained fewer fish (2% by volume; 4% by
frequency of occurrence) while pallid/shovelnose hybrids (N = 9) were intermediate in
fish consumption (31% by volume; 22% by frequncy of occurrence). A pallid sturgeon
from the Kansas River also had fish and larval aquatic insects in its stomach (Cross
1967).

Feeding behavior of pallid sturgeon has been observed in captivity. At Aksarben
Aquarium in Nebraska, a single pallid sturgeon is fed goldfish and other small fish. A
pallid sturgeon specimen and some presumed pallid/shovelnose hybrids held at Blind
Pony hatchery in Missouri are fed small fish and crayfish. Pallid sturgeon broodstéck
held at the Gavin’s Point National Fish Hatchery in South Dakota are fed live I;ainbow
trout along with prepared broodstock diet.

Modde and Schmulbach (1977) studied food habits of shovelnose sturgeon in an

unchannelized reach of Missouri River in South Dakota. Stomach contents consisted
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primarily of benthic insects. Trichoptera, Diptera and Ephemeroptera were the most
important groups, although many other macroinvertebrate groups were represented. No
fish were found in shovelnose sturgeon stomachs. The authors described the shovelnose
sturgeon as an opportunistic macroinvertebrate feeder that does not exhibit specific
preferences for any food items. Trichoptera, Diptera and Ephemeroptera were again
found to be the most important food items in shovelnose sturgeon stomachs in the |
Mississippi and Missouri Rivers in Missouri (Carlson et al. 1985). However, in this
study a few fish were found in shovelnose sturgeon stomachs. In a recent study in the

"~ Missouri River above Fort Peck reservoir in Montana, Trichoptera, Diptera and
Ephemeroptera were the most prevalent invertebrate food items in shovelnose sturgeon
stomachs. Larval fish were also found in the diet during late spring months (Douglas
Megargle, Montana Cooperative Fishery Research Unit, Pers. Comm.). Other authors
also report that benthic insects are the most important food items (E‘ddy and Surber 1947;

Barnickol and Starret 1951, Hoopes 1960; Held 1969, Helms 1974; Elser et al. 1977,

Berg 1981; Gardner and Berg 1982; Gardner and Stewart 1987).

Reproduction and Early Life History

Pallid sturgeon are long lived, slow growing and mature at advanced ages
(Gilbraith et al. 1988). Fogle (1961) reporfed that males were sexually mature at 3 to 4
years old and lengths of 533 to 584 mm. However, Keenlyne and Jenkins (1993)

estimated that males reach sexual maturity at age 5 to 7 years, and may not spawn every
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year. Females wete estimated to begin egg development at age 9 to 12 years, and spawn

for the first time at ages 15 to 20, with intervals of several years between spawning.
Factors SLllCh as forage availabifity and other environmental conditions may influence age
of sexual maturity and the length of intervals between spawning years (Dryer and
Sandvol 1993). |

Keenlyne etal. (1992) reported on the fecundity of a pallid sturgeon specimen
captured in the Missouri River in North Dakota. The specimen weighed 17.1 kg, was
140.4 cm in fork length, and was estimallt_f_:d to be 41 years old, based on pectoral fin
annuli. Ovary mass was 11.4% (1.925 kg) of total body weight. Oocytes averaged 87/g,
yielding a fecundity estimate of 170,000 eggs. Oocytes were iﬁ late state of maturity as
indicated by a uniformly light black color and ovoid shape. Oocytes ranged from 2.5 to
3.0 mm in length and 2\.0 fo 2.5 mm in diameter.

' Time of spawning has not been we]l documented, but is believed to occur
sometime from March through July depending on location (Forbes and Richardson 1905;
Gilbraith et al. 1988; Keenlyne and Jenkins 1993). More recent observations include
adults in spawning condition in late May and early June in the vicinity of the
Missouri/Yellowstone River confluence (Allan Sandvol, USFWS, pers. comm.).

Little information on pallid sturgeon reproduction exists. Sampling for young of
the year fishes below Gavin’s Point Dam (Kozel 1974), in Lake Oahe (Beckman and

Elrod 1971) and for larval fishes in the middle Missouri (Hergenrader et al. 1982) have

yielded no pallid sturgeon. There is no information on the locations or physical
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parameters of pallid sturgeon spawning habitat. However, their spawning habitat must be
similar to that of the shovelnose sturgeon as hybridization has been documented (Carlson
et al. 1985). Introgression‘may be occurring because reproductive isolating mechanisms
have been lost due to degradation of, or'the blocking of access to, preferred pallid -
sturgeon spawning habitat. |

Details of pallid sturgeon spawning are not known but may be similar to those
reported for other sturgeon species. Breder and. Rosen (1966) report that as a group,
sturgeon exhibit uniform spawning behavior. All sturgeon species spawn in the spring or
early summer, are multiple spawners, and release theif eggs at intervals. The adhesive
eggs are released in deep channels or rapid‘s and are left unattended (Gilbraith et al.
1988). The larvae of Acipenserids are pelagic, becoming buoyahf or active immediately
after hatching (Moyle and Cech 1982). White sturgeon in the Columbia River spawned
in the swiftest Water velocities ‘avail.able (0.8 - 2.8 m/s mean column velocity) over
cobble, boulder or bedrock substrates in depths of 4 to 23 m (Parsley et al. 1993).

Shovelnose sturgeon ar!: reported to spawn over rocky or gravely substrates in
- main channel habitats of the Mississippi and Missouri Rive.rs and their major tributaries
(Moos 1978; Helms 1974). In the Tongue River, Montana, shovelnose sturgeon spawned
when water temperatures reached 17°C to 21.5° C in early June to mid-July (Elser et al.

1977). In the Missouri River near Vermillion, South Dakota, shovelnose sturgeon

spawned when water temperatures reached 18 ° to 19°C (Moos 1978). In the Missouri
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River above Fort Peck reservoir in Montana, shovelnose sturgeon spawned in June and
early July (Berg 1981).

Larval pallid and sﬁovelnose sturgeon are neaﬂy identical (Carlson 1983).
However, recent ‘V\'Iork (Snyder -1 994) has provided some diagnostic characters to separate
pallid and shovelnose sturgeon larvae, except for recently hatched specimens less than 10.
mm (total leﬁgth; TL). However, identification of certain larger specimens remains
difﬁcul;c due to oyerlap of characters. Also, it is suspected that the pallid sturgeon
broodstock used to produce the speciméns for the study by Sﬁyder (1994) were actually’

pallid x shovelnose sturgeon hybrids.

Age and Growth

~

The age and growth of pallid sturgeon is not Wéll documented. The l;ctrgest
specimen on record was 30..8 kg (Brown 1971). Six pallid sturgeon from Lake Oahe on
the Missouri River in South Dako;ca were aged and lengths were back calculated by using
pectoral fin ray cross sections (Fogle 1963). Estimated ages rénged from 5 to 10 years.
Average lengths at ages were as follolws: 1 =279 mm; 2 =378 mm; 3 = 470 @; 4=574
mm; 5 =638 mm; 6 =672 rﬁm; 7="732 rr'1\m; 8= 790 mm;l9 = 838 mm; 10.= 881 mm.

© Kallemyn (1983) presented length-weight rela;ciohéhips for fish from Lake Oahe
and Lake Sﬁarpe (two mainstem Missouri-River reservoirs iﬁ South Dakota) based on the

data of Fogle (1961 1963) and June (1981), respectively. These relationships showed

that from ages O to 6 or 7, and a length of 600 mm, pallid sturgeon increase thelr length
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l

relatively more than their body weight. After 600 mm is reached, weight increases more
rapidly than length. Findings of a recent study supported this growth pattern (Keenlyne
and Maxwell 1993). |

Carlson et al. (1985) aged pallid, shovelnose and hybrid sturgeon from the
Missouri and Mississippi Rivers in Missouri. Eight pallid sturgeon had estimated ages
r;emging froﬁ age 4 to age 9 and had slower growth than the Lake Oahe fish aged by

Fpgle (1963). Lengths of pallid sturgeon were significantly greater than lengths of

shovelnose sturgeon of the same age, while hybrids were generally intermediate in length.

Keenlyne et al. (1992) aged a 1404 mm fork length pallid sturgeon taken from the
" Missouri River in North Dakota. The specimen weighed 17.1 kg, and age was estimated
at 41 years based on pectoral fin ray annuli, the oldest pallid sturgeon on record.
However, fhe authofs note that if size is a reasonable indicator of age, this specimen was
not unusually old, since larger specimens have been captured. _
Helms (1974) aged shovelnose sturgeon from the Mississippi River. Ages ranged
from 0 to 12 years and fork lengths ranged from 188 mm to 716 mm. However, other
authors (Christiansen 1975; Berg 1981) have-ql.lestioned these growth rates as being
higher than those reported elsewhere (Schmulbach 1974). Berg (1981) aged 122
shovelnose sturgeon from the Missouri River above Fort Peck Reservoir in Montana.
Ages ranged from 8 to 33 years and averaged 21.3 years. Fork lengths ranged from 533

to 945 mm; weights ranged from 0.8 to 3.9 kg. Similar sizes are reported from the .

Yellowstone River in Montana (Peterman and Haddix 1975; Elser et al. 1977, Backes et
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al. 1994). Reports from the upper portions of the Missouri and Yellowstone River
systems in Montana and North Dakota indicate that both pallid and shovelnose sturgeon
attain larger sizes in the upper basin than in the lower portions of the Missouri and
Mississippi basins (Helms 1974; Haddix and Estes 1976; Elser et al. 1977; Rehwinkle

1978; Bérg 1981; Keenlyne 1989; Backes et al. 1994; Keenlyne et al. 1994).




18

REVIEW OF UNDERWATER TELEMETRY

Both radio (Haynes et al. 1978; Buckley and Kynard 1985; Wooley and Crateau
1985; Hurley et al. 1987; Curtis 1990; Hall et al. 1991; Seibel and Kynard 1992) ahd
ultrasonic (McCleave et al. 1977; Apperson and Anders 1990; Hall et al. 1991; Kieffer
and Kynard 1992; Moser and Ross 1995 ) transmitters have been used in sturgeorll |
telemetry studies. Because radio signals penetrate the water/air interface, rapid
relocations by moving boats (Hall et al. 1991) or aircraft (Tyus 1990) are possible.
However, radio signals cannot be received from tagged fish in deep water particularly in
waters of high conductivity such as the Missouri (Clancy 1990) and Yellowstone rivers.
Clancy (1991) found that radio signals of tagged pallid sturgeons were not detectable in
water deeper than 4.6 m. |

Ultrasonic telemetry is Superior to radio telemetry in salt water or deep fresh
water with high conductivity because unlike radio signals, sonic signai strength is not
attenuated in these habitats. Disadvéntages of ultrasonic telemetry are that signals are
adversely affected by aquatic vegetation, thermoclines, turbulence, boat motors and
raindrops (Strasko and Pincock 1977; Winter 1983). Also, because a hydrophone must
be submerged in the water to receive sonic signals, locations over large areas are time

consuming and range of detection is less than with radie signals.




19

Surgical implantation of radio and/or sonic transmitters has been used in sturgeon
telemetry studies (Wooley and Crateau 1985; Hall et al. 1991; Kieffer and Kynard 1993;
Moser and Ross 1995). Intemal transmitters do not cause drag or abrasion and cannot be
snagged, although the procedure takes longer to perform than external attachment, and
the fish must undergo a longer recovery period (Winter 1983). This method is considered
best for long-term attachment (Strasko and Pincock 1977; Winter 1983).. Tyus (1988)
documented long-term retention of surgically implanted radio transmitters in Colorado
squawfish (Ptychocheilus lucius) and razorback sucker (Xyrauchen texanus) of up to 8
years. However, loss of surgically implanted transmitters has been documented for
shortnose sturgeon (Kieffer and Kynard 1993), Atlantic sturgeon (Moser and Ross 1995),
channel catfish (Ictalurus punctatus, Summerfelt and Mosier 1984; Marty and
Summerfelt 1986), and rainbow trout (Oncorhynchus mykiss; Chisolm and Hubert 1985).

‘Other sturgeon researchers have used external attachment of transmitters
(McCleave et al. 1977; Haynes et al. 1978; Buckley and Kynard 1985; Wooley and
Crateau 1985; Hurley et al. 1987; Apperson and Anders 1989; Hall et al. 1991; Kijeffer
and Kynard 1993; Seibel and Kynard 1992; Moser and Ross 1995). External transmitter
loss has been reported for pallid sturgeon (Clancy 1990; 1991), Atlantic sturgeon (Kieffer
and Kynard 1993; Moser and Ross 1995),~ and shortnose sturgeon (Kieffer and Kynard

1993; Moser and Ross 1995).
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STUDY OBJECTIVES

The overall objective of this study was to describe and compare habitat use and
movements of pailid and shoyelnoé;e; sturgeon in the Yellowstone e;nd Missouri rivers in
.Monta.na and North Dakota. Obsetvations of habitat use and movements of pallid and
. shovelnose sturgeon were obtained through radio and sonic telemetry. Specific
hypotheses tested considered differences in substrate ﬁsé, depth, current velocities, '
channel width, locations, home range, movement patterns, moveme;nt rates, diel
movement, grouping of sturgeon, and macrohabitats between pallid and shovelnose
sturgeon.. Differences in habitat use gnd movements between telemetered individuals of

both species and among seasons were also examined. .
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STUDY AREA

The study area included about 375 km of the Missouri River frém Fort Peck dam in
Montana, downstream to the headwaters of Lake Sakakawea in North Dakota as well as
the lower 113 km of the Yellowstone River from the Intake diversion dam at Intake,
Montana to its confluence with the Missouri River in North Dakota (Figure 1). The
Pallid Sturgeon Recovery Plan identiﬁgs the study area as a recovery-priority area based
on recent records of pallid sturgeon occurrence and the probability that this area provides
suitable habitat for pallid sturgeon recovery (Dryer and Sandvol 1993)‘.' Hereafter, the
confluence of the Yellowstone River and Missouri River will be referred to as the
conﬂueﬁce. The overall study area can be divided into three distinct reaches (Tews
1994):

1) The Yellowstone River (river km 0.0 - 113-.0). The Yel‘iowstone River is the longest
undammed river in the contiguous United States, and its lower reache% represent what is
probably ;che most pristine large prairie river in North America (White ‘a}d Bramblett
1993), althoﬁgh 31% of its drainage basin area is behind dams (Koch et al. 1977).
Discharge, temperature, sediment load and suspended sediment are all higher in the
Yellowstone River than in the Missoufi River. The mean annual ‘dischﬁge of the
Yellowstone River at Sidney, Montaria, located about 47 km above the confluence of the

Missouri River for 78 years of record (1911 = 1931, 1934 - 1993) is 361 m’/s (12,760
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ft3/s). The highest instantaneous peak flow on record was 4503 m®/s (159,000 ft3/s). The
lowest instantaneoﬁs low flow on record was 13.3 m’/s (470 ft3/s). Water temperatures at
this gage ranged from 0.0 °C to 29.0 ° C (water years 1951 - 1985). Daily sediment load
at this station ranged from 63 to 3,030,000 tons, while suspended sediment ranged from 8
to 26,800 mg/L (water years 1971 to 1981, 1983 - 1992; U. S Geological Survey 1993).
The upper paﬁ of the study reach has numerous islands, bars, backwaters and
chutes; a primarily cobble and gravel substrate; a sinuous to irregular (Kellerhals et al. .
1976) channel pattern and an average slope in a representative reach of 0.046% (Koch
1977). At Sidney, Montana, located about 47 km above the confluence of the Missouri
River, slope declines and sand replaces gravel as the predominant substrate while islands,

bars and lateral channel habitats remain common. .




Upper Missouri River

Fort Peck Reservoir Sacacawea

Intake

25 km

Figure 1. Map of the study area.
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2) Upper Missouri River (river km 2545.4 - 2850.5). In contrast to the free-
. flowing Yellowstone River, the hydrograph, sediment dynamics and temperature regime
of this reach of the Missouri River in the study area have been altered by the coﬁpletion,
of Fort Peck Dam in 1937 (Gardner and Stewart 1987; Hesse 1987; Latka et al. 1993).
Although the Milk and Poplar rivers, entering the Missouri River 17.2 and 140 km below
Fort Peck dam, respectively, help restore some of the river’s natural character,
temperatures are affected for the entire 298 km length of the Missouri River below Fort
Peck dam in Montana (Gardner and Stewart 1987).

This reach includes the Fort Peck dam tailrace and dredge cuts, located just below
Fort Peck dam. The area is characterized by relatively cold, clear water from the
hypolimnetic release, 56.5 m below the surface of the reservoir at full pool (Gardner and
Stewart 1987). Because this water carries no suspended sediment, severe bank ana bed
degradation has occurred in this area. Substrates which were probably formeily primarily
sand are now gravel and cobble, and the lack of turbidity allowE al?undant growth of
periphyton. Located 2..6 and 10.0 km below the dam are areas known as the dredge cuts
that were deepened by dredging during construction of Fort Peck dam. The dredge cuts
are essentially lentic habitats whose level is controlled by the level of the river. Depths in
the dredge cuts are generally greater than those found elsewhere in the study area, ranging

to about 14 m, and velocities near zero are common (Tews 1994).
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The river undergoes a transition from an erosional to a depositional character,
although this is due to the impacts of Fort Peck dam rather than natural factors as on the
Yellowstone River. Prior to the construction of Fort Peck dam, the entire reach was
probably depositional. Substrate in the upper part of the reach is cobble and gravel, while
the lower part of the reach is characterized by numerous shifting sand bars (Gardener and
Stewart 1987). Gradient is generally lower than that in the Yellowstone River, ranging
from 0.011% to 0.028% (Tews 1994).

| The mean annual discharge of the Missouri River at Culbertson, Montana, located
about 63 km above the confluence of the Yellowstone River for 44 years of record (1941
- 1952, 1958 - 1993; all post-Fort Peck dam) is 291 m*/s (10,270 ft*/s). The highest
instantaneous peak flow on record was 2215 m’/s (78,200 ft3/s). The lowest
instantaneous low flow on record was 16.3 m’/s (575 ft3/s). ‘Water temperatures at this
gage ranged from 0.0° C to 24.5° C (water years 1965 - 1979). Daily sediment load at
this station ranged from 421 to 147,000 tons, while suspended sediment ranged from 30
to 2,940 mg/L (water years- 1972 to 1976; USGS 1993).

3) Lower Missouri River (river km 2475.0 - 2545.4). This reach extends from the
confluence of the Yellowstone and Missouri rivers located about 5 km east of the
' Montana - North Dakota border to the headwaters of Lake Sakakawea. The amount of
riverine habitat in this reach varies with the elevation of water in Lake Sakakawea. At
full pool (560 m), this reservoir inundates all but about 24 km‘of the Missouri River.

’
However, because of below full pool water elevations in Lake Sakakawea during this
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study, about 50 - 80 km of riverine habitat existed below the confluence of the
Yellowstone River (Tews 1994). Due to the influence of the Yellowstone River, the
Missouri River regains some of its natu‘r'al character below the confluence of the two
rivers. Sandbars and islands are common, and depths are greater than in the Yellowstone

or Upper Missouri Rivers.
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- METHODS

Capture and Transmitter Attachment

Adult pallid and shovelnose sturgeon were captured by drifting sinking trammel
or gill nets. Ne’gs were set perpendicular to the current and drifted for 1 to 42 min,
average drift time was about 7 mi‘n'(Tews 1994). Neté} were 1.8 m high l?y 15-37 mlong
and either mono- or multi-filament gill or trammgl nets (Tews 1994; Krentz 1994). One
pallid sturgeon was captured by hand by SCUBA divers in a semi-riverine area adjacent
to the dredge cuts below Fort Peck dam Most pallid and shov'eh:’lose sturgéon for this

study were captured by MDFWP or USFWS biologists; although in 1992, five
shovelnose s@geon were obtained from anglers at the Intake diversion dam on the
Yellowstone Rivet. Following capture, sturgeon were weighed, measured, and fitted with
transmitters. |

A variety of sénic and radio transmitters, either surgically impllanted or externally
attached were used in this study. All fish received a radio transmitter, elind some fish -
received both radio and sonic transmitters. Surgically implanted transmitters were
implanted following the methods of Clancey (1992)'. The fish were .suspended in 6:4 mm

) : .

netting with their ventral surface up. River water was pumped over the gills with a small

bilge pump. Two incisions were made in the ventral body wall: the primary incision

~

. about 64 mm long and located about midway along the longitudinal axis of the body; the
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secondary incision was about 25 mm long and located just anterior of the pelvic fins. The
sonic transmitter was inserted first and positioned anterior to the primary incision. Next,
the antenna of thg: radio transmitter was fed into a catheter which was then inserted into
the primary incision and pushed posteriorly along the inner body wall until it appeared at
the secondary incision. The catheter and antenna were then pulled through the secondary
incision while simultaneously inserting the radio transmitter into the primary incision
(Ross 1981). About 20 cm of antenna was left trailing from the secondary incision. Both
incisions were closed with a series of individual inverted mattress sutures using Ethibond
green braided polyester suture material attached to an OS-4 curved cutting needle. The
transmitters and all surgical equipment were soaked in Novalsan disinfectant prior to
‘implantation. Follolwing surgery, the fish were held in a live. car inAquiet water for about
20 min and then released.

The external radio and sonic transmitters were attached to the dorsal fin,
following methods used successfully for white sturgeon (Apperson and Anders 1989).
Plastic-coated braided stainless steel wires attached to the transmitter were passed
through the fleshy base of the dorsal fin. The wires were then passed through holes in a
mounting plate cut from a piece of PVC tubing the same size as the transmitter, convex
side towards the dorsal fin. The wires were then secured with crimps 1\nade from copper

tubing. The plastic coating was stripped from the stainless steel wires at the crimps. This

allowed the two dissimilar metals to contact each other, therefore the crimps and wires
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should degrade by electrolysis, allowing the transmitter to detach after an unknown

length of time.

Telemetry

Each radio transmitter had a unique frequency between 48.00 and 49.99 Mhz, and
each sonic transmﬁter had a unique pulsed code at 75 kHz. Radio transmitters allowed
aerial surveys of the large study area,' and sonic transmitters allowed the possibility of
relocating fish in water too deep for radio signals to penetrate the water/air interface. An
Advanced Telemetry Systems scanning radio receiver and a Sonotronics model USR-91
sonic receiver with a submersible directional hydrophone were used to locate fish.

Telemetered fish were located using a combination of boat and aircraft searches.
During May through August 1992, May through November 1993 and May through
September 1994, fish were located approximately bi-weekly during aerial surveys of the
study area in a single-engine fixed-wing aircraft. Following aerial surveys, observations
were made from a 5.3 m aluminum jet boat. During other time periods, fish were located
approximately monthly, primarity by MDFWP biologists.

During aerial surveys, a whip-style antenna was attached to the wing strut of the
aircraft, and when radio signals were loudest the fish’s location was marked on 7.5
minute U. S. Geological Survey (USGS) topograi)ﬁic maps. The precision of aerial

relocation was about + 0.4 km.
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Boat surveys proceeded in a downstream direction. This allowed a quiet approach
by drifting over sttﬁgeon rather than motoring up into radio range from downstream.
Sturgeon relocations made from the boat were done by first detecting the radio signal
with a whip-style antenna. Range of radio reception varied with depths of fish and
conductivity of the water. The deeper the fish and the higher the conductivity, the shorter
the range of reception. The radio signal was generally initially received with the whip
antenna at a range of 400 to 600 m or mére.

Once a radio signal was detected, one of two methods of determining the fish’s’
location was used, depending on if the fish had both sonic and radio transmitters or just a
radio transmitter. For those fish with radio transmitters only, locations were determined
by triangulating the radio signal from shore with a directional loop antenna. Surveyor’s
pin flags were placed to define two intersecting lines that were then sighted from the river
and the boat was maneuvered over the fish’s location. Blind tests with dummy
transmitters placed in the river showed this technique to 1t;e accurate to within about 3 m
of the actual location, which is about the same as the boat’s maneuvering error.

For those fish with both radio and sonic receivers, the directional loop antenna
was used to determine the fish’s position in the chgnnel cross section while drifting
downstream from above the fish. The .boat was maneuvered to drift directly over the fish,
and the motor was turned off. The loop antenna could generally receive the radio signal
from distances less than about 400 m. The sonic signal was usually detectable at about

100 m and was quite directional. As the boat drifted over the fish, the signal became




31

omnidirectional when within about a 10 m diameter area. When the location of the fish
was determined, it was marked with a float. This location was then confirmed by
triangulating the radio signal.

When a fish’s location had been determined, it was monitored for 10 min to
determine if it was moving or not by using the radio receiver and directional loop.
antenna. If the fish did not move for 10 min it was classified as non-moving. If the fish

moved during the 10 min period, it was classified as moving.

Sampling Design

To av‘oid bias, and to provide good coverage of samples in time and space, a
random sampling scheme was followed for gathering data. The study area was divided
into six units, approximately centered on boat ramp facilities. The uni;[s were about 32
km in length. |

Two types of sampling activities were conducted: 1) Daily sampling involved
-making relocations and habitat use observations on all fish in a selected unit. Two
sampling periods were established; early morning to afternoon and midday to dusk, and
two directions of travel (upstream or downstream) were possible:. Following relocation
flights, the units containing telemetered fish were listed. Then the unit, sampling period,
and direction of initial travel were chosen randomly without replacement. All data
collected during daily sampling were considered independent for subsequent analysis. 2)

Diel sampling consisted of monitoring a single fish’s movements and habitat use for a
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period of 10 to 12 or more hours during daylight hours or overnight. A sampling unit,
direction of ‘travel and time period were randomly se;lected,‘ a fish was located, and this
fish was relocated at least hourly during the diel sampling period. On some occasions,
due to their proximity, observations were made on more than one fish during a diel
samp\ling period. If a fish moved out of range at night, it was not reloce}ted until the next

morning due to the difficulty of navigating after dark.

Locations

Once a fish’s location was determined, date and time of day was recorded, \and
habitat was characterized at the site. The latitude and longitude of the locgtion was
determined with a Magellan portable Global Positioning System (GPS) unit. The center
of the rive;r was digitized and geo-referenced using USGS 7.5 minute toﬁographic maps. .
A computer program was used to \pllace the latitude and longitude of fish locations on this

line and to calculate the river km of fish locations.

Water Chemistry, Temperature and Discharge )

Water chemistry variables were usually measured along the bank near the fish’s
location because strong current often prevented anchoring the boat in midchannel. These
variables were found to be homogeneous.with respect to channel cross section location.

Water temperature was measured with a hand-held .fhcrr‘nometer. Dissolved oXygen was

!
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measured with an Otterbine Sentry III meter, and conductivity was measured with a
VWR automatic temperature compensated digital conductivity meter. Secchi disc
transparency was measured with a Secchi disc attached to a calibrated rod. -

Submersible miniature temperature recorders were used in three locations in the
study area in May through Novembe‘r in 1993 and 1994. One température logger was
placed in the Yellowstone River about 1 km above tile confluence ' (this station will be
referred fo as the Lower Yello'wstone River Station) and one temperature logger was
placed in the Upper Missouri ijer (Upper Missouri River Station) about 2 km above the
confluence. The third temperature logger was placed in the Lower Missouri River
(Lower Missouri River Station) about 47 km belcl)w the confluence. Additional
temperature data were obtained from a Montana Department of Fish, Wildlife, and Parks
temperature chart recorder in the Yellowstone River about 112 km above the confluence
(Upper Yellowstone River Station).

Discharge data were obtained from USGS streamflow gagin,;g stations. Discharge
on the Yellowstone River was obtained from a gaging station near Sidney, Montana.
Discharge on the Upper Missouri River was obtained from a gaging station near

Culbertson, Montana.

Substrate

The substrate at the fish’s location was determined by feeling with probes made

from 3 m-long steel conduits. Turbid water and/or depth usually prevented visual




34

examination of substrates. Substrates were classed as fines and sand (0 - 4 mm); gravel
(5 mm - 75 mm) and cobble (76 mm - 300 mm); boulder and bedrock (>300 mm). Blind
tests with the probe over known substrates showed that pure cobble and cobble/gravel
mixtures were not distinguishable, so these two classes were combined. Additionally, we
discovered that much of the sand substrate in the study area existed as sand “dunes”.
Thertefore, in 1993 and 1994, sand substrates with dunes at least 0.3 m high were classed
as sand dunes.

The relative proportions of substrate classes available in the Yellowstone River
and Lower Missouri River were estimated by taking substrate measurements at 1273
randomly selected points in 1993 and 1994. Location of substrate measurement points
was determined by a random sampling scheme that involved randomly choosing X and Y
coordinates with replacement on the plan view of the river channel during daily sampling
activities. As the boat proceeded downstream, distance downstream (Y-coordinate) was
determined by randomly choosing a time from 1-10 min travel time. A relative distance
across the channel (X-coordinate) was determined by randomly choosing a number
between 1-9 that indicated a position in the channe] cross-section that corresponded to
0.10 of channel width at the chosen Y-coordinate (0 was left bank, 10 was right bank).
The latitude and longitude of each random point was also recorded which allowed for

estimates of substrate availability for specific river reaches.
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Depth and Channel Width

Depth at the fish’s location was measured with an Eagle Mach 2 recording depth
finder. A cross section of the channel at the fish’s location was produced by running a
transect perpendicular to the direction of the current while recording the bottom profile
with the depth finder. Channel width was estimated with a Ranging MK5 rangefinder.
The fish’s location along the cross section was marked on the chart paper by pressing the
recorder’s mark button. The depth of the river at the fish’s location as well as the
maximum depth of the channel in the cross section was recorded. Relative depth was
then calculated by dividing the depth at the fish’s location by the maximum depth of the
channel in the cross-section. Because both pallid sturgeon and shovelnose sturgeon have
morphological adaptations for a benthic existence, fish were assumed to be on the bottom

of the river.

Current Velocity

Surface, mean column, and bottom current velocity was measured at the fish’s:
location. Mean column velocity was calcglated as the mean of cﬁrrent velocities
measured at 0.2 and 0.6 total depth. Triplicate measures were taken at éach level, and the
mean of these three measures used for comparisons. Current velocities were measured
with a Marsh-McBirney Model 201 portable meter with the velocity probe and a 6.8 kg

lead weight mounted to a cable suspension system, or a General Oceanics Model 2030R
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velocity meter. Although sturgeon were assumed to be on the bottom of the river, suiface
and mean column velocities were also measured and are presented here for ease of

-comparison to other studies that lack bottom velocity data.

Channel Pattern and Islands and Bars

Locations used by pallid and shovelnose sturgeon were characterized by
classifying the; channel pattern of the reach within about 0.5 km upstream and
downstream of the ﬁsh"s location according to categories described by Kellerhals et al.
(1976). Channel patterns were defined as: 1) straight - very little curvature within reach;
2) sinuous - slight curvature with a total lateral extent of meandering of less than about |
two channel widths; 3) irregular - occasional curves with a belt width of less than about
two channel widths; and 4) irregular meanders - increased curves with a vaguely
repeated pattern present.

The presence of islands and alluvial bars within two channel widths of the fish’s
location was also recorded. Alluvial bars are less stable than islands, are frequently
located along sides of the channel, are at elevations lower than the valley floor, and are
often not vegetated or have vegetation characteristic of an earlier sere than islands. In
contrast, islands are relatively stable, usually vegetated features at or near the séme
elevation as the valley floor.

The type of alluvial bar was classified according the scheme of Kellerhals et al.

(1976). Categories of bars were: 1) channel side bars; 2) channel junction bars; 3) point
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bars; and 4) midchannel bars. At locations with an island or alluvial bar, the successional
_ stage was classed as: i) bare or pioneer (g'rass, forbs, seedling willows or cottonwoods);
2) willow/cottonwood thicket; 3) young cottonwood forest; or 4) mature cdttonwoodl
gallery forest or latgr sere. A location was classified as bo’th island and alluvial bar if
both were present.

Finally, the river georhorphic condition within two channel widths of the fish’s
position was characfgrized as: 1 ) run - a straight reach; or 2) curve - a reach within two

channel widths of the curve’s maximum bend.

Island Density Use and Availability

Aerial photos and USGS 7.5 miﬁute topographic maps were used to chqracteri;e
the Lower Missouri River and ;che Yellowstone River in térms of island density
(Kellerhals et al. 1976). Becausé islands cause more than one flow channel and create a
diversity of depths and current velocities, island density was used as a measure of habitat
complexity. Islands were deﬁned as relativeljl stable, usually vegetated features at or
near the‘ same elevation as the valley floor (Kellerhals et al. 1976). Reaches were
 classified using the following cafegories: 1) none - no islands‘; 2) single - a single islar}d,
no overlapping of islands; 3) frequent - Qccasional overlapping of islands, With average
spacing between islands less than 10 river width;; and 4) split channel - islands ovérlép
other islands frequently or continuously, the nurhber of'ﬂow cﬁannels is usually two or

three.
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Reaches > 0.5 km from an island were classified as island density category 1.
Reaches with islands (categories 2 - 4) were defined as lengths of river < 0.5 km from an
island. | If islands in a reach overlapped or were spaced < 0.5 apart, the reach was classed
according to island density as listed above.

The center of the river was digitized and geo-referenced using USGS 7.5 minute |
topographic maps. The Universal Transverse Mercator (UTM) coordinates for the
beginning and ending of each reach were recorded. A computer program was used to
calculate the river km from the UTM’s. The length of each reach was then calculated
from the river km data.

Aerial photographs of the river taken in August, 1993 were used to verify and
adjust the locations of reaches shown on the USGS maps. The Lower Missouri River
from the US Highway 85 bridge near Williston, Noﬁh Dakota, and the Yellowstone River
from the confluence to the diversion structure on the Yellowstone River at Intake,
Montana was classified. The Missouri River below the Highway 85 bridge did not fit this
classification because it is a delta-like area mostly inundated by -Lake Sakakawea at full
pool. Also, only two fish were located in this areé over the course of the study. The
Missouri River above the confluence of the Yellowstone River was also rarely use;d and

_so was not included. Alluvial bars were not estimated because their number and

magnitude varied with discharge which differed between when the fish were located and

~when the photographs were taken.
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Only those locations made on the river with latitude and longitude recorded from
fhe GPS unit were used in calculating use of island density categories. Since thg accuracy
of GPS locations is about 90 m, no location within 90 m of an island density category
reach edge was used. Aerial locations were not used because the unknown accuracy of
the location generates an unknown potential for misclassiﬁcation with respect to island

density category.
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DATA ANALYSIS

In telemetry studies, individual animals are sampled over time. Because the
sample size is a function of the frequency lof sampling, sample sizes can be artificially
inflated by increasing the frequency of sampling. This ihs a concern particularly when
data are collectéd intensively, as occurs when monitoring diel activity, movements and
habitat use (White and Garrott 1992), and bring into question independence of such data.

‘In this study, data collected during daily sampling are considered independent. However,
because diel sampling consisted of repeated observations of an individual fish over a
relatively short period of tim.e, data collected in this manner were not considered
independent. Therefore, for analysis, daily sampling data were combined with one
randomly selected data point per diel sampling period per fish. These data are referred t(;
in the text as independent observations and are used for depth, Velci)city, substrate,
macrohabitat and overall movement analyses. In cor;trast, all observations, including
those from diel sampling, were used for analyses of diel activity patterns, for hourly
movement ratés, and for reporting overall ranges of depth and velocities used by pallid
and shovelnose sturgeon.

In the dy;aa.lmic environment of a large river, microhabitat features such as depth
and velocity are expected to vary with diécharge. Selection of the;e habitat variables by

pallid and shovelnose sturgeon involved choosing among the range of depths and

]
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velocities available over the individual fish’s home range. In order to demonstrate
preference ot choice by an individual sturgeon, the use of ceﬁain depths or velocities
must be compared to the availability of those depths or velocities at the same time that
the use is documented (Seibel and Kynard MS). Since the homg range of pallid and
shovelnose sturgeon may be in excess of 200 km of river, it is not feasible to measure use
and availability of depth and velocity at the same time over such a large area. Moreover,
to adequately describe the relative frequencies of depth and velocity over such a large
area, even given stable flow conditions, would require an effort beyond the scope of this
study. Thereforg, only use and not preference for these microhabitat variables will be
described.

When comparing depths, channel widths and current velocities at pallid and
shovelnose sturgeon locations, first the normality of the data set was tested using the
Komolgorov-Smirnov Test (Neter et al. 1993). If the Komolgorov-Smirnov test failed to
reject the hypothesis that the data were normal, the t-test was used to test if means were
significant different. In contrast, if the Komolgorov-Smirnov test rejected the hypothesis
that the data were norrr;al‘, the Manﬁ—Whitney U test was used to test if the medians were

significantly different.

Water Temperatures

Minimum, maximum and median daily temperatures for the four thermograph

stations were tabulated. The sign test (Neter et al. 1993) was used to compare daily
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temperatures from all combinations of stations within each year to determine which
stations had warmer or cooler water temperatures. The sién test computes the percentage
of times that the value of the first variable is larger than the value of second variable, and
compares this percentage to 50% under the nuli hypothesis. Because the different
stations differed in coverage of temperatures throﬁgh time, only temperatures measured

on the same day were compared between stations.

"Substrate

The hypothesié that substrate use by pallid and shovelnose sturgeon did not differ

was tested with Pearson’s xz test. Because individual sturgeon had widely varying
numbers of substrate observations, three separate random samplés of substrate use

consisting of one observation per individual fish were drawn without replacement for -

both species. Although this resulted in a smaller sample size and consequent reduction of -

power, by using only one observation per individual potehtiél bias from individual fish
Witﬁ differgnt substrate preferences and/or larger numbers of observations was
eliminated. |

The hypothesis that pallid and shovelnose sturgeon use substrate types in
proportion to their ava1lab111ty was tested by usmg ay techmque for availability
estimates generated by random points (Marcum and Loftsgaarden 1977). This techmque
first tests the hypothesis that overall use is proportionél to availability. If a significant

result is obtained, confidence intervals are constructed for each resource category. If a
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confidence interval contains zero, the resource is used in proportion to its availability. If
a confidence interval is positive, the resource class is preferred, and if it is negative the
resource class is avoided. A necessary assumption is that the relative proportions of
substrate available is constant. This assumption was checked by compariﬁg estimates of
substrate relative proportions from 1993 and 1994.

Substrate use by pallid and shovelnose sturgeon was compared to the estimated
availability of substrates in that species’ home range. The assumiﬁion that all indi'viduails
of each species has the same substrate preferences is necessary when grouping all
observations for that species together for statistical testing. For ekxample, ‘an individual
fish with a large number of observations coupled with a strict substrate preference may
alter the results of the test. This assumption was checked by comparing the fesults of the
xz test from the grouped sample to the results of xz tests using three random sub-samples
with equal contribution from each fish. If the results from the grouped and xz tests are
different, the assumption that all individuals of the species have the same substtate

preferences is not founded.

Depth and Channel Width

Two approaches were used in comparing depths, maximum depths, and relative
depths used by pallid and shovelnose sturgeon. The ﬁrgt approach involved comparing

overall depths used by pallid and shovelnose sturgeon.
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The second approach used an analysis of variance (ANOVA) to simultaneously
test the following a priori hypotheses: 1) mean depths, maximum depths, and relative
depths used by pallid sturgeon and shovelnose sturgeon were not different; 2) mean
depths, maximum depths, and relative depths used by pallid and shovelnose sturgeon in
the Yellowstone River were not different from those used in the Lower Missouri River; 3)
the difference in mean depths, maximum depths, and relative depths between shovelnose
and pallid sturgeon is the same in the Lower Missouri River and the Yellowstone River
(no interaction between species and rivers); 4) Variance of mean depths, maximum
depths, and relative depths used by individual fish of each species in each river is equal to
zero. The linear statistical model for depth, maximum depth, and relative depth was:

Y iy = B+ S+ Ry + (SR + ISR)) + By D
i=2
j=2
Yk(j) =62
1<k <18

where Si is the effect of the ith species, Rj is the effect of the jth river, (SR)jj is the effect
of the species by river interaction, I(SR)y; is the effect of the individual fish within the
species by river combination, and El(ijl'() is the residual error term. ‘The species (pallid or
shovelnose sturgeon) and the rivers (Yellowstone or Lower Missouri Rivers) were treated

as fixed effects. The individual fish was treated as a random effect, nested within one of
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the four species and river combinations. The residuals were tested for normality using
the Wilks-Shapiro test and checked for outliers by producing boxplots.

The utility of including other variables in the linear model was checked by
plotting residuals versus the values of the variables. If a pattern was apparent in the plot,
the variable was included in the model. Variables checked in this manner were discharge,
month and year, water temperature, hours before and after sunrise and sunset, diel

category, substrate type, river kilometer (location), and Secchi disk reading. Because of

small sample size, data for the Upper Missouri River were not included in the model.

Current velocit

As with depth, two approaches were used in comparing means of surface, mean
column, and bottom current velocities used by pallid and shovelnose stlirge-on. The first
approach compared overall current velocities use by the two species.

The second approach used an ANOVA to simultaneously test the following a
priori hypotheses: 1) means of surface, mean cohimn, and bottom velocities used by
~ pallid sturgeon and shovelnose sturgeon were not different; .2) means of surface, mean
column, and bottom velocities used by pallid and shovelnose sturgeon in the Lower
Missouri River and the Yellowstone River were not different; 3) the difference in means
of surface, mean column, and bottom velocities between shovelnose and pallid sturgeon
is the same in the Lower Missouri River and the Yellowstone River (no interaction |

between species and rivers) 4) Variance of means of surface, mean column, and bottom
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velocities used by individual fish of each spegies in each river is equal to zero. The linear
‘statistical model for surface, mean column and bottom velocities was:
Y gy = B+ S;+ Ry + (SR)y + I(SR)py + Eygyrg )
i=2
j=2
2k(j) =62
1<(jk)<18

where S; is the effect of the ith species, R; is the effect of the jth river, (SR); is the effect
of the species by river interaction, I(SR)y; is the effect of the individual fish within the
species by river combination, and E; is the residual error term. The species (pallid or
shovelnose sturgeon) and the rivers (Yellowstone or Lower Missouri Rivers) were treated
as fixed effects. The ihdividual fish was treated as a random effect, nested within one of
the four species and river corﬂbinations. The residuals were tested for norn'lality using
the Wilks-Shapiro test and checked for outliers by producing boxplots. As with depth,
the utility of including other variables in the linear model was checked by plotting
residuals versus the values of the variables and looking for patterns. If patterns were
apparent the variable was included in the model. Because of small sample size, data for

the Upper Missouri River were not included in the model.
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General Distribution, Home range, Diel Activity, and Movement

River kilometer of fish locations in the Yellowstone and Lower Missouri rivers
were sorted into 2 km reaches and separated by season and species. Histograms were
made il"rom tﬁese data and general distributions and seasonal use were identified from the
histograms. This éllows identification of areas used with high frequency by pallid and
shovelnose sturgeon»regardless of capture location and the year in which observations
were made.

To identify areas of high use temporally and spatially, aggregations of telemetered
pallid and shovelnose sturgeon were identified. Aggregations were defined as more than
3 telemetered pallid or shovelnose sturgeon occupying the same 1 l@ reach of river on
the same day. By identifying aggregations temporally, periods when pallici and
shovelnose sturgeon tend to aggregate can be identified. By identifying aggregations
during the presumed spawning season for pallid and shovelnose sturgeon, potential
spawning locations c:an be identified. Aggregations are presented graphically and in
tabular form.

Overall home range in kilometers was calculated by subtracting the fish’s
uppermost locafcion from the fish’s lowermost location. In cases where jndividual fish
were found in the Uppér Missouri River, in addition to the Lower Missouri River and/or
the Yellowstone River, this segment was added to the range. Home range was also

calculated for each species by season, i.e. summer = June 21 - Septeniber 22; fall =
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September 23 - December 20; winter = December 21 - March 19; spring = March 20 -
June 20; A Kruskal—Wallis ANOVA was used to test for differences among median
seasonal ranges Within species. Dunn’s nonparametric multiple corﬁpa:rison test was used
to test which seasonal home ranges were significantly different from each other. Mann-
Whitney U tests were used to test for differences between median seasonal ranges
between species.

Days at large was the length olf time between the capture of the fish and' the last
relocation or until I determined that the fish had lost its transmitter. Relocations were
usually attained by telemetry; however, in two cases, pallid sturgeon were captured and
not radio-tagged but were later recaptured and radio-tagged at that time. Also, on one
occasion a pallid sturgeon was recaptured after losing its radio transmitter. In these three
céses, location and date from the captures was added to the teleme;cry data.

Diel activity patterns were assessed by tabulating the times when fish were
observed and whether the fish was moving or not moving. This informatiqn- was.obtained
. from both daily and diel sampling activities. Sunset and sunrise tables for Williston,
North Dakota were p.sed to place the time of obs‘erVation relative to sunrise and sunset.
Four diel categories were established: 1) Day=2>1h after sunrise until < 1 h before
sunse;c; 2) Dusk =<1 h before sunset until < one h after sunset; 3) Dark =2> 1 h after
sunset until > 1 h before sunrise; 4) Dawn = < 1 h before sunrise until <1 h after

sunrise.
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The proportion of observations that were from moving fish was calculated for
each diel category for pallid and shovelnose sturgeon. In addition, to examine individual
variability of diel movements, the proportion of observations that were from moving fish
was calculated for the three individual fish of each species with the most observations.

Direction and rate of fish movements were calculated by subtracting the river
kilometer of a location from the previous location and dividing by the time between the
locations. When the time elapsed between locations was greater théln 24 h, movement
rate was calculated as km/d. When the time elapsed between locations was less than 24
h, movement rate was calculated as km/h. Because additional movement may have
occurred bétween locations, calculated movement rates represent the minimum
movement for the time period between locations.

The Mann-Whitney U test was used to test hypotheses that the median movement
rates were the same between species and between upstream and ciownstream movements
within species. Kruskal-Wallis ANOVA was used to test the hypotheses that movement
rates were the same for each season within species, followed by Dunn's multiple

comparison test.

Clustering

An analysis of the degree of “clustering” or use of common reaches of river
during the different seasons was performed to determine if pallid and shovelnose sturgeon

were more closely associated in some seasons relative to others. First, individual fish
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were separated into “batches”, i.e. groups of fish of the same species that were captured
in the same general area (a reach of river from 1 km to about 30 km long) at aboﬁt the
same time (up to 21 d from first to the last capture). By forming batches, the effect of
widely separated capture locations is controlled. Three batches of paliid sturgeon with
five to seven individuals each were formed. Six batches of shovelnose sturgeon with two
to seven individuals each were formed.

Locations (river km) of individual fish were then separated by season and batch.
The mean river km location of each individual for each season was calculated. Locations
from the Upper Missouri River were not used in this calculation because this would
introduce a third dimension to the data. If fish in a batch are widely dispersed during a
season, the variance of mean river location will be relatively large. Conversely, if fish in
a batch are clustered during a season, the variance of mean river location will be
relatively small. The hypothesis that fish in each batch had the same degree of clustering
in each season was tested by testing for homogeneity of variance among batches using

Bartlett’s Xz Test.

Movement into the Yellowstone River and the L.ower Missouri River

The number of observations of fish passing upstream from the Lower Missouri
River into the Yellowstone River or Upper Missouri River were tabulated. Preference for
entering the Yellowstone River or the Upper Missouri River was tested by Pearson's XZ

observed versus expected analysis. Median discharges on the Yellowstone River and the
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Upper Missouri River during periods when telemetered pallid and shovelnose sturgeon

passed the confluence were compared with the Mann-Whitney U test.

Movement Regression Models

Linear regression models were constructed for movements of 24 individual pallid
sturgeon and 22 individual shovelnose sturgeon. River kilometer was the response
variable and predictor variables W(*;re discharge and photoperiod.

Discharge data from the USGS gaging station on the Yellowstone River near
Sidney, Montana were used for locations on the Yellowstone River. Discharge data from
the USGS gaging station on the Missouri River near Culbertson, Montana were used for
locations on the Upper Missouri River. Since no large tributaries enter the Missouri or
Yellowstone rivers below thése gages, discharge in the Lowér Missouri River is
essentially equal to the discharge at Sidney plus the discharge at Culbertson. However,
the Sidney and Culbertson gages are 47 km and 62 km above the confluence,
respectively. Therefore, discharge in the Lower Missouri River was calculated as
discharge at Sidney the previous day plus discharge at Culbertson the previous day.
Photoperiod was calculated from a table with sunrise and sunset times for Williston,
North Dakota (U. S. Navy 1977).

Models were éonstructed for river kilometers of each fish using discharge alone,
photoperiod alone, and both discharge and photoperiod. Since discharge was different in

the three river segments (Yellowstone River, upper and Lower Missouri River) separate
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parameter coefficients were calculated for each segment that an individual fish was
located in. Photoperiod models had only one parameter estimate. Sign (positive or
negative) of para,me;ter coefﬁcients indicate if locations predicted from the model are
farther upsfream or downstream as the magnitude of dependent variables increase. Sign-

and magnitude of parameter coefficients and coefficients of simple determination (r2)

Wefe compared betgzveen individual fish, species and model. Because gcomplete data set
of river teﬁﬁperatures was not available, models using water temperature as the predictor
variable were not constructed.

These linear regression models‘lwere constructed as an exploratory data analysis
tool to identify potentjal environmental cues for movements of pallid and shovelnose
sturgeon. Hypothesis testing'and confidence intervals based on these models are
statistically invalid because the assumptions of independence with "respect to responses

and errors are clearly violated.

Island Density Use Versus Availability

Preference of island density categories was examined by using Pearson's X2
analysis (Nue et al. 1974). Two general hypotheses were tested: 1)\ use of island density
categ;)ries occurs in proportion to availability, considering all categories simultaneously,
and 2) use of island deﬁsity categories occurs in proportion to availability, considering

each category separately.
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Use of island density categories by pallid and shovelnose sturgeon was estimated
by calculating the proportion of independent obéervations in each island density category.
Use was calculated for each species with all observations pooled, as well as separated by
season (spring and summer only).

Availability was calculated according to the hypothesis being tested. For example
when testing for preference for all pallid sturgeon pooled together, availability of island
density categories for the entire pallid sturgeon range was used. When testing preference
for an individual fish, oniy the reaches in that individual’s home range were used for
availability.

Individual variation in preference of island density categories was examined by
testing preference of individual fish. Thirteen individual pallid sturgeon with N > 10
observations and 9 shovelnose sturgeon with N > 8 observations were tested. In addition,
random samples of one and two observations from each individual fish were taken to
examine the effects of many observations from few individuals on the pooled results. If
the results of testing the random samples agree with results from the pooled samples,

there is little individual variation.
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RESULTS

Twenty four pallid sturgeon and 27 shovelnose sturgeon were captured and
equipped with radio or radio and sonic transmitters (Tables 1 and 2)! Fork length range
was from 1151 to 1600 mm and from 581 to 947 mm for pallid and shovelnose sturgeon,
respectively (Figure 2). Pallid sturgeon weight range was from 10.7 to 28.2 kg, while
shovelnose sturgeon weight ranged from 0.8 to 4.2 kg.

Because the sex of pallid and shovelnose sturgeon cannot be determined
externally, the sex of most of the telemetered fish was unknown. However, the presence
of eggs was observed in seven shovelnose sturgeon that had transmitters surgically
implanted (Table 2). Also, one te‘lemétered pallid sturgeon was observed to be extruding

eggs when it was snagged by a paddleﬁsh (Polyodon spathula) angler (Table 1).
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Table 1. Statistics of pallid sturgeon captured and radio tagged in the Yellowstone and
Missouri rivers in Montana and North Dakota, 1992-1994.

Capture Radio Sonic
Radio Date of location transmitter transmitter Weight TL FL
frequency capture (river km)" weight (g) weight (g) (kg)
type” type’ L
48.520 9/30/92 2531.3 14.0 A 10.70 1349 1242
48.540 9/15/92 2523.2 140 A 24.50 1702 1600
48.562 5/21/94 108.0 12.7 A 18.8 1489° 1384
48.570 5/21/93 114.2 14.0 A 1245 1151¢
48.580 4/15/93 2520.0 14.0 A 28.0 A 13.85 1470 1385
49.020 10/19/92 25313 14.0 A 16.10 1453 1366
49.030° 4/23/93 2.7 56.0 A 28.15 1650 1566
49.050 9/30/92 2531.3 56.0 A 88.0 A 22.20 1646 1524
49.070 10/19/92 2531.3 140 A 16.60 1529 1402
49.100 6/17/92 9.1 56.0 A 88.0 A 12.70 1435 1336
49.130 10/19/92 2531.3 14.0 A 10.80 1384 1308
49.170 10/21/92 2520.0 14.0 A 19.30 1585 1486
49.240 9/16/93 2542.5 325 A 10.80 1400 1292
49.350 4/30/94 21.2 350 A 17.24 1511° 1405
49.370 9/28/93 2531.3 337 A 15.90 1428 1325
49.630 9/29/93 2531.3 344 A 14.50 1519 1400
49.650 9/28/93 2531.3 341 A 16.80 1545 1430
49.670 4/24/93 32 350 C 28.0 C - 14.53 1570 1365
49.680 4/10/92 25232 128.0 B 56.0 C 22.20 1021 945
49.712 9/28/93 2531.3 36.8 A 20.60 1635 1525
49.810 4/22/93 2.7 19.0 A ) 14.98 1470 1373
49.830 4/15/93 2520.0 19.0 A 28.0 A 20.20 1620 1514
49.850 9/14/93 2532.9 190 A 17.50 1540 1410
49.870 - 3/20/93 2847.9 19.0 A 28.0 A 17.68 1631 1524 -

* River kilométers 0 - 114.2 are on the Yellowstone River; 2520 - 2545.4 are on the Lower Missouri River;
and 2545.4 - 2850.5 are on the Upper Missouri River.

o Type A transmitter: External attached to base of dorsal fin; Type B transmitter: Internal with protruding
antenna; Type C transmitter: Internal.

° Total length calculated from TL = (FL + 47.59)/1.04 (Keenlyne and Maxwell 1993).

¢ Fork length calculated from FL = (TL - 47.59)/1.04 (Keenlyne and Maxwell 1993). -

¢ This individual was known to be female because it was observed to be running eggs after being captured
by an angler (Steve Krentz; USFWS Personal Communication).
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Table 2. Statistics of shovelnose sturgeon captured and radio or sonic tagged in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1991-1994.

Capture Radio Sonic
Radio Date of location transmitter transmitter =~ Weight TL FL
frequency . capture (river km) weight (g) weight (g) kg
) type’ _ type’ , .
3335 "7/30/91 2847.9 280 C 0.77 640 581°
48.280 5/20/94 24.9 16.0 A 1.33 744 678
48.300 5/20/94 24.9 16.0 A 1.56 799 730
48.320 5/20/94 24.9 16 A 1.76 828 749
338 7/31/91 28479 28.0 C 0.95
48.340 5/20/94 24.9 16.0 A 1.53 776 699
48.360 5/20/94 24.9 16.0 A 2.44 888 806
48.380 5/20/94 24.9 16.0 A 2.07 862 781
48.550 5/27/93 12.3 14.0 2.36 851 777
48.560 8/6/91 111.0 14.0 28.0 2.91 869 797"
48.590 6/9/93 7.0 127 ' 940 833
48.600 8/6/91 111.0 34.0 28.0 3.09 © 919 844°
48.620 8/7/91 111.0 34.0 28.0 3.40 927 852°
48.640 8/7/91 111.0 34.0 28.0 3.09 914 840°
48.660 8/8/91 2532.9 34.0 28.0 3.09 917 842°
48.680 10/9/91 2536.1 34,0 28.0 919 823
48.740 8/8/91 2534.5 12.0 28.0 1.77 856 785"
48.760 9/4/91 2540.1 12.0 28.0 2.63 940 861
48.820° 6/2/92 114.2 40.0 28.0 3.04 894 825
48.840° 6/1/92 114.2 40.0 28.0 3.49 1021 945
48.860° 6/2/92 107.8 40.0 28.0 3.20 860 823
48.880° 6/3/92 114.2 40.0 28.0 3.78 910 878
48.900° 6/3/92 114.2 40.0 28.0 3.46 940 873
48.920° 6/1/92 114.2 - 40.0 28.0 4.20 1039 947
48.940° 6/8/92 114.2 40.0 280 . 2.90 868 803
49.710 9/28/92 . 2544.1 36.8 2.30 894 820
49.790 9/28/92 2544.1 36.8 2.70 856 787

2 Type A transmitter: External attached to base of dorsal fin; Type B transmitter: Internal with protruding

antenna; Type C transmitter: Internal.
® Fork length calculated from FL = (TL - 24.02)/1.06 (Moos 1978).

o
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Figure 2. Fork lengths of pallid and shovelnose sturgeon telemetered in the Yellowstone
and Missouri rivers in Montana and North Dakota, 1992-1994.

Water Chemistry and Temperature

Water chemistry was similar at locations of both species (Table 3). Water
temperature at pallid sturgeon locations ranged from 3.0 to 26.0 °C compared to 3.0 to
27.0 °C at shovelnose sturgeon locations. Dissolved oxygen was similar at locations of
both species; the mean at pallid sturgeon locations was 8.7 mg/L while the mean at
shovelnose sturgeon locations was 9.0 mg/L. Mean conductivity was also similar; 526
umhos at pallid sturgeon locations and 536 umhos at shovelnose sturgeon locations.
Secchi disk transparency was likewise similar; the mean at pallid sturgeon locations was

20 cm and the mean at shovelnose sturgeon locations was 27 cm.
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Table 3. Water chemistry parameters and temperatures measured at locations of pallid
and shovelnose sturgeon in the Yellowstone and Missouri rivers in Montana and North

Dakota, 1992-1994.

Secchi disk
Water temperature Dissolved oxygen Conductivity transparency
o (mg/L) (micromhos) (cm)
Pallid sturgeon '
Mean 15.8 8.7 526 20
Median 18.0 8.5 550 9
Minimum 3.0 7.0° 67 1
Maximum 26.0 12.0 880 204
N 159 72 119 115
Shovelnose sturgeon . .
Mean 18.5 9.0 536 27
Median 20.0 8.6 545 22
Minimum 3.0 7.4 287 1
Maximum 27.0 11.1 903 >100
N 144 47 81 65

Although ranks of daily water témperatures varied among thermograph stations

(Figure 3), the sign test found significant differences among the four stations (Table 4,

Figure 4). Temperatures in the Yellowstone River were generally higher than in the

Missouri River. The Lower Yellowstone River Station had significantly higher

maximum, minimum and median temperatures than the Lower Missouri River Station in

both 1993 and 1994. The Lower Yellowstone River Station also had significantly higher

maximum, minimum, and median temperatures than the Lower Missouri River Station in

1994. In 1994, all températures at the Lower Yellowstone River Station were higher than

those at the Lower Missouri River Station, except for 3.18% of minimum temperatures.

The Upper Missouri River Station thermograph was lost in 1994.
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Figure 3. Median water temperatures measured at four stations in the Yellowstone and
Missouri rivers in Montana and North Dakota, 1992-1994. The Intake thermograph was
on the Yellowstone River 112 km above the confluence, the Yellowstone thermograph
was | km above the confluence, the Upper Missouri River thermograph was 2 km above
the confluence, and the Lower Missouri thermograph was 47 km below the confluence.
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Table 4. Results of Sign Test for temperatures at four thermograph stations in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994. V1 and V2
are the first variable and second variables listed in the Test column, respectively. Percent
V1 <'V2 is the percent of non-ties in which V1 is less than V2. UY = Upper Yellowstone
River Station; LY = Lower Yellowstone River Station; UM = Upper Missouri River
Station; LM = Lower Missouri River Station. '

Year Test Non-ties Percent P Level
(V1vs. V2) )] V1 <V2) ]
1993 LY maximum vs. UM maximum 159 38.36 0.004304
1993 LY median vs. UM median 160 33.12 0.000028
1993 LY minimum vs. UM minimum 160 35.00 0.000203
1993 LY maximum vs. LM maximum . 160 31.25 0.000003
1993 LY median vs. LM median 160 33.75 0.000055
1993 LY minimum vs. LM minimum 161 40.99 0.027334
1993 UY maximum vs. LY maximum 135 49.63 1.000000
1993 UY median vs. L'Y median 135 62.96 0.003431
1993 UY minimum vs. LY minimum 135 77.78 0.000000
1993 UM maximum vs. LM maximum 171 28.07 0.000000
1993 UM median vs. LM median 170 57.65 0.055186
1993 UM minimum vs. LM minimum . 171 68.42 0.000002
1993 UY maximum vs. LM maximum 143 36.36 0.001484
1993 UY median vs. LM median 143 58.04 0.065808
1993 UY minimum vs. LM minimum 143 96.50 0.000000
1993 UY maximum vs. UM maximum 142 38.03 0.005618
1993 UY median vs. UM median 142 42.96 0.118037
1993 UY minimum vs. UM minimum 142 78.17 0.000000
1994 LY maximum vs. LM maximum 158 0 0.000000
1994 LY median vs. LM median 157 0 0.000000.
1994 LY minimum vs. LM minimum 157 3.18 0.000000
1994 UY maximum vs. LM maximum 35 11.43 0.000011
1994 UY median vs. LM median 35 5143 1.000000
1994 . UY minimum vs. LM minimum 35 88.57 0.000011
1994 UY maximum vs. L'Y maximum 35 45.71 0.735317
1994 UY median vs. LY median 35 82.86 0.000200

1994 UY minimum vs. LY minimum 35 100.00 ~0.000000
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Figure 4. Minimum, median and maximum daily temperatures from the Lower
Yellowstone River minus minimum, median and maximum daily temperatures from the
Upper Missouri River Station, 1993. Points above zero represent temperatures that are
higher at the Lower Yellowstone River Station than at the Upper Missouri River Station,
and vice-versa.
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- Within the Yellowstone Rivef, daily maximum, minimum and median
temperature; were either signiﬁcanﬂy higher at the Lower Yellowst‘o'ne Rivef Station
than at the Upper Yellowstone River Station, or not significantly different. This same
pattern existed for the Missouri River; Lower Missouri River Station temperatures were
either significantly higher or not significantly different than Up\)per Missouri River Station

temperatures.

Discharge

Discharge regimes in the Yellowstone and Missouri rivers differed markedly
(Table 5, Figure 5). The hydrograph of the Upper Missouri River is typical of a river
regulated by a dam while the Yellowstone River’s hydrogfaph is more typical of an
T_able 5. Summary statistics for discharge data at gaging stations on the Yellowstone

River near Sidney, Montana and on the Missouri River near Culbertson, Montana for
water years 1992-1994.

Parameter ' Yellowstone River . Missouri River
_ ) 1992 - 1993 - 1994 . 1992 1993 1994

Annual mean flow 284.9 366.7 264.9 204.2 " 193.8 2289
(m’/s) . ,

Highest daily mean 1,113.0 1,404.7 945.9 260.5 458.8 416.3
flow (m3/s, date) (6/20) (7/29) (5/17) (4/20) (7/24) (4/23)
Lowest daily mean 122.1 65.1 578 90.9 91.2. 793
flow (m3/s, date) (8/20) L (1/4) (8/28) (9/26) (10/4) (11/23)
Annual runoff | 7,303 9,379 6,772 5,234 4,954 5,852

(acre-ft)
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undammed river. Annual mean flow, highest daily mean flow, and annual runoffwere all
higher in the Yellowstone River than in the Missouri River (Table 5).

Mean annual flow, annual runoff, and highest daily mean flow in the Yellowstone
River were highest in water year 1993, and lowest in water year 1994. In contrast,
Missouri River mean annual flow and annual runoff were highest in water year 1994, and

lowest in water year 1993.

Missouri River
Yellowstone River

E 1500

1000

ODFAJAODFAJAODFAJADO

1992 1993 1994
Figure 5. Discharge in the Yellowstone River at Sidney, Montana and the Missouri River
at Culbertson, Montana, water years 1992-1994.
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Substrate

Substrate availability showed the same pattern in both 1993 and 1994. Substrate
in the Lower Missouri River was predominantly sand. In the Yellowstone River, the
lower reaches of the study area were predominantly sand and the upper reaches were
predominantly gravel and cobble. The transition occurred about 50 km above the
confluence. Boulder and bedrock were rare throughout the study area (Figure 6).
Observations of substrate use were made on 23 pallid sturgeon (N = 181) and 21
shovelnose sturgeon (N = 169). The number of observations per individual ranged from
1 to 36 for pallid\ sturgeon and 1 to 27 for shovelnose sturgeon (Tables 6 and 7). Pallid
sturgeon were-found most often (92.8%) over fines and sand (Table 6). Gravel and
cobble were used less (4.4%), and use of boulder and bedrock substrates was rare (2.7%).
In contrast, shovelnose sturgeon were found most often (69.2%) over gravel and cobble
(Table 7). Fines and sand were used less (26.6%), and use of boulder and bedrock

\

substrates was rare for shovelnose sturgeon (3.1%).
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— Fines/sand
— Gravel/cobble
— Boulder/bedrock

2545/0

Missouri River Kilometer Yellowstone River Kilometer
Figure 6. Estimate of distribution of substrate types in the Yellowstone and Missouri
rivers in Montana and North Dakota, 1993-1994 by river kilometer from /V= 1273
random points. River kilometer 0 is the confluence of the Yellowstone and Missouri
rivers, river kilometers 0 to 150 are in the Yellowstone River, river kilometers 2445 to
2545 are in the Lower Missouri River.

The null hypothesis that substrate use by pallid and shovelnose sturgeon was the
same was rejected for three random samples of substrate use (Pearson’s  test: P =
0.00012; P = 0.00003; P = 0.00017; Table 8). Pallid sturgeon use of fines and sand was
significantly greater than shovelnose sturgeon use, while shovelnose sturgeon use of

gravel and cobble was significantly greater than pallid sturgeon use. Use of boulder and

bedrock substrate was not significantly different for the two species.
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Table 6. Summary of observations of substrate use by telemetered pallid sturgeon in the
Yellowstone and Missouri rivers, Montana and North Dakota, 1992-1994.

Transmitter Gravel and Boulder and
frequency Fines and sand . cobble ~ bedrock .

) N % N % N % Total N
49.680 36 100.0 0. 0.0 0 0.0 " 36
49.100 26 100.0 0 0.0 0 0.0 26
49.650 16  100.0 0 0.0 0 0.0 " 16
49.630 9 75.0 3 25.0 0 0.0 12
49.050 9 90.0 1 10.0 0 0.0 10
49.712 9 100.0 0 0.0 0 0.0 9
49.850 5 55.6 3 33.3 1 11.1 9
49.030 7 100.0 0 0.0 0 0.0 7
49.810 6 85.7 1 14.3 0 0.0 7
49.370 6 100.0 0 0.0 0 0.0 6
49.130 5 100.0 0 0.0 0 0.0 5
49.350 5 100.0 0 0.0 0 0.0 5.
49.830 5 100.0 0 0.0 0 0.0 5
48.540 4 100.0 0 0.0 0 0.0 4
49.070 4 100.0 0 0.0 0 0.0 4
48.580 3 75.0 0 0.0 1 25.0 4
49.240 2 50.0 0 0.0 2 50.0 4
49.020 3 100.0 0 0.0 0 0.0 3
49.670 3 100.0 0 0.0 0 0.0 3
48.520 2 100.0 0 0.0 0 0.0 2
49.170 2 100.0 0 00 0 0.0 2
49.870 1 100.0 0 0.0 0 0.0 1
48.570 0 0.0 0 0.0 1 0.0 1
Totals 168 92.8 8 44 5 2.8 181

The hypothesis that pallid sturgeon used substrate classes in proportion to their
availability was rejected (x>, P < 0.05) for the grouped sample (Table 9). Pallid sturgeon
preferred fines and sand, avoided gravel and cobble, and used boulder and bedrock in
proportion to their availability. Also, all three random samples for pallid sturgeon
. yielded the same results as the grouped sample. Because these results agree, it is
reasonable to assume that all radio-tagged pallid sturgeon had similar substrate

preferences.
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Table 7. Summary of observations of substrate use by telemetered shovelnose sturgeon -
in the Yellowstone and Missouri rivers, Montana and North Dakota, 1992-1994.

Transmitter Gravel and Boulder and
frequency Fines and sand cobble bedrock
» N % N % N % Total N

48.940 15 55.6 9 33.3 1 11.1 25
48.900 1 5.6 17 94.4 0 0.0 18
48.860 3 17.6 13 76.5 1 5.9 17
48.640 0 0.0 13 100.0 0 0.0 - 13
48.880 1 8.3 10 83.3 1 8.3 12
48.840 0 0.0 9 100.0 -0 0.0 -9
48.920 0 0.0 9 100.0 0 0.0 9
48.660 2 222 7 77.8 .0 0.0 9
48.620 3 37.5 5 62.5 0 0.0 8
48.680 1 16.7 5 .83.3 0 0.0 6
48.300 2 333 4 66.7 0 0.0 6
48.590 2 40.0 3 60.0 0 0.0 5
48.820 -2 40.0 3 60.0 0 0.0 5
48.380 2 40.0 2 40.0 1 20.0 5
48.340 3 60.0 1 200 1 20.0 5
48.550 1 25.0 3 75.0 0 0.0 4
48.280 2 50.0 2 50.0 0 0.0 4
48.360 0 0.0 ° 2 -100.0 0 0.0 2
49.790 2 50.0- 0 50.0 0 0.0 2
48.320 ° 2 100.0 0 0.0 0 0.0 2
49.710 1 100.0 0 0.0 0 0.0 1
Totals 45 26.6 117 69.2 5 3.0 169

" In 1993 and .1 994 T added sand dunes as é substrate category. The xz test with thls
additional category indicate that pallid sturgeon prefer sand dunes and avoid gravel and
cobble (P < 0.05; Table 9; Figure 7). Sand and fines and bqulder and bedrock were .used
in proportion to their availability.

The hypothesis that all observations of substrate use for shovelnoée sturgeon wetre
in proportion to their availability was also rej ec‘ted (P <0.005; Table‘9). In contrast to . -
pallid sturgeon, shovelnose sturgeon avoided sand, _p.referred gravel and cobble, and used

boulder and bedrock in proportion to their availability.' However, individual shovelnose




68

sturgeon were more variable in their substrate use. In contrast to the grouped X2 test, the
xz tests for the three random sub-samples were not significant (Table 8). This indicates
that individual shovelnose sturgeon substrate preferences are variable. Therefore,
because the assumption that all telemetered shovelnose sturgeon had the same substrate
preferences was not supported, the results of the overall test are not valid.

Table 8. Three random samples of one observation of substrate use per individual fish for
telemetered pallid (N = 23) and shovelnose (N = 21) sturgeon in the Yellowstone and
Missouri rivers in Montana and North Dakota, 1992-1994. An asterisk indicate substrate
use that is significantly different for the two species (P < 0.05, Pearson’s X2 test). Letters

in parentheses indicate results of Marcum-Loftsgaarden Xz analysis. P = preference, A =
avoidance, and NS = substrate was not significantly preferred or avoided.

Pallid sturgeon Shovelnose sturgeon
Substrate :
class Sample 1 Sample 2 Sample 3 Sample 1 Sample 2 Sample 3
Fines and 20%(P) 21*%(P) 20*%(P) 8*(NS) 8*(NS) 8*(NS)
sand
Gravel and 0*(A) 0*(4A) 1*(A) 12%(NS)  13*(NS) 13*(NS)
cobble
Boulder and 3(NS) 2(NS) 2(NS) L(NS) O(NS) O(NS)
bedrock

Totals 23 23 23 21 21 21
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Table 9. Substrate use versus availability for telemetered pallid and shovelnose sturgeon
as determined by Marcum-Loftsgaarden (1980) analysis in the Yellowstone and
Missouri rivers, Montana and North Dakota, 1993-1994.

Substrate class

Test Result Sand Sand dunes Gravel-cobble Boulder and bedrock
all pallids 1992-1994 reject Hoa preferred not tested avoided nsb
all pallids, 1993-1994 reject Ho nsbh preferred avoided nsb
all shovelnose 1992-1994 reject Ho avoid not tested preferred nsb
all shovelnose, 1993-1994 reject Ho nsbh nsb not significant nsb

Reject null hypothesis that use of substrate classes occurred in proportion to their availability.
b Not significant (P < 0.05)

| I Percent available
1988846 Percent used

Substrate Class
Figure 7. Substrate use and availability for telemetered pallid sturgeon in the
Yellowstone and Missouri rivers, Montana and North Dakota, 1993-1994. P indicates
that the substrate class was significantly preferred, A indicates that the substrate class was
significantly avoided, and NS indicates that use of the substrate class was not
significantly different from its availability as determined by Marcum-Loftsgaarden chi-
square analysis {P <0.05, see methods). Abbreviations for substrate classes are: F/S =
fines and sand; SD = sand dunes; G/C = gravel and cobble; B/B = boulder and bedrock.



70

Depth

Independent observations of depths used were made on 24 pallid sturgeon (N = 164;

Table 10) and 24 shovelnose sturgeon (V= 147; Table 11). The number of observations

per individual ranged from 1 to 29 for pallid sturgeon and 1 to 23 for shovelnose

sturgeon. Median depths, relative depths, and maximum depths at locations of moving

Table 10. Summary of observations of depths used by telemetered pallid sturgeon in the

Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994.

5
Location Minimum Maximum obsNZr- N fish - Mean SD olf\s]er-
(m) (m) vations (m) (m) vations
Depth ]
Yellowstone 0.6 7.0 124 21 293 1.46 83
Upper Missouri 2.0 14.5 12 2 7.74 4.34 10
Lower Missouri 08 8.2 174 16 3.11 | 1.47 71
Overall 0.6 14.5 310 24 3.30 2.08 164
oo Maximum depth ] ]
Yellowstone 12 7.8 : 112 20 4.18 1.27 73
Upper Missouri 2.1 5.5 4 1 3.8 2.4 2
Lower Missouri 22 82 164 17 4.74 1.35 62
Overall 1.2 8.2 280 22 443 1.34 137
Relative depth (depth/maximum depth) )
Yellowstone 0.22 1.0 112 20 0.71 0.22 73
Upper Missouri 0.50 0.93 4 1 0.72 0.30 2
Lower Missouri 0.13 1.0 - lel 16 0.68 0.22 59
Overall 0.13 1.0 277 22 0.70 022 134

* = All observations are used for reporting ranges.
b= Only “independent” observations are used for reporting means and standard deviations.
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and non-moving pallid sturgeon and shovelnose sturgeon were not significantly different

(P 2 0.05) so observations from moving and non-moving fish were combined for further

analysis.

Table 11. Summary of observations of depths used by telemetered shovelnose sturgéon
in the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994.

-
Location Minimum Maximum obsN;r- N fish Mean 'SD oljZer—
(m) (m) vations (m) (m) vations
__ Depth .
Yellowstone 0.9 8.8 215 19 22 1.00 129
Upper Missouri 4.3 10.1 7 2 7.6 3.61 2
Lower Missouri 1.2 5.8 23 6 24 1.35 16
Overall 0.9 10.1 245 24 2.3 1.24 147
Maximum depth o )
Yellowstone 1.4 8.8 175 19 3.0 1.19 112
Upper Missouri -- -- 0 0 - -- -
Lower Missouri 23 7.0 12 2 4.7 1.79 i
Overall 14 8.8 187 20 3.1 1.26 117
Relative depth (depth/maximum depth) B
Yellowstone 0.33 1.0 175 19 -0.78 0.18 112
Upper Missouri -- - 0 0 - - --
Lower Missouri 0.71 0.93 12 2 0.83 0.09 5
Overall 0.33 1.0 187 ‘ 20 078 0.18 117

* = All observations are used for reporting ranges.
b= Only “independent” observations are used for reporting means and standard deviations.
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Depths at pallid and shovelnose sturgeon locations were similar, but pallids used
greater depths more often (Figure 8). Pallid sturgeon were found in depths ranging from
0.6 to 7.0 m (N= 124) in the Yellowstone River, 2.0 to 145 m (N= 12) in the Upper
Missouri River, and 0.8 to 8.2 m (Af= 174) in the Lower Missouri River. Shovelnose
sturgeon were found in depths ranging from 0.9 to 8.8 m (Af = 215) in the Yellowstone
River, 4.3 to 10.1 m(N=7) in the Upper Missouri River, and 1.2 to 5.8 m (N= 23) in the

Lower Missouri River.
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Figure 8. Depths at telemetered pallid (Af= 164) and shovelnose sturgeon (Af= 147)
locations in the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994. Small box is median, large box is 25% and 75% percentiles, and whiskers are
minimum and maximum values.

The overall mean depth for pallid sturgeon was 3.30 m (Af= 164, SD = 2.08),

compared to an overall mean depth of 2.29 m (T\=147, SD = 1.24) for shovelnose
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sturgeon. These means iﬂclude seven observations for pallid sturgeon and two
observations for shovelnose sturgeon in the Missouri River just below Fort Peck
Reservoir where depths are greéter than elsewhere in the study area. The greatest depth
measured outside of this area was 8.8 m, in the Yéllowstone River in an area scouréd by a
wing deflector. Excluding the observations from tﬁe Fort Peck tailrace, the overall mean
depth for pallid sturgeon was 2.98 m (N =158, SD = 1.47), and the overall mean depth for
shovelnose sturgeon was 2.21 m (N =145, SD = 1.04). The overall median of depths used
by pallid and shovelnose sturgeon were significantly d?fferent (Mann-Whitney U test; P =
0.0000001). |

Overall mean maximum depth at pallid sturgeon locations was 4.4 m and 3.1 m at
shovelnoée sturgGO'n locations (Figure 9). Overall means of maximum depths at pallid
and shovelnose sturgeon locations were significantly different (t-test; P < 0.000001;
following Levene’s test for equal variance; P = 0.241). Mean relative depths were greater
at shovelnose sturgeon locations than at pallid sturgeon locations (Figure 10). The
overall mean relative depth for pallid sturgeon was 0.70 and was 0.78 for shovelnose
sturgeon. These means were significantly different (Mann-Whitney U test; P = 0.0054).
Depth and relative depth data were not normally distributed (Kolmo gorov-Smirnov test;

depth P < 0.01; relative depth P < 0.05), while the maximum depth data were normally

distributed (P > 0.05).
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The ANOVA based on model (1) gave the following results for depths (Table 12):
1) mean depths used by pallid sturgeon and shovelnose sturgeon were significantly
different (P = 0.0170); 2) mean depths used by pallid and shovelnose sturgeon in the
Yellowstone River were not significantly different from those in the Lower Missouri
River {P =0.5855); 3) the difference in mean depths between shovelnose and pallid
sturgeon were not significantly different between the Lower Missouri River and the
Yellowstone River (i.e. no interaction between species and rivers; P =0.3753); 4) the
variance among mean depths of individual fish of each species is significantly different

than zero {P = 0.0355), after considering variation due to location in either the lower

Missouri or Yellowstone river.
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Figure 9. Maximum depths at telemetered pallid (TV= 137) and shovelnose sturgeon (TV=
117) locations in the Yellowstone and Missouri rivers in Montana and North Dakota,
1992-1994. Small box is median, large box is 25% and 75% percentiles, and whiskers

are minimum and maximum values.
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Figure 10. Relative depths at telemetered pallid (N= 134) and shovelnose sturgeon (N =
117) locations in the Yellowstone and Missouri rivers in Montana and North Dakota,
1992-1994. Small box is median, large box is 25% and 75% percentiles, and whiskers
are minimum and maximum values.

The ANOVA based on model (I) gave the following results for depths (Table 12):
I) mean depths used by pallid sturgeon and shovelnose sturgeon were significantly
different (P =0.0170); 2) mean depths used by pallid and shovelnose sturgeon in the
Yellowstone River were not significantly different from those in the Lower Missouri
River (P =0.5855); 3) the difference in mean depths between shovelnose and pallid
sturgeon were not significantly different between the Lower Missouri River and the

Yellowstone River (i.e. no interaction between species and rivers; P =0.3753); 4) the

variance among mean depths of individual fish of each species is significantly different
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than zero (P = 0.0355), after considering variation due to location in either the lower
Missouri or Yellowstone river.
Table 12. Results of ANOVA Model (1) and tests of overall means of depth, maximum

depths, and relative depths for telemetered pallid sturgeon and shovelnose sturgeon in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994.

Degrees of
Variable Source of Variation P Freedom
Depth Overall 0.000001* 4
- Species , 0.0170 181.55
River 0.5855 183.22
River x Species 0.3753 184.55
Individual(River x Species) 0.0355 - 237
Maximum Depth Overall <0.000000° 250
Species 0.0213 147.56
River 0.0479 . 149.50
River x Species 0.9423 151.24
Individual(River x Species) 0.0036 194
Relative Depth Overall } 0.0054" b
Species 0.0966 179.43
River 0.9860 181.57
River x Species 0.7512 183.45
Individual(River x Species) 0.1844 ] 192

* Mann-Whitney U test.
b Degrees of freedom not defined for Mann-Whitney U test.

° t-test.

ANOVA results for maximum depths were as follows (Table 12): 1) mean
maximum depths at pallid sturgeon and shovelnose sturgeon locations were significantly
different (P = 0.0213); 2) mean maximum depths at pallid and shovelnose sturgeon
locations in the Yellowstone River were significantly different than in the Lower
Missouri River (P = 0.0479); 3) the difference in mean maximum depths for shovelnose

and pallid sturgeon were not significantly different between the Missouri River and the
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Yellowstone River (i.e. no interaction between. 'species' and rivers; P = 0.9423); and.4) the
variance among mean maximum depths of individual fish of each species is significaitly
differen‘F than zero (P = 0.003 6), after .considering variation due' to location in either the_
lower Missouri or Yellowstone river.

Results pert.aining. to relative depths from the ANOVA based on model (1) were
' as follows (Table 12): 1) mean relative depths at pallid sturgeon and shovelnose sturgeon
locations were nearly significantly different (P = 0.0966); 2) mean relative.delloths at
pallid and shévelnose sturgeon locations in the Yellowstone River were not significantly
different from. those in the Lower Missouri River (P = 0.9860); 3) the difference in mean
depths for shovelnose and pallid sturgeon were not significantly différe'nt betwéen the
Missouri River and the Yellowstone River (i.e. no interaction betlween species and rivers;
P =0.7512); and 4) the variance among mean depths of individual fish of each species is
significantly different from zero (P = 0.1844), after considering w}ariation due to location
in ei‘Fher the lower Missouri or Yellowstone river. \

The Wilks-Shapiro test rejected the hypothesis‘that the residuals were normal P=
0.0001). The béxplo{ indicated two outliers among the’residuals. However,-hypothe'sié
testing results were robust to outliers since decisions of hypothesis tests made at the o =
0.05 level were the same with and without the two outliers in the data set.

The siopé of the relationship of predicted depth xelativg to h(?urs fOHOWing sunrise

| for pallid sturgeon was positive (slope = 0.77, Figure 11) but was not significantly
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Figure 11. Predicted depths and 95% confidence intervals for telemetered pallid and
shovelnose sturgeon, versus hours after sunrise.

different than Oslope (P = 0.1268). The slope of the relationship of predicted depth
relative to hours following sunrise for shovelnose sturgeon was only slightly positive
(slope = 0.009), and also not significantly different than zero slope (P =0.7817).
Therefore, although not statistically significant, the data suggest that pallid sturgeon
showed a greater increase in their predicted depth during the hours following sunrise than

did shovelnose sturgeon.



79

Current velocity

Independent observations of bottom velocities used by 24 pallid sturgeon (N =
173; Table 1'3) and 24 shovelnose sturgeon (N = 119; Table 14) were made. The number
of observations per individual ranged from 1 to 36 for pallid sturgeon and 1 to 21 for
shovelnose sturgeon.

Pallid sturgeon were found using bottom velocities ranging from 0.13 to 1.32 m/s
(N =159) in the Yellowstone River, 0.0 to 0.70 (N = 12) in the Upper Missouri River,
and 0 to 1.37 m/s (N = 244) in the Lower Missouri River (Table 13). Shovelnose
sturgeon used bottom velocities ranging from 0.03 to 1.51 m/s (N = 172) in the |
Yellowstone River, 0.02 to 0.20 m/s (N = 2) in the \Upper Missouri River, and Q.40 to
0.82 m/s (N = 23) in the Lower Missouri River (Table 14).

Current velocities at pallid and shovelnose sturgeon locations overlapped (Figures
12 and 13). The overall mean bottom velocity for pallid sturgeon was 0.65 m/s (N =173,
SD = 0.28, Table 13), and for shovelnose sturgeon was 0.78 m/s (N =119, SD = 0.33,
Table 14). These means include seven observations for pallid sturgeon and two
observations for shovelnose sturgeon in the dredge cuts below Foit Peck Reservoir where
areas of low and zero velocity are found. Excluding these observations, the overall mean
bottom velocity for pallid sturgeon was 0.68 m/s (N =166, SD = 0.26) and for shovelnosé

sturgeon was 0.79 m/s (N =117, SD = 0.32).
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Table 13. Summary of observations of current velocities used by telemetered pallid
sturgeon in the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994.

N ' N

Location Minimum Maximum obser- N fish Mean SD obser-

(m/s) (m/s) vations (m/s) (m/s) vations

: _ Surface ]

Yellowstone 0.27 1.82 156 21 1.06 0.33 86
Upper Missouri 0.00 0.91 12 2 020  0.33 10
Lower Missouri 0.49 1.58 223 12 0.99 0.34 54
Overall 0.00 1.55 391 22 0.98 0.39 150

Mean Column

Yellowstone 0.14 1.55 156 21 090 028 86
Upper Missouri 0.00 0.82 12 2 0.17 0.29 10
Lower Missouri 0.18 1.40 223 12 0.82 0.24 54
Overall 0.00 1.55 391 22 0.82 0.32 150
. Bottom ] o
Yellowstone 0.13 1.32 159 - 21 0.72 0.26 88
Upper Missouri 0.00 0.70 12 2 0.13 0.23 10
Lower Missouri 0.00 1.37 244 17 0.63 0.21 - 115

Overall 0.00 1.37 415 24 065 028 173

* = All observations are used for reporting ranges.
b= Only “independent” observations are used for reporting means and standard deviations.

Overall means of surfacg:, mean column, and bottom velocities used by pallid and
shovelnose sturgeon were significantly different (surface P = 0.000180; mean column P =
0.000197; bottom P = 0.000613; t-test with separate estimates of variance). Surface,
column and bottom velocity data were normally distributed (Kolmogorov-Smirnov test;

surface velocity P > 0.20; mean column velocity P > 0.20; bottom velocity P > 0.05).
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Table 14. Summary of observations of current velocities used by telemetered shovelnose
sturgeon in the Yellowstone and Missouri rivers in Montana and North Dakota, 1992~
1994.

N ] N

Location Minimum - Maximum obser- N fish Mean SD obser-

(m/s) (m/s) . wvations (m/s) (m/s) vations
) Surface ]
Yellowstone 0.04 2.16 166 18 1.20 0.46 95
Upper Missouri -- -- 0 -- -- 0
1 0.88 0.11 4

Lower Missouri 0.78 0.99 11

Overall 0.04 2.16 177 18 1.19 0.45 99

Mean Column

Yellowstone 0.03 181 166 18 102 039 95
Upper Missouri - -- 0 0 -- -- 0
Lower Missouri 0.23 0.88 11 1 0.66 0.29 4
Overall 0.03 1.81 177 18 \1.00 ©0.40 99
Bottom .
Yellowstone 0.03 1.51 172 19 0.82 0.33 101
Upper Missouri 0.02 0.20 2 2 0.11 0.13 2
Lower Missouri 0.40 0.82 23 6 - 0.61 0.11 16
Overall 0.02 1.51 197 24 0.78 0.33 119

"= All observations are used for reporting ranges.
® = Only “independent” observations are used for reporting means and standard deviations.




60

Pallid Sturgeon Shovelnose Sturgeon
Bottom Current Velocity (m/s)

Figure 12. Bottom current velocities at telemetered pallid and shovelnose sturgeon
locations, Yellowstone and Missouri rivers, Montana and North Dakota, 1992 - 1994,

Column Current Velocity (m/s)

Figure 13. Column current velocities at telemetered pallid and shovelnose sturgeon
locations, Yellowstone and Missouri rivers, Montana and North Dakota, 1992 - 1994.
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Based on the ANOVA (model 2, Table 15): 1) mean bottom velocities used by
pallid sturgeon and shovelnose sturgeon were not significantly different (P = 0.1414); 2)
mean bottom velocities used by pallid and shovelnose sturgeon in the Missouri River and
the Yellowstone River were significantly different (P = 0.0079); 3) the difference in mean
 bottom velocities between shovelnose and pallid sturgeon was not §igniﬁcantly different
between the Missouri River and the Yellowstone River (i.e. no interactibn between
species and rivers; P = 0.1432); and 4) variance among mean bottom velocities used by
individual fish of each species is not significantly different than zero (P = 0.7782), after
considering variation due to location in either the lower Missouri or Yellowstone river.
ANCVA results for surface and mean column velocities were similar (Table 15).
Table 15. Results of ANOVA Model (2) and tests of overall means of surface, mean

column, and bottom current velocities for telemetered pallid and shovelnose sturgeon in
the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994.

Degrees of
Variable Source of variation P freedom
Surface velocity Overall 0.0038" 170.50
Species 0.5309 63.33
River 0.1345 66.59
River x Species 0.3159 61.14
Individual(River x Species) 0.0251 187
Mean column velocity Overall 0.0038* 159.67
Species 0.5060 67.38
River 0.0308 71.52
River x Species 0.1314 64.59
Individual(River x Species) 0.1783 187
Bottom velocity Overall 0.0026" 208.04
" Species 0.1414 228.29
River 0.0079 229.58
River x Species : 0.1432 230.37
Individual(River x Species) 0.7782 217

® t-test with separate variance estimates.
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The residuals were normal (Wilks-Shapiro test; P = 0.09) and the boxplot
indicated no outliers among the residuals. The plots of residua1§ versus the variables
discharge, month and year, water temperature, aaylight, darkness, dawn, and dusk
categorical variables, substrate type, river kilométer (location), and Secchi disk reading -

showed no pattern and so were not included in ANOVA model (2).

Channel Width

Channel widths at pallid sturgeon locations ranged from 110 to 1100 m with a
mean of 324 m and a median 0f 300 m (V= 144). Channel widths at shovelnose sturgeon
locations ranged from 25 to 800 m with a mean of 208 m and a median of 160 m®;=
161)'. Channel widths at pallid and shovelnose sturgeon locations were not normally
distﬁbuted (P <0.01; Komolgorov-Smirnov Test). Median channel width at pgllid
- sturgeon locations was significantly greater than at shovelnose sturgeon locations (P <

0.000001; Mann-Whitney U).

General Distribution

General distribution of pallid s'turgeon included portions of the Yellowstone River
and Upper and Lower Missouri rivers (Figure 14). All observations of telemetered >pa11i‘d
sturgeon occurred in riverine portions of the study area, except for one pallid sturgeon

that was captured and subsequently relocated adjacent to the dredge cuts below Fort Peck
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dam. Although pallid sturgeon were relocated in ar;:as that would be inundated by Lake
Sakakawea at full pool, no pallid sturgeon were relocated in non-riverine areas of Lake
_Sakaka\;vea.

In spring, pallid suﬁgeon ranged from river km 2476 in the Missouri River to
river km 114 in the Yellowstone River, just below the Intake diversion dam (Figure 14).
However, most locations (75%) were in the lower 28 km of the Yellowstone River or the
28 km of the Lower Missouri River below the confluence (15%). The area of highest use
was the Yellowstone RiVer from the confluence to river kilometer 12, where 60% of
observations occurred. The 2 km reach with the most locations was river km 6 - 8 on the
Yellowstone River, where 20% of observations occurred. Only the one pallid sturgeon
that was captured below Fort Peck dam was relocated in the Upper Missouri River.

The distribution of summer observations of pallid sturgeon was similar to that of
spring, but more observations (39%) occurred in the Lower Missouri River. However,
25% of these observations were from a single individual (frequency 49.110). Asin
spring, the 2 km reach with the most locations was river km 6 - 8 on the Yellowstone
River, where 13% of observations occurred. Pallid sturgeon ranged from river km 2468
in the Lower Missouri River to river km 110 in the Yellowstone River. Only four
summer observations of pallid sturgeon were made in the Upper Missouri River. Except
for the one pallid sturgeon that was captured below Fort Peck dam, the uppermost
location oﬁ the Upper Missouri River was at river km 2764, 219 km above the

confluence.
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Fall distribution of pallid sturgeon was different than spring and summer. Most
(96%) fall observations were in the Lower Missouri River. Only three observations were
in the Yellowstone River, where they ranged to 6 km above the confluence. Excluding
the one pallid sturgeon that was captured below Fort Peck dam, just one observation was
made in the Upper Missouri Rive;*, at river kilometer 2676, 131 km ébove the confluence.

Winter distribution of pallid sturgeon was similar to fall. All winter observations -
of pallid sturgeon were in the Lower Missouri River. Pallid sturgeon were found from
the confluence area to about 50 km below the confluence. The 2 km reach with the most
observations was river km 2523 - 2525, which is about 20 km below the confluence.

General distribution of shovelnose sturgeon included portions of the Yellowstone
River and Upper and Lower Missouri rivers (Figure 15). As with pallid sturgeon, all
observations of telemetered shovelnose sturgeon occurred in riverine portions of the
study area, except for two individual shovelnose sturgeon that were captured and
subsequently relocated adjacent to the dredge cuts below Fort Peck dam. No shovelnose

sturgeon were located in Lake Sakakawea.
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Figure 14. Locations of pallid sturgeon by river kilometer in the Yellowstone and Lower
Missouri rivers in Montana and North Dakota, 1992-1994. Black bars are capture
locations, gray bars are telemetry relocations.
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Figure 15. Locations of shovelnose sturgeon by river kilometer in the Yellowstone and
Lower Missouri rivers in Montana and North Dakota, 1992-1994. Black bars are capture
locations, gray bars are telemetry relocations.
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1

In spring, shovelnose sﬁlrgeon -ranged from river km 2,531 in the Missouri River
to river km 114 in the Yellowstone River (Figure 15)." Overall, 99% of observations were
in the Yellowstone Riv'er. Most locations were in two general areas, located at ri\‘Ier kim0
- 28 (27%) and river kilometer 106 - 114 (51%). The 2 km reach with the mbst locations
(17%) was river km 114 - 116 on the Yéllowstone River which includes the érea just

- below the Intake.diversion dam. One cﬁaser’vaﬁon was from the Uppgr Missouri Riyer ati
river km 2562, 17 km above the confluence. | |

As with pallid sturgeon, the distribution of summer observations of shovelnose
sturgeon was similar to that of spring. Most (94%) observatioﬁs were in the Yellowstope
River. The 2 km reach with the most locations (9%)was river km 110 - 112 on thé
Yellowstone River. Two shovelnose sturgeon were relocated upstream of Intake
diversion dam. Shovelnose sturgeon ranged from river km 2748 in the Lower Missouri
River to river km 122 in the Yellowstone Riyer. One observation was from the Upper
Missouri River at river kilometer 2748, 203 km above the confluence. -

In.contrast to pallid sturgeon, the general distribution of shovelnose sturgeon in
fall and winter was not markedly different from their distribution in spring and summer.
Telemetered_shovelnose sturgeon ranged from river km 2542 in the Lower Miséouri
River to river km 113 in the Yellowstone River. The 2 km reach with the most lo_cafions
(14%) was river km 2541 - 2543 oh the Lower Missouri River, about 4 km below the

confluence. Excluding one shovelnose sturgeon that was captured below Fort Peck dam,
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just one observation was from the Upper Missouri River at river kilometer 2747, 202 km
above the confluence.:

Winter distribution of shovelnose sturgeon ranged from river km 2545 on the
Missouri River to river km IOé on the Yellowstone River. The 2 kin reach with the
largest number of locations (14%) was river km 2541 - 2543 on the Lower Missouri
River, about 4 km 5610\'N the confluence. One observation was from the Upper Missouri I

River at river kilometer 2747, 202 km above the confluence.

In ;general, pallid sturgeon locations in all seasons were less dispersed than were
seasonal locations of shovelnose sturgeon (Figures 14 and 15). Pallid sturgeon used
fairly discrete areas of the river during each season While shovelnose sturgeon were
generailly located in the entire 113 km length of the Yellowstone River below Intake

- diversion dam in each season.

Aggregations

Twenty nine aggregations (defined as groups of 3 or more telemetered sturgeon in
a 1 km reach on the same day) of pallid sturgeon, and 20 aggregations of shovelnose
sturgeon were identified (Tables 16 and 17; Figure 16). Most (90%) pallid sturgeon
aggregations were in the lower 13 km of the Yellowstoné River in spring or summer, 3
fall/winter aggregations were in the Lower Missouri River. All shovelnose sturgeon

aggregations were in the Yellowstone River, and most of these (65%) were in the
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Yellowstone River from river km 111.0 to river km 114.2. Two aggregations of
shovelnose sturgeon were observed in fall in the Lower Missouri River.

Aggregﬁtions in spring and early summer may indicate potential pallid sturgeon
spawning areas. A telemetered pallid sturgeon (frequency 49.030), snagged by a
paddlefish angler on the night of 29 May 1993 at river km 14.2 on the Yellowstone River,
was a gravid female with ripe eggs. A non-telemetered male pallid sturgeon with running
milt was also snagged that night at that same location (Steve Krentz, US Fish and
Wildlife Service, Pers. Cémm.). Additional indications of potential spawning areas for
pallid sturgeon were obtained by plotting locations of frequency 49.030 and aggregations
of pallid sturgeon during April-August 1993 (Figure 17). These locations indicate that
potential pallid sturgeon spawning areas were in the Yellowstone River fr.om about river

km 6 to river km 14.
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Table 16. Aggregations of pallid sturgeon in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. Aggregations are defined as river reaches <1 km
with > 3 telemetered pallid sturgeon present on the same day. River kilometer is location
of center of reach; river kilometers 0-11 are on the Yellowstone River; river kilometers
2524-2545 are on the Lower Missouri River.

Number of fish in
Date River kilometer Length of reach aggregation
10/19/92 2531.0 0.1 3
4/23/93 29 0.6 3
5/12/93 0.5 0.1 3
5/23/93 . 5.7 0.9 5
5/25/93 ' 54 0.5 3
5/25/93 93 0.1 3
5/27/93 8.8 0.1 3
5/29/93 9.7 0.1 3
5/31/93 6.8 0.6 3 1
6/3/93 1.7 0.6 3 :
6/4/93 4.8 0.1 3
6/4/93 7.0 0.1 3
6/5/93 3.5 0.1 3
6/5/93 7.7 0.1 4
6/5/93 12.1 ' 0.8 3
6/8/93 7.0 0.1 5 {
6/17/93 10.3 0.7 4 1
6/21/93 10.6 0.7 3 {
6/23/93 11.0 0.1 3
7/15/93 82 - 0.9 4
9/28/93 2531.0 0.1 4
11/12/93 2525.4 0.1 3
2/12/94 2524.8 0.1 4
5/18/94 74 ' 0.3 3
5/18/94 9.1 1.0 3
5/19/94 4.4 0.1 3
5/24/94 10.3 , 0.1 4
6/12/94 7.1 0.1 4
6/14/94 3.8 0.1 4
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Table 17. Aggregations of shovelnose sturgeon in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. Aggregations are defined as river reaches <1 km
with > 3 telemetered pallid sturgeon present on the same day. River kilometer is location

of center of reach; river kilometers 0-114 are on the Yellowstone River; river kilometers

2542-2545 are on the Lower Missouri River.

Number of fish in
Date ) “River kilometer ' Length of reach aggregation
6/2/92 - 1142 0.1 3
6/5/92 114.3 0.1 3
6/8/92 114.2 0.2 3
6/9/92 113.7 1.0 5
6/10/92 111.6 0.2 5
6/10/92 114.0 0.5 3
6/11/92 111.7 0.1 3
6/12/92 1114 0.6 3
6/15/92 ‘ 112.9 0.9 3
6/15/92 114.0 0.1 3
6/16/92 113.6 - 0.9 3
6/26/92 111.7 0.7 6
7/7/92 - 111.5 0.3 3
9/28/92 2543.9 0.6 3
10/7/92 2542.6 0.8 4
8/11/93 , 78.6 0.1 4
5/20/94 24.9 0.1 3
6/12/94 25.4 0.5 6
6/23/94 25.6 0.1 3
7/7/94 . 474 0.5 3
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Figure 16. Aggregations of telemetered pallid sturgeon (open circles) and shovelnose
sturgeon (open squares) in the Yellowstone and Missouri rivers in Montana and North
Dakota, 1992-1994. Aggregations were defined as groups of three or more individuals in
a reach of river one km long.
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Date
Figure 17. Aggregations of telemetered pallid sturgeon (open circles) and locations of a
gravid female pallid sturgeon (radio frequency 49.030; solid circles) during April-July

1993, illustrating potential pallid sturgeon spawning locations. Aggregations were
defined as groups of three or more individuals in a reach of river one km long.

Home Range

Home range was measured for 24 pallid sturgeon and 26 shovelnose sturgeon
(Tables 18 and 19). The home range for pallid sturgeon was from 12.4 to 331.2 km. The
home range for shovelnose sturgeon was from 0 to 254.1 km. Days at large ranged from

27.2 to 1334 for pallid sturgeon and 14.1 to 594 for shovelnose sturgeon.
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Home range of pallid and shovelnose sturgeon was different between seasons
(Table 20; Figures 18 and 19). Mean, medijan, and maximum home ranges were highest
in spring or summer, and lowest in winter for both pallid and shovelnose sturgeon. The
hypothesis that median horﬁe ranges were equal for each season was rejected for both
pallid (P = 0.0004) al;ld shovelnose (P = 0.0005) sturgeon (Kruskal-Wallis ANOVA).
Table 18. Days at large, number of locations and home range for telemetered pallid

sturgeon in the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994,

Transmitter
frequency . Days at large * N locations Home range (km)
48.520 ° 175.00 9 12.4
48.540 151.00 13 ' 17.2
49.830" 166.00 10 354
49.170 274.18 30 354
49.030 427.14 38 36.6
49.650 358.00 46 412
49.050 295.13 46 42.1
49.670 73.10 26 433
48.580 101.14 32 43.7
49.350 191.00 24 452
49.370 405.00 38 50.6
49.680 ' 801.00 247 51.5
49.810 296.10 28 ' 52.7
49.020 289.12 18 61.2
49.070 236.14 11 68.0
49.870 215.00 10 71.6
49.130 337.15 43 79.8
49.712 351.14 30 84.0
49.100 700.00 272 - 94.7
48.562 30.00 6 : 111.0
49.630° 631.12 56 134.8
48.570 27.17 8 149.4
49.850 419.00 32 231.8
49.240" 1334.00 13 3312

* Includes data from recapture, after transmitter was lost.
® Includes data from initial capture, before transmitter was attached




97

Pallid sturgeon winter home ranges were significantly smaller than all other
seasonal home ranges. Pallid sturgeon spring home ranges were significantly larger than
fall and winter home ranges, but not significantly different than summer home ranges (P
<0.15; Dunn's multiple comparison test; Table 20). Shovelnose sturgeon winter home
ranges were significantly smaller than spring and summer home ranges (P < 0.15; Dunn's
multiple comparison test; Table 20).

Table 19. Days at large, number of locations and home range for telemetered shovelnose

sturgeon in the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-
1994.

Transmitter . .
frequency Days at large * Nlocations Home range (km) |
338 453.00 ] 0.0 i
3335 454.00 5 1.6 ‘
48.360 67.00 8 3.9
48.880 73.00 34 3.9
49.710 138.00 7 3.9 ‘;
49.790 177.00 9 42
48.820 14.14 10 6.8
48.600 300.00 8 11.6
48.640 440.00 45 242
48.840 63.10 16 25.6
48.740 74.00 4 28.2
48.300 112.14 16 30.3
48.760 252.00 5 314 )
48.920 75.00 17 35.6 }
48.860 534.10 65 36.6 i‘
48.320 31.00 | 18 41.0
48.380 67.00 36 . 59.1
48.900 443.15 56 72.4
48.590 72.10 34 88.8
48.340 67.00 24 89.1
48.550 337.00 15 91.1
48.620 556.00 34 97.3
48.660 594.00 43 97.7
48.940 526.00 57 119.1
48.680 '517.00 26 123.9
48.280 171.00 26 254.1
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Home range during summer (P = 0.34), fall (P = 0.76), and winter (P = 0.63) were
not significantly different (Mann-Whitney U) between pallid and shovelnose sturgeon.
Spring ranges were less similar and nearly statistically significant (P = 0.10).

Table 20. Seasonal home ranges (km) for telemetered pallid and shovelnose sturgeon in

the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994. Seasonal
home ranges with the same letter are significantly different from each other.

Species Season N fish Mean Median Maximum Significant?*
Pallid Summer 20 384 18.0 224.2 a
Pallid Fall 16 23.0 14.1 146.7 b,c
Pallid Winter 5 0.9 0 4.3 a,b,d
Pallid Spring 22 46.6 34.8 149.4 c,d
Shovelnose Summer 22 52.7 33.8 254.3 e
Shovelnose Fall 14 14.4 13.6 40.5
Shovelnose Winter 7 1.0 -0 -39 e,f
Shovelnose. Spring 19 29.1 214 95.6 f

* Statistical significance determined by using Dunn’s multiple comparison test, P < 0.15

The maximum distances moved between sﬁccessive relocations for pallid and
shovelnose sturgeon during the winter was only 5.9 and 3.9 km, respectively. Despite the
relatively small number of relocations made during winter, linear regression of sample
éize Versus range was not significant for pallid (P = 0.20) or shovelnose (P = 0.43)

sturgeon.
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Figure 18. Range by season for telemetered pallid sturgeon (summer N =20; fall N= 16;
winter TV="5; spring W= 22) in the Yellowstone and Missouri rivers in Montana and
North Dakota, 1992-1994. Small box is median, large box is 25% and 75% percentiles,
and whiskers are minimum and maximum values.
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Figure 19. Range by season for telemetered shovelnose sturgeon (summer Tv= 22; fall TV
= 14; winter TV=7; spring TV= 19) in the Yellowstone and Missouri rivers in Montana
and North Dakota, 1992-1994. Small box is median, large box is 25% and 75%
percentiles, and whiskers are minimum and maximum values.



Diel Movement

Both pallid and shovelnose sturgeon were observed moving during all four diel
categories (Tables 21 and 22; Figure 20). Diel activity differed between pallid and

shovelnose sturgeon. The highest proportion of pallid sturgeon observed moving was

Table 21. Summary of information on diel activity for telemetered pallid sturgeon in the

100

Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994.

Proportion of observations

Diel category N observations on moving fish
All pallid sturgeon

Day 452 0.53

Dusk 32 0.34

Night 57 0.37

Dawn 18 0.33

Total all diel periods 559 0.49
Pallid sturgeon 49.680

Day 117 0.68

Dusk 2 1.00

Night 8 0.75

Dawn 2 0.00

Total all diel periods 129 0.67
Pallid sturgeon 49.100

Day 84 0.87

Dusk 8 0.50

Night 13 0.46

Dawn 4 0.75

Total all diel periods 109 0.79
Pallid sturgeon 49.630

Day 36 0.17

Dusk 5 0.20

Night 4 0.75

Dawn 1 0.00

Total all diel periods 46 0.22
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during day (0.53) while the highest proportion of shovelnose sturgeon observed moving
was during night (0.52). Diel activity also differed between individual fish of both
species. For example, three individual pallid sturgeon had daytime movement
proportions of 0.17, 0.68. and 0.87 (Table 21). Three individual shovelnose sturgeon had
daytime movement proportions of 0.23, 0.29 and 0.76 (Table 22).

Table 22. Summary of information on diel activity for telemetered shovelnose sfurgeon ]
in the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994. i

Proportion of observations

Diel category” N observations on moving fish (i
e
: All shovelnose sturgeon o l
Day 152 0.34 ‘
Dusk 19 0.47
Night 31 0.52
Dawn 10 0.30
Total all diel periods ' 212 , 0.38

Shovelnose sturgeon 48.590

Day 31 023
Dusk 1 0.00 :
Night 0 -- )
Dawn _ 0 -- !
Total all diel periods 32 0.22 ‘i
Shovelnose sturgeon 48.860 J
Day 21 0.29 !
Dusk 3 0.00
Night 6 0.00
Dawn 2 0.00
Total all diel periods 32 0.19
Shovelnose sturgeon 48.380
Day 17 0.76
Dusk 2 1.00
Night 8 0.50
Dawn 2 0.00

Total all diel periods 29 0.66
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Day Dusk Night Dawn
Diel Category
Figure 20. Proportions of observations on moving pallid and shovelnose sturgeon during
four diel periods in Yellowstone and Missouri rivers in Montana and North Dakota,
1992-1994. Diel categories are: 1) Day - >1 h after sunrise until < | h before sunset; 2)
Dusk - < | h before sunset until < I h after sunset; 3) Dark -> | h after sunset until > | h
before sunrise; 4) Dawn - < | h before sunrise until < I h after sunrise.

Movement Rates

Both pallid and shovelnose sturgeon were capable of substantial movement rates
(Table 23 and Figures 21-24). Pallid sturgeon moved up to 21.4 km/d and shovelnose
sturgeon moved up to 15.0 km/d. Hourly movements ranged to 9.5 km/h for pallid
sturgeon and to 6.6 km/h for shovelnose sturgeon. Pallid sturgeon were observed to be

not moving during 46% of relocations compared to 32% for shovelnose sturgeon.
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Movement rate data were not normally distributed (Komolgorov-Smirnov test; P
<0.01). Upstream and downstream movement rates measured as km/d and km/h for
ppallid and shovelnose sturgeon were significantly different (Mann-Whitney U test; Table
23). Pallid sturgeon had significantly greater median movement rates than shovelnose

sturgeon for both upstream and downstream movements measured as km/d and km/h.
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Table 23 Movement rates for telemetered pallid and shovelnose sturgéon in the

. Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994; P= pallid
sturgeon; S = shovelnose sturgeon, DS = downstream movements; US = upstream
movements.- Mann-Whitney P levels are for the results of the hypothesis tests between

numbered variables.

Mann-
Variable N Mean Median Minimum Maximum Whitney P-
’ ’ level
(1) P DS (km/d) 197 1.9 0.69 0.003 21.4
(2) S DS (km/d) 165 1.0 0.33 0.009 15.0
(3) P US (km/d) 206 1.7 0.65 0.0005 21.0
(4) S US (km/d) 174 1.0 0.48 0.008 12.6
P no move 443
S no move 174
(5)P DS (km/h) 53 1.7 0.42 0.003 92
(6) S DS (km/h) 16 0.22 0.04 0.006 1.8
(7) P US (km/h) 57 21 . 0.83 0.005 9.5
(8) S US (km/h) 20 099 . 0.20 ~0.005 6.6
Hypotheses tested
Mvs. ) <0.000001
(3) vs. (4) 0.000001
(5) vs. (6) 0.001
(7) vs. (8) 0.005
M vs.(3) 0.49
@) vs.(4) 041
(5) vs. (7) 0.30
1 0.08

6) vs. (8)




105

Pallid Shovelnose

Figure 21. Upstream movement rates measured at intervals greater than 24 h for
telemetered pallid (jV=206) and shovelnose sturgeon {N= 174) in the Yellowstone and
Missouri rivers in Montana and North Dakota, 1992-1994. Small box is median, large
box is 25% and 75% percentiles, and whiskers are minimum and maximum values.

Pallid Shovelnose

Figure 22. Downstream movement rates measured at intervals greater than 24 h for
telemetered pallid (TV= 197) and shovelnose sturgeon (TV= 165) in the Yellowstone and
Missouri rivers in Montana and North Dakota, 1992-1994. Small box is median, large
box is 25% and 75% percentiles, and whiskers are minimum and maximum values.
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Pallid Shovelnose

Figure 23. Upstream movement rates measured at intervals less than 24 h for telemetered
pallid (N= 57) and shovelnose sturgeon (N= 20) in the Yellowstone and Missouri rivers
in Montana and North Dakota, 1992-1994. Small box is median, large box is 25% and
75% percentiles, and whiskers are minimum and maximum values.
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Pallid Shovelnose

Figure 24. Downstream movement rates measured at intervals less than 24 h for
telemetered pallid (jV= 54) and shovelnose sturgeon (#= 16) in the Yellowstone and
Missouri rivers in Montana and North Dakota, 1992-1994. Small box is median, large
box is 25% and 75% percentiles, and whiskers are minimum and maximum values.
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Pallid and shovelnose sturgeon were capable of rapid upstream and dowristream
movements. Upstream and downstream movement rates for each species were not

significantly different (Mann-Whitney U; Table 23). Shovelnose sturgeon upstream and

downstream movement rates (km/h) were close to being significantly different (P = 0.08).

Movement rates varied by season for both pallid and shovelnose sturgeon (Table
24). Mean, median, and maximum movement rates from highest to lowest were in
spring, summer, fall, and winter, respectively, for both species.

Since downstreaml and upstream fnovement rates were not significantly different,
they were combined for each species and categorized by season (Figures 25 and 26).
Median seasonal movement rates were significantly different for both pallid and

shovelnose sturgeon (Kruskal-Wallis ANOVA; P <0.0001; Table 25). Because hourly

movement rates were not documented for winter, and only rarely in fall, these rates were

not tested.
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Table 24. Movement rates for telemetered pallid and shovelnose sturgeon by season in
the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994. P =
pallid sturgeon; S = shovelnose sturgeon; DS = downstream movements; US = upstream
movements.

Variable N Mean Median Minimum Maximum

Summer
P DS (km/d) 81 1.6 0.6 0.02 11.2

-PUS (km/d) 51 1.6 04 - 0.02 10.5
P DS (km/h) 28 2.2 1.1 0.003 9.2
P US (km/h) 26 1.9 1.0 0.01 8.8
P no move 311
S DS (km/d) 74 0.9 04 0.01 6.3
S US (km/d) 83 1.3 0.8 0.01 12.6
S DS (km/h) 8 0.10 0.07 0.01 0.31
S US (km/h) 13 ' 1.4 0.2 0.005 - 6.6
S no move 116
Fall ] :

P DS (km/d) 35 1.2 0.4 0.02 10.6
P US (km/d) 36 1.1 0.8 . 0.02 5.5
P DS (km/h) 1 0.01 -- 0.01 0.01
P US (km/h) 0 -- - - --
P no move 32
S DS (km/d) 27 0.2 0.1 0.01 1.1
S US (km/d) 34 0.5 0.3 . 0.01 1.7
S DS (km/h) 0 -- - -~ --
S US (km/h) 0 - -- -- -
S no'move 9

Winter
P DS (km/d) 5 0.01 0.01 0.003 0.01
P US (km/d) 9 0.04 0.04, 0.01 0.06
P DS (km/h) 0 - -- - -
P US (km/h) 0 - -- - -
P nomove 5 -- - - -
S DS (km/d) 4 0.03 0.03 0.03 0.05
S US (km/d) 6 0.07 0.07 0.01 0.1
S DS (km/h) 0 - - - -
S US (km/h) 0 -- - - -
S no move 5
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Table 24. Continued...

Variable N Mean Median Minimum Maximum
Spring
P DS (km/d) 76 2.7 11 0.01 21.4
P US (km/d) HO 2.2 1.0 0.01 21.0
P DS (km/h) 24 1.2 0.3 0.01 8.2
P US (km/h) 31 2.3 0.8 0.01 9.5
P no move 95
S DS (km/d) 60 1.7 0.9 0.02 15.0
S US (km/d) 51 1.0 0.3 0.01 4.5
S DS (km/h) 8 0.3 0.03 0.01 1.8
S US (km/h) 7 0.3 0.05 0.01 1.6
S no move 44

Figure 25. Movement rates by season measured at intervals greater than 24 h for
telemetered pallid sturgeon (summer W= 132; fall iV= 71; winter TV= 14; spring TV= 186)
in the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994. Small
box is median, large box is 25% and 75% percentiles, and whiskers are minimum and
maximum values.
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Figure 26. Movement rates by season measured at intervals greater than 24 h for
telemetered shovelnose sturgeon (summer # = 157; fall 7/= 61; winter # = 10; spring N =
111) in the Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994.
Small box is median, large box is 25% and 75% percentiles, and whiskers are minimum
and maximum values.

Table 25. Results of testing for differences in seasonal movement rates measured as
km/d for telemetered pallid and shovelnose sturgeon in the Yellowstone and Missouri
rivers in Montana and North Dakota, 1992-1994. Seasonal movement rates with the

same letter are significantly different from each other (P <0.05).

Species Season Significant?8
Pallid Summer a
Pallid Fall b,c
Pallid Winter a,b,d
Pallid Spring cd

Shovelnose Summer e,f
Shovelnose Fall e,g,h
Shovelnose Winter f.9,i
Shovelnose Spring h,i

a Statistical significance determined by using Kruskal-Wallis ANOVA followed by
Dunn’s multiple comparison test, P <0.15.
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Movement Patterns

Figure 27 depicts movements of a pallid sturgeon captured in the Lower Missouri
River in April, 1992. This individual displays four characteristics of movement patterns
typical of pallid sturgeon captured near the confluence (Tews 1994): 1) movement
upstream from the Lower Missouri River into the Yellowstone River in April, May or
June; 2) a period of residency in the Yellowstone River during May, June or July; 3)
movement downstream from the Yellowstone River to the Lower Missouri River during
July, August or September; and 4) a period of residency and limited movements in the

Lower Missouri River during winter months.
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Figure 27. Movements of pallid sturgeon 49.680 in the Yellowstone and Lower Missouri
rivers in Montana and North Dakota, 1992-1994. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Fifteen of 15 (100%) pallid sturgeon captured near the confluence disi)layed
movement upstream from the Lower Missouri River into the Yellowstone River in April,
May or June. Nineteen of 19 (100%) displayed a period of residency in the Yellowstone
River during May, June or July. Ten of 14 (71%) displayed movement downstream from
the Yellowstone River to the Lower Missouri River during July, August or September.
Thirteen of 14 (93%) displayed a period of residency and limited movements in the
Lower Missouri River during winter months.

Exceptions to these general movement patterns were displayed by two pallid
sturgeon captured in the Upper Missouri River and two pallid sturgeon captured in the
Yellowstone River near the Intake diversion dam. One individual pallid sturgeon (radio
frequency 49.240) was initially captured by MDFWP biologists in January 1991 in the
Fort Peck dam tailrace (river km 2846). No transmitter was attached at this time, but the
séme individual was captured in September 1993 in the Lower Missouri River, 3 km
below the confluence, where a transmitter was attached. The fish was next lqcated in
April, 1994 in the Yellowstone River at river km 24. It moved to the confluence in July
and then moved 219 km upstream the Upper Missouri River by September 1994.

The second pallid sturgeon (radio frequency 49.870) captured in the Upper
Missouri River in the Fort Peck tailrace was captured in March 1993. It remained in the
tailrace Iarea until late May, and it was relocated 65 km downstream in July. By

September, it was back in the Fort Peck tailrace area.
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Shovelnose sturgeon differed from pallid sturgeon with respect to movement
patterns. Figure 28 depicts the movements of a shovelnose sturgeon captured in the
Yellowstone River in June, 1992. While most pallid sturgeon had summer locations
upstream of winter locations, shifting seasonally from the Lower Missouri River to the
Yellowstone River, most shovelnose sturgeon were found almost exclusively in the
Yellowstone River, and some had winter locations upstream of summer locations. Six of
15 (40%) shovelnose sturgeon with a discernible movement pattern had summer locations
higher upstream than fall or winter locations, while 9 of the 15 (60%) had winter or fall

locations upstream of summer locations.
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Figure 28. Movements of shovelnose sturgeon 48.860 during 1992-1993 in the
Yellowstone River, Montana. Negative river kilometers are in the Lower Missouri River,
positive river kilometers are in the Yellowstone River.
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Two pallid sturgeon were captured near the Intake diversion dam. The first was
captured in May, 1993 (radio ﬁequeﬁcy 48.570). Thirteen days latér, it was relocated 154
km downstream in the Lower Missouri River. Fourteen days after that relocation, it had |
returned to the Intake diversion dam, a total roundtrip of 308 km iﬁ 27 d. This individual
shed its transmitter shortiy thereafter. The second pallid sturgeon (radio freéluency |
48.562) captured near Intake diversion dam displayed a similar movement pattern. It was
captured in M'ay 1994, was relo.cate.d 15 days ﬂlater, 105 km downstreaﬁ in the
Yellowstone River, about 9 km above the confluence. Contact with this fish was lost .
shortly afterwards. .

One individual (radio frequency 48.900) had summer locations upstream of fall
and winter locations in 1992 and early summer locations downstream of late summer
locations in 1993. Contact with this individual was lost in late August 1993, after it had
passed upstream of the Intake diversion dam. At least oﬁe other individuai shovelnose
sturgeon 1992 when the maximum flow was 181.53 m3[ s. Figures dépicting movements
for all telemetered pallid and shovelnose sturgeon are presented in the Appendix (Figures

35-82).

Clustering

Barlett’s test indicated significant heterogeneity of variance of seasonal mean
river km (P < 0.0000001) for two of three pallid Sturgeon batches (groups of fish captured

in the same general area and time, see Ddta Analysis) and nearly significant for the third
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(P = 0.06; Table 26). A significant result was obtained for all three shovelnose sturgeon
batches (P =0.01; P = O‘.OOOOI; P =10.0003). Therefore, it appears that both pallid and
shovelnose sturgeon differed in the amount of clustering on a seasonal basis.

Ranks of clustering (variance) for all three batches of pallid sturgeon from least
clustered to most clustered were: summer, spring, fall, and winter. Shovelnose sturgeon
batéhes were more Varia‘ble in their clustering ranks. Two shovelnose sturgeon batches
were least clustered in spring and most clustered in winter. This pattern is similar to that
seen in the pallid sturgeon batches, except that the season of least clustering was spring
rather than summer. The third shovelnose sturgeon batch clustered differently. This

batch was less clustered in fall and ‘winter and more clustered in spring and summer.
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Table 26. Summary of information on analysis of clustering by season for telemetered
pallid and shovelnose sturgeon in the Yellowstone and Missouri rivers in Montana and
North Dakota, 1992-1994.

Species (batch) Season  Nfish N observations  Variance Variance Bartlett’s P
] rank level
pallid (1) summer 5 46 365.7 I <0.000000
pallid (1) fall 6 30 584 3
pallid (1) winter 4 8 214 4
pallid (1) spring 6 79 1254 2
pallid (2) summer 4 53 125.1 1 0.06
pallid (2) fall 3 5 9.2 3
pallid (2) winter 2 2 0 4
pallid (2) spring 4 33 99.0 2
pallid (3) summer 7 52 895.4 1 <0.000000
pallid (3) fall 6 38 41.8 3
pallid (3) winter 5 5 34.4 4
pallid (3) spring 7 103 472.1 2
shovelnose (4) summer 3 47 536.3 3 0.01
shovelnose (4) fall 3 18 1127.7 2
shovelnose (4) winter 1 2 1.6 4
shovelnose (4) spring 3 17 1373.1 1
shovelnose (5) summer 4 36 10134 2 0.00001
shovelnose (5) fall 4 19 138.7 3
shovelnose (5) winter 2 3 34.5 4
shovelnose (5) spring 3 16 1738.8 1
shovelnose (6) summer 6 116 1050.4 3 0.0003
shovelnose (6) fall 3 20 2313.3 1
shovelnose (6) winter 3 6 2068.4 2
shovelnose (6) spring 7 96 ) 640.1 4

Movement into the Yellowstone and I.ower Missouri rivers

On 31 occasions, pallid sturgeon were located below the confluence and
subsequently located upstream, having entered either the Yellowstone River or the Upper

Missouri River. These locations were made on 18 individual pallid sturgeon. On 28
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occasions during 1992-1994, the subsequent location was in the Yellowstone River, and
on 3 occasions, all during 1994, the subsequeﬁt location was in the Upper Missouri River.
Pallid sturgeon entered the Yellowstone River significantly more than expected by
chance (Pf?arson's x2 analysis; P = 0.000007).

Median discharge was significantly higher in the Yellowstone River (median =
251.3 m’/s; mean = 368.6 m*/s; SD = 283.2) than in the Upper Missouri River (median =
214.1 m®/s; mean =215.4 m*/s; SD = 70.9) for the periods when pallid sturgeon passed
upstream from the Lower Missouri River to the Yellowstone River (Mann-Whitney U
test; P <0.0000001). Median discharge was significantly higher in the Upper Missouri
River (median = 239.6 m’/s; mean = 237.5 m’/s; SD = 26.8) than in the Yellowstone
 River (median=116.4 m’/s; mean = 157.8 m’/s; SD = 96.7) when paﬂid sturgeon entered
the Upper Missouri River (Mann-Whitney U test; P = 0.000005).

Ten observations of 6 individual shovelnose sturgeon passing the confluence were
made during 1992-1994, and 8 of the 10 subsequent observations were in the
Yellowstone River. Both times that telemetered shovelnose sturgeon entered the Upper
Missouri River were during 1994. Shovelnose sturgeon entering the Yellowstone River
was nearly significantly more than expected by chance (Pearson's xz anaiysis; P =10.058).

¢
Median discharges in the Yellowstone River (median = 166.2 m’/s; mean =_'175.2 m’/s
SD =80.4) and Upper Missouri River (median =214.1 m’/s; mean = 172.1 m’/s; SD =
61.9) were not significantly different during periods when shovelnose sturgeon entered

the Yellowstone River. However, median discharge in the Upper Missouri River (median
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=243.3 m’/s; mean = 248.0 m’/s; SD = 47.4) was significantly higher than in the
Yellowstone River during periods when shovelnose sturgeén entered the Upper Missouﬁ
River. Because the thermograph from the Upper Missouri River Station was lost during
1994, I was unable to compare water temperatures between the two rivers when pallid

and shovelnose sturgeon entered the Upper Missouri River.

Movement Regression Models

Models of locations (river km) with discharge as the predictor variable that

appeared to fit well were created for 18 of 24 (75%) pallid sturgeon. Coefficients of

simple determination (rz) ranged from 0.3275 to 0.9655. Because discharge was different

in the three riYer segments (Yellowstone River, Upper and Lower Missouri River),
separate parameter estimates were calculated for each river segment.

Sign (positive or negative) and magnitude of parameter estimates varied among
the three river segments and amc;ng individuals. In the Yellowstone River, 10 of 13
(77%) significant parameter estimates were positive, indicating that these pallid sturgedn
were found higher upstream during higher dischatges. In the Lower Missouri River, 15
of 15 (100%) parameter estimates were negative, indicating that within the Lower
Missouri River, these pallid sturgeon were found at lbwer river kilometers during higher
discharges. The one significant parameter estim:ate for a pallid sturgeon in the Upper

Missouri River was negative.
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Models of locations (river km) with discha;ge as the prédicfor variable that
appeared to fit well were created for 12 of 22 (54%) shovelnose sturgeon. Coefficients of
simple determination (r2) ranged from 0.2793 {o 0.9046. As with pallid sturgeon, sign
and magnitude of parameter estimates Varieq amo‘rig the three river segments and among
individuals. However, in contrast to pallid Asturg‘eon, the majority of parameter e_stimates
in the Yellowstone River Wefe negative (9 of 12; 75%). In the Lower Missouri River, 3.
of 3 (100%) parameter estimates were negative. The one estimate for a pallid sturgeon in
the Upper Missouri River \;ras positivé. |

Mociels of loéations (river km) with photoperiod as the predictor Vériﬁble that
appéared to fit well were created for 16 of 24 (67%) pallid sturgeon. Coefﬁci_enté of

simple determination (r2) ranged from 0.1468 to 0.8696.

As with discharge models, sign and magnitude of parameter estim;cltes varied
among irldividuals. Fourteen of the 16 (8 8%) parameter estimates for pallid sturgeon
were positive, indicating higher predicted river kilometer locations with increased
' photoperiod.

In a like manner, models of locations (river km) with photoperiod as the predictor -

variable that appeared to fit well were created for 11 of 22 (50%) shovelnose sturgeon.

Coefficients of simple determination (rz) ranged from 0.1298 to 0.8884.
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Sign and mggnitude of parameter estimatés varied among individual shovelnose
sturgeon. Seven of the 11 (64%) parameter estimates for shovelnose sturgeon were
positive.

Models vﬁth both photoperiod and ciischarge appeared to fit well for 18 of 24
(75%) of pallid sturgeon and 16 of 22 (73%) of shovelnose sturgeon. Coefficients of
simple determination ranged from 0.5991 to 0.9705 for pallid sturgeon and 0.3110 to
0.9566. Summaries of all movement regression models are presented in the Appendix

(Tables 32-37).

Channe] Pattern, Islands, and Bars

Channel pattern at pallid sturgeon locations was primarily sinuous (76.9% of
locations) or irregular (15.1%; Table 27, Figure 29). Pallid sturgeon were rarely found in
straight channels (7.5%) or channel patterns with irregular meanders (0.5%). Channel
pattern at shovelnose sturgeon locations was more evenly distributed (Figure 29); 46.3%
of observations were in sinuous channels, and 25.2% and 23.8% of observations were in
straight and irregular channels, respectively (Table 27). Only 4.8% of observations were
in channels with irregular meaﬁders.

Use of reaches with islands and bars was similar for pallid and shovelnose
sturgeon (Table 27; Figure 30). Most locations were near islands; 73.1% and 68.0% of
locations for pallid andl shovelno'se sturgeon, respectively. Reaches with alluvial bars

were used less than reaches with islands by both species (22.2% for pallid sturgeon and
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32.7% for shovelnose sturgeon). Reaches without bars or islands were used least by both
species (14.6% for pallid sturgeon and 24.5% for shovelnose sturgeon).
Table 27. Summary of observations of macrohabitat use for telemetered pallid and

shovelnose sturgeon in the Yellowstone and Missouri rivers in Montana and North
Dakota, 1992-1994.

Pallid sturgeon Shovelnose sturgeon
Macrohabitat variable Number of Percent of . Number of Percent of
observations observations observations  observations
Channel pattern )

Straight 16 7.5 37 252

Sinuous 163 76.9 68 46.3

Irregular 32 15.1 35 23.8

Irregular meanders 1 0.5 7 4.8
. Bar or jsland® .

Bar 46 222 48 327

Island 155 73.1 100 68.0

No bars or islands : 31 14.6 36 24.5

Sere” .

Bare or pioneer 47 26.0 48 43.2

Willow/cottonwood thicket 71 39.2 25 22.5

Young cottonwood 78 43.1 54 48.6

Mature cottonwood 6 33 23 ’ 20.7

- Alluvial bar type’

Channel side 15 32.6 30 62.5

Channel junction 5 10.9 4 8.3

Point bar 2 43 9 18.8

Mid-channel 28 60.9 17 354

Geomorphic condition
Run or straight reach 197 93.8 137 92.6
Curve 13 ' 6.2 11 7.4

* Locations were classified as both island and bar if both were present.
> Locations were classified with two seres if both island and bar if both were present.
® Locations were classified with more than one bar type if more than one bar was present.
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Figure 29. Percent of observations in four categories of channel pattern for telemetered
pallid and shovelnose sturgeon in the Yellowstone and Missouri rivers in Montana and
North Dakota, 1992-1994.
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Figure 30. Percent of observations in reaches with and without islands and alluvial bars

for telemetered pallid and shovelnose sturgeon in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994.
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Serai stage of islands and bars in reaches where pallid sturgeon were observed
was most often a stage preceding mature cottonwood (Figure 31; Table 27). Shovelnose
sturgeon had a similar pattern of use, but were found near islands with mature

cottonwood forest more often (20.7% of observations) than pallid sturgeon (3.3% of

observations).

100

90 k---1 Pallid
80

70

60

50

40

30

B Ocsom=""

Q
Q

10

B/P WICT YC MC
Sere of Island or Bar

Figure 31. Percent of observations in four categories of serai stage of island or bar for
telemetered pallid and shovelnose sturgeon in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. B/P = bare or pioneer; W/C T =
willow/cottonwood thicket; Y C = young cottonwood forest; MC = mature cottonwood
gallery forest.

When pallid sturgeon were found near an alluvial bar, the type of bar was most
often a midchannel bar (60.9% of observations; Table 27; Figure 32). Channel side bars

were also fairly common near pallid sturgeon locations (32.6% of observations). In
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contrast, shovelnose sturgeon were found near channel side bars most often (62.5% of
observations), followed by midchannel bars (35.4%).

Most pallid and shovelnose sturgeon locations were in straight reaches; 93.8%
and 92.6% of locations, respectively (Table 27). Areas near the apex of curves were only

rarely used.
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Figure 32. Percent of observations in four categories of alluvial bar for telemetered pallid
and shovelnose sturgeon in the Yellowstone and Missouri rivers in Montana and North

Dakota, 1992-1994.

Island Density Use Versus Availability

Reaches without islands (island density category 1) were found from river km
2502.1 to river km 11.8 (Table 28; Figure 33), and comprised 31.1% of the Lower
Missouri and Yellowstone rivers (Table 29). Single island reaches (island density

category?2) were found from river km 2532.9 to river km 111.8, and comprised only 7.7
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of the Lower Missouri and Yellowstone rivers. Reaches with frequent islands (island
density category 3) occurred primarily from river km 2511.7 to river km 59.1, and
comprised 31.6% of the Lower Missouri and Yellowstone rivers. Split channel reaches
(island density category 4) were found mostly in the Yellowstone River upstream of ri\;'er

km 61.4, and comprised 29.6% of the Lower Missouri and Yellowstone rivers.
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Table 28. Island density category, lécations, and lengths of reaches in the Lower
Missouri and Yellowstone rivers, in Montana and North Dakota, 1992-1994. Island

density categories are 1 = none - no islands; 2 = single - a single island, no overlapping of

islands; 3 = frequent - occasional overlapping of islands, with average spacing between
islands less than 10 river widths; and 4 = split channel - islands overlap other islands
frequently or continuously, the number of flow channels is usually two or three.

Island density River kilometer River kilometer Length (km) Percent of total
category downstream end upstream end
1 2502.1 2503.1 1.0 0.6
4 2503.1 2507.6 4.5 2.8
4 2507.6 2510.7 3.1 2.0
1 2510.7 2511.7 1.0 0.6
2 2511.7 2514.5 2.8 1.8
1 2514.5 2519.7 52 33
4 2519.7 25223 2.7 1.7
1 2522.3 2532.9 10.5 6.7
2 2523.9 2534.3 14 0.9
1 2534.3 2535.5 12 0.8
3 2535.5 2539.5 4.0 2.6
1 2539.5 2542.6 3.1 2.0
3 2542.6 172 20.0 12.7
1 172 18.1 1.0 0.6
3 18.1 20.0 1.9 12
1 20.0 24.5 4.5 2.8
3 24.5 315 7.0 4.4
1 315 332 1.7 1.1
2 332 35.0 1.8 1.1
1 35.0 355 0.6 04
2 355 36.9 1.3 0.8
1 36.9 412 4.4 2.8
3 41.2° 45.1 3.8 24
1 45.1 50.4 5.3 34
3 504 59.1 8.7 5.5
1 59.1 61.4 23 15
4 61.4 71.5 10.2 6.4
1 71.5 72.1 0.6 0.4
4 72.1 86.5 144 9.1
3 86.5 88.5 2.0 13
4 88.5 91.5 3.0 1.9
1 91.5 92.7 12 0.7
4 92.7 96.6 4.0 2.5
3 96.6 99.0 24 1.5
4 99.0 103.9 4.9 3.1
2 103.9 107.2 32 2.1
1 107.2 110.2 3.1 1.9
2 110.2 111.8 1.6 1.0
1 111.8 1143 24 1.5
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280dOek O o

River Kilometer

Figure 33. Distribution of available island density categories in the Lower Missouri
River and Yellowstone River in Montana and North Dakota, 1992-1994. Negative river
kilometers are in the Lower Missouri River, positive river kilometers are in the
Yellowstone River. Island density categories are |1 = none - no islands; 2 = single - a
single island, no overlapping of islands; 3 = frequent - occasional overlapping of islands,
with average spacing between islands less than 10 river widths; and 4 = split channel -
islands overlap other islands frequently or continuously, the number of flow channels is
usually two or three.

Table 29. Total lengths and percentages of reaches in island categories 1-4 in the Lower
Missouri and Yellowstone rivers in Montana and North Dakota, 1992-1994. Island
density categories are | = none - no islands; 2 = single - a single island, no overlapping of
islands; 3 = frequent - occasional overlapping of islands, with average spacing between
islands less than 10 river widths; and 4 = split channel - islands overlap other islands
frequently or continuously, the number of flow channels is usually two or three.

Island density category Total length (km) Percent of total
1 49.0 31.1
2 12.2 7.7
3 49.8 31.6
4 46.7 296

totals 157.6 100.0
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Use of reaches classified by island density categories by pallid sturgeon was
significantly different than availability (Pearson's xz analysis; P <0.00001; Table 30).
Pallid sturgeon preferred reaches with frequent islands and avoided reaches with no
islands, single island reaches, and split channel reaches. Pallid sturgeon ﬁreferences in
spring and summer were similar; reaches with frequent island were preferred and split
channel reaches were avoided in both seasons. However, reaches with no islands were
not significantly preferred or avoided in summer but avoided in spring. Single island
reaches were not significantly preferred or avoided in spring or summer. Eight of 13
pallid sturgeon with N > 10 observations had significant (P = 0.10) island density
category preferences (Table 30). All éigh’c of these individuals preferred reaches with
frequent islands, six individuals avoided reaches with no islands and two individuals
avoided split channel] re;aches.

The effect of unequal sample sizes from individual fish contributing to the pooled
result was examined. All six random samples showed significant preference for reaches
with frequent islands, four samples showed avoidance of split channel reaches and one
sample showed avoidance of reaches with no isl‘and'é (Table 30).

Use of island density categories was significantly different than availability for
the sample of all shovelnose sturgeon pooled (P < 0.0379); single islémd reaches were
avoided (Tablé 31). In contrast to pallid sturgeon, spring and summer suBsa.mples

differed. Reaches with frequent islands were preferred in spring but avoided in summer.
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Table 30. Summary of x2 analysis and conclusions on preference and/or avoidance of the
four macrohabitat types for telemetered pallid sturgeon in the Yellowstone and Missouri
rivers in Montana and North Dakota, 1992-1994. Island density categories are 1 = none -
no islands; 2 = single - a single island, no overlapping of islands; 3 = frequent -
occasional overlapping of islands, with average spacing between islands less than 10 river
widths; and 4 = split channel - islands overlap other islands frequently or continuously,
the number of flow channels is usually two or three.

Island density category ,

Fish/category N r P 1 2 3 4
All pallids 246 207.94 <0.0000 avoid avoid prefer avoid
Pallids spring 119 193.06 <0.0000 avoid prefer avoid
Pallids summer 102 70.17 '<0.0000 prefer avoid
49.680 - 36 44.46 <0.0000 avoid prefer . avoid
49.030 20 11.40 0.0098-  avoid prefer
49.650 19 2.16 0.5399 '
49.630 18 13.03 0.0046 avoid prefer avoid
49.050 ' 15 13.86 0.0031 avoid prefer
49.810 . 14 6.97 0.0730  avoid ¢ prefer’
49.100 14 2.84 0.4170
49.712 . 12 11.23 0.0106 prefer .
49.130 11 12.91 0.0048 prefer
49.170 11 8.74 0.0330 avoid prefer
49.850 . 10 3.50 0.3208
49.670 10 5.02 0.1704
49.350 10 0.86 0.8351 .
random 1 21 17.36 0.0006 ) prefer
random 2 21 24.56 <0.0000 prefer
random 3 21 10.67 0.0137 prefer avoid
random 4 42 40.40 <0.0000 prefer avoid
random 5 42 31.77 <0.0000 ‘ avoid prefer avoid

random 6 42 35.18 - <0.0000 - prefer ‘avoid

Only one of nine shovelnose sturgeon with N > 8 observations had significant (P
= 0.0052) island density category preferences. This individual preferred split channel

reaches.
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As with pallid sturgeon, the effect of unequal sample sizes from individual fish
contributing to the pooled result was examined by testing three random samples of one |
observation and three random samples of two observations per individual fish. Two
random samples had significant results (Table 31). Both samples showed avoidance for

reaches with frequent islands.

Table 31. Summary of Pearson's xz analysis and conclusions on preference and/or
avoidance of the four macrohabitat types for telemetered shovelnose sturgeon in the
Yellowstone and Missouri rivers in Montana and North Dakota, 1992-1994. Island
density categories are 1 =none - no islands; 2 = single - a single island, no overlapping of
islands; 3 = frequent - occasional overlapping of islands, with average spacing between
islands less than 10 river widths; and 4 = split channel - islands overlap other islands
frequently or continuously, the number of flow channels is usually two or three.

Island category

Fish/category - N x2 P 1 2 3 4
All shovelnose 139 8.43 0.0379 avoid
shovelnose spring 42 12.53 0.0058 prefer
shovelnose summer 91 16.90 0.0007 avoid
48.940 15 12.74 0.0052 : prefer
48.860 13 2.71 0.4385
48.900 ] 13 9.69 0.0214
48.340 11 1.89 0.5956
48.380 10 0.95 0.8133
48.300 10 125 . 0.7434
48.590 8 3.98 0.2637
48.550 8 0.44 0.9319
48.280 - 8 3.89 0.2747 :
random 1 18 9.26 0.0261 avoid
random 2 ) 18 2.32 0.5087
random 3 18 221 0.5300
random 4 35 1.96 0.5797
random 5 35 1.29 0.7316

random 6 35 7.98 0.0465 avoid
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Figure 34. Percent use minus percent availability for 13 individual pallid sturgeon with N
>10 observations and 9 individual shovelnose sturgeon with N > 8 observations (open
circles) for four macrohabitat categories in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. Solid circles are pooled value for all pallid
sturgeon (N=2\ fish, N =246 observations) and all shovelnose sturgeon (//=18 fish, N
= 139 observations). The range between the uppermost and lowermost open circles
indicates the extent of variation among individual fish. Island density categories are | =
none - no islands; 2 = single - a single island, no overlapping of islands; 3 = frequent -
occasional overlapping of islands, with average spacing between islands less than 10 river
widths; and 4 = split channel - islands overlap other islands frequently or continuously,
the number of flow channels is usually two or three.
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Use of reaches with no islands, single island reaches, and split channel reaches
varied among individual pallid sturgeon. Use of reaches with frequent islands among
individual pallid sturgeon was less variable and about the same as availability. Use of
reaches with no islands and split channel reaches was generglly less than available, and
use of reaches with frequent islands was generally greater than available (Figure 34).

Individual shovelnose sturgeon also showed more variation in use of reaches with
no islands, éingle island reaches, and split channel reaches than they did for reaches with
frequent islands. In contrast to pallid sturgeon, no trends are evident in use of reaches

with no islands, reaches with frequent islands, or split channel reaches (Figure 34).
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DISCUSSION

As an endangered species, the pallid sturgeon is rare by definition and much basic
life history and habitat data are lacking. Because of the pallid sturgeon’s rarity, these
data are difficult to obtain. In addition, habitat preference is difficult to determine since
virtually the entire range of pallid sturgeon has been impacted by human activities such as
dam construction and channelization (Dryer and Sandvol i993). In these altered habitats;
observed habitat use and behavior could be different from those under pre-impact
conditions. However, within this study area, the undammed Yellowstone River and the
Missouri River below the confluence probably represent the closest approximation to pre- .
impact habitat and thus behavior of pallid and shovelnose sturgeon that exists today.

Shovelnose sturgeon have been proposed as a surrogate species to obtain
inference relative to the pallid sturgeon. Shovelnose sturgeon are sympatric over the
entire range of pallid sturgeon and are often captured in the same gear sets (Carlson et al.
1985, Tews 1994), indicating periods of similar habitat use. The existence of pallid x
shovelnose sturgeon hybrids further indicates that spawning habitat is similar, at least
occasionally in altered habitats. In this study, I found that habitat use and movements of
pallid sturgeon and shovelnose sturgeon were similar in certain aspects. Nonetheless, in

part due to the large number of observations afforded by telemetry, important differences




134

in habitat use and movements between the two species, as well as among individuals,
were found.

However, because telemetered pallid sturgeon were larg.er than telemetered
éhovelnose sturgeon, the differences I observered between the two species are’ |
confounded w1th th’e; size difference between pallid and shovelnose sturgeon. However,
despite the size difference, telemetered individuals of both species were of adult size, and
hence inference regarding differeﬁces between adult pallid and shovelnose sturgeon are
valid. | In conclusion, it appears that adﬁlt shovelnose sturgeon are of limited utility as
adult pallid sturgeon surrogates, although as members of the same ecosystem, ‘éhey are an '

indicator of ecosystem impacts that may be rélevant to pallid sturgeon.

Substrate -

Pallid sturgeon showec_l statistically significant preference for sandy substrates,
and individual pallid sturgeon were less variable in.substrate ‘use than were individual
shoveinose sturgéon. When sand dunes were distinguished from general sand substrates
which included both dunes and flat sand, sand dunes were significantly preferred. Gravel
and cobble substrates were significantly avo‘ided. Asa speciqs, shovelnose sturgeon
significantly preferred gravel and cobble substrates and avoided sand. waéver,
individual shovelnose sturgeon were more variable in substrate use than were pallid

sturgeon.
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The substrate use observed in this study corresponds to the distribution of the two
species. Pallid sturgeon are found only in the Mississippi and Missouri rivers, and their
largest tributaries (Cross 1967, Lee et al. 1980, Keenlyne 1989) where sand is the
predominant substrate (Dryer and Sandvol 1993). A data base of nation-wide pallid
sturgeon captures is maintained by the U. S. Fish and Wildlife Service Office of
Ecological Services in Bismarck, North Dakota. In this database, 166 of 173 (96%)
pallid sturgeon captures with substrate data were over substrates composed at least
partially of sand or fines. Erickson (1992) reports that in Lake Sharpe on the Missouri
River in South Dakota about 73% of lé)cations of pallid sturgeon > 5 kg were over sand or ,
fines. However, substrate use by small pallid sturgeon was different: 62% of locations of
felemetered pallid sturgeon < 5 kg were over substrates larger than sand.

In Montana, the Yellowstone and Missouri rivers change from sand-dominated
substrate in their lower reaches to gravel and cobble-dominated substrate in the upper

\reaches. Although occasional records of pallid sturgeon from the gravel and cobble areas
of these rivers éxist (Brown 1955, Brown 1971, Watson and Stewart 1991, Gardner
1995), the majority of captures are from the lower, sand-dominated reaches (Krentz 1994,
Tews 1994, Gardner 1995).

In contrast to pallid sturgeon, shovelnose sturgeon occur in smaller rivers
(Christenson 1975) and farther upstream in large rivers such as the Missouri and
Mississippi (Lee et al. 1980). In Montana, catch-per-unit-effort for shovelnose sturgeon

is generally higher in the gravel/cobble-dominated reaches than in the sand dominated
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reaches of the Yellowstone and Missouri Rivers (Tews 1994, Bakes et al. 1994). In
telemetry studies from the upper M’ississippi River, researchers report that shovelnose
sturgeon were most often relocated over sandy substrates (Curtis 1990), and also
regularly associated with the large rock substrate that corﬁposed the wing dams (Hurley et
al. 1987).. However, gravel ar-ld cobble substrates in the upper Mississippi River are
apparently quite rare (Curtis 1990).

Differences in substrate use may be related to the food habits of the two species.
Small fish, such as cyprinids, may be easier to glean from a sand substrate than from a
cobble substrate where interstices may offer a refuge from predation. Sand dunes may
also offer a velocity refuge for pallid sturgeon or their prey. In contrast, shovelnose
sturgeon consume primarﬂy aquatic insects. Cobble and gravel substrates generally have
higher benthic production than shifting, sandy substrates (Hynes 1970, Junk et al. 1989,
Allan 1995). Perhaps smaller pallid s‘.curgeon include more insects in their diet, which
could explain the greater use of larger substrates for smaller pallid sturgeon reported by

Erickson (1992).

Depth

Pallid and shovelnose sturgeon used a wide range of depths, and although I found
much overlap of depth use, median depth at pallid sturgeon locations was significantly
greater than median depth at shovelnose sturgeon locations. There was also significant

variability in use of depths by individuals of both species. Although I observed radio-
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tagged pallid and shovelnose sturgeon in depths ag great as 8.2 m and 10.1 m,
respectively, there was probably a bias against locations in deep water because of the
attenuation of radio signal§ by deép water with high conductivity. |

Mean maximum depth in channel cross-sections occupied by pallid and
shovelnose sturgeon were significantly different, with pallid sturgeon in deeper channels.
Both species generally used the deeper parts of the channel cross-section they were
located in, but median relative depth at shovelnose sturgeon locations §vere significantly
greater than pallid sturgeon. Therefore, although shovelnose sturgeon used lesser
absolufte depths than pallid sturgeon, the depths they used relative to what was available
in the channel cross-section were greater than those used by pallid sturgeon. This can be
explained by considering the maxim.un{ depth of the channels where the observations
occurred, coupled with the idea that both species have some minimum depth limit. For
example, only 6 of 164 (3.7%) and 5 of 147 (3.4%) observations of pallid and shovelnose
sturgeon, respectively, were in depths less than 1 m. A depth of 1 m in a channel with a 4
m maximum depth is a relative depth of 0.25. The same 1 m depthin a channel with a 3
m maximum depth is a relative depth of 0.33.

Mean depth at pallid sturgeon locations in the Missouri River above Fort Peck
dam in Montana (MRFP; Gardner 1995) were about 1 m less than mean depth at pallid
sturgeon locations in my study area. In the Missouri River between Oahe and Big Bend
dams in South Dakota (MRSD), mean depth at ballid sturgeon locations was about 1.4 m

deeper than in my study area (Erickson 1992). Since the pattern of mean depths at pallid
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sturgeon locations in the three study sites was the same as expected for the relative
availability of depths (i.e. shallowest at the farthest upstream study site, and deepest at the
farthest downstream study site; Ryder and Pesendorfer 1989), the difference in mean
ciepths at pallid sturgeon locations between the three study areas are likely due to the
distribution of available depths 1n the three sites. Similarly, mean depths at shovelnose
sturgeon locations from my study are shallower than those reported from other
shovelnose sturgeon telemetry studies farther downstream in the upper Mississippi River

(Hurley et al. 1987, Curtis 1990).

Current Velocity

While the overall means of bottom current velocities used by the two species were
significantly different, differences can be attributed to differences in current velocities in
the Yellowstoné River and the Lower Missouri River. When comparing current
velocities used by both species in the same river, velocities were not significantly
different. Mean bottom current velocities used by both species were higher in the
Yellowstonée River than in the Lower Missouri River. However, s_ince most shovelnose
sturgeon locations were in the Yellowstone River, and pallid sturgeon locations were
more evenly divided between the Yellowstone River and the Lower Missouri River, the
overall mean bottom current velocity for shovelnose sturgeon was significantly higher
than for pallid sturgeon. This finding suggests two alternative hypotheses: 1) greater

current velocities were available in Yellowstone River and pallid and shovelnose
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sturgeon were simply using velocities in proportion to velocity distribution, or, 2)
current velocities available in the two rivefs are the same, but pallid and shovelnose
sturgeon use greater current velocities in ;che Yellowstone; River. I havé no data to
suggest which hypothesis is more appropriate.

Mean bottom current velocities at pallid sturgeon locations in the MRFP were
about 0.28 @s faster than I found (Gardner 1995). Eri;:kson (1992) reported mean
bottom durrént velocities at pallid sturgeon locétiOns n t};e MRSD which were 0.2.5 m/s
slower for pallid sturgeon <5 kg arld (5.47 m/s slower for pallid sturgeon > 5 kg than for
pallid sturgeon in my study. Use of lower velocities in the MRSD ‘may be a result of
sturgeon locations in areas of reduced current in the headwaters of Lake Oahe br to

overall current velocities available within his study area.

General Distribution

Pallid sturgeon were most often relocated in the Lower Missouri River and the
lowler 28 km of the Ye}lowstone River, although they were rarely located as far upstream
as the Intake diversion dam on the Yellowstone River (river km 114.4). Pallid sturgeon
were not located above Intake"diversion dam, which may be gpartial barrier to upstrea;n.
movement. In contrast, telemetered shovelnose sturgeon were foynd principally in the'
Yellowstone River, from the Intake diversion dam (river km 114) to the confluence, and
only rarely in the Lower Missouri River. Pailid sturgeon sho/wed a pronounced seaso_naln

shift in locations from the lower 28 km of the Yellowstone River in spring and summer to

]
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the 28 km of the Lower Missouri River below the confluence in fall and winter.
Although individual shovelnose sturgeon changed locations seasonally, the seasonal
distribﬁtion of all shovelnose sturgeon observations was not markedly different from
season to season. Most locations of pallid sturgeon were grouped seasonally, while
locations of shovelnose sturgeon during all seasons were less grouped.

Batches of pallid sturgeon that were initially captured at the same general time
and location were most clustered in winter, indicating that pallid sturgeon may have
specific wintering areas. In coﬁtrast, batches of shovelnose sturgeon that were captured at
the same general time and location .Varied with respect to ranks of seasonal clustering,
indicating more generalized seasonal habitat use. However, since fewer observations on
fe\.zver fish were obtained during fall and winter, these results may be biased toward
greater clustering in these seasons. Because of this potential bias, these results should be
considered as suggestive only.

All Jocations of telemetered pallid and shovelnose sturgeon were in riverine
habitat, with the exception of one pallid and two shovelnose sturgeon that were observed
in altered semi-riverine habitat below Fort Peck dam. No locations of either species were
made in non-riverine portions of Lake Sakakawea. However, because radio signals were‘
difficult to reéeive in deeper water, it is possible that telemetered fish may fxave used
Lake Sakakawea without being detected. However, this is unl‘ikely because pallid and

shovelnose sturéeon were rarely located in the vincinity of the headwaters of Lake
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Sakakawea. For example, only one individual pAallid sturgeon and no shovelnose
sturgeon were observed within 10 km of the headwaters of Lake Sakakawea.

Although about 305 km of riverine habitat on the Upper Missouri River from Fort
Peck dam to the confluence of the Yellowstone River were available, both species were
only rarely located in this reach. Because most fish in the study were initially captured in
the Yellowstone River or the Lower Missouri River, this sample of fish may be biased
against obtaining locations in the Upper Missouri River. However, since the home range
for pallid sturgeon and shovelnose sturgeon was as high as 331 km and 254 km
respecfively, lack of use of the Upper Missouri River was not likely due to distance from
capture location. Also, pallid sturgeon passed the confluence many times, but entered the .

AN
Yellowstone River rather .than the Lower Missouri River significantly more-than expected
by chance. Biologists also report lower capture rates of pallid and shovelnose sturgeon in
the Upper Missouri River than in the Yellowstone River and the Lower Missouri River
(Gardner and Stewartl 1987; Tews 1994; Liebelt 1995).

Although alternative explanations such as genetically intrinsic homing may
explain this p“refereﬁce for the Yellowstone River over the Upper Missouri River, it is
likely that it is the result of altered ecological conditions on the Upper Missouri River
created by Fort Peck dam. The effects of dams on ecdlogical conditions of large rivers
~ are well known, and a combination of the\effects discussed below may account for lack of

use of the Upper Missouri River. Dams on the Missouri River have had profound

impacts on the ecosystem of the Missouri River which have led to declines in native
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. aquatic‘ and terrestrial c.ommunities (Hesse et al. 1989; Hesse et al. 1993 ; Hesse and Mestl]
1993; Hesse and Sheets 1993). For e?;ample, deé:lines in 2 species of birds and at least 32
species of fish are partially attributed to the operation of the seven mainstem dams on the
Missouri River (Hesse and Mestl 1993; Hesse and Sheets 1993)..

Fort Peck dam has affected the amplitude and timing of discharge and thermal
regimes and interrupted sediment and organic matter transport. Altered discharge and
thermal regimes on the Upper Missouri River may interrup;c important environmental
cues for timing of pallid and shovelnose sturgeon movements. Discharge and sediment
load, together with physiographic setting and history are primary factors controlling the
morphology of large alluvial rivers (Kellerhals 1989). Altered river hydrology and
sediment dynamics are unstable processes, resulting in a stéte of flux until these
destabilizing processes equilibrate (Hesse and Sheets 1993). Thus, the altered
hydrograph and loss of sediment loads below Fort Peck dam will inevitably affect
morphology, and therefore habitat for pallid and shovelnose sturgeon in the Lower
Missouri River. Dams disrupt the connections of organic matter transport and
concomitant faunal assemblages between upstream and downstream reaches emphasized
in the river continuum concept (Vannote et al.. 1980), thus Fort Peck dam may have
impacted food webs in the Upper Missouri River.

L The serial discontinuity concept (Ward and Stanford 1983) predicts changes in

riverine ecological conditions relative to placement of dams along the river's longitudinal

profile and position on the river continuum (Vannote et al. 1980). When a dam is placed
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on the lower reaches of a river, the water clarity, substrate stability, nutrient levels and
nutrient availability, and maximum temperatures shift to values that are more typical of
conditions farther upstream in the river (Ward and Stanford 1989). Thus, placement of
Fort Peck dam on the lower reaches of the Missouri River in Montana has shifted
conditions below the dam towards conditions more typical of river reaches upstream of
the pallid sturgeon's native range. Turbidity is important in this system because Missouri
River fish species have evolved under conditions of high natural turbidity (Pflieger and
Grace 1985). Reduction of tu;fbidity may reduce the ability of pallid sturgeon to feed on
other fishes, while enhancing foraging ability of visually oriented non-native predators
such as northern pike (Esox lucius) and walleye (Stizostedion vitreum).

Dams on the Missouri River have lessened floodplain connectivity through
reduction of flooding (Hesse and Mestl 1993) The flood pulse concept (Junk et al. 1989)
emphasizes the importance of lateral river-floodplain interactions that occur during the
"flood pulse", when the floodplain is inundated. The flood pulse concept expounds the
idea that flood pulses are the driving force responsible for the existence, productivity, and
interactions of the major biota in river-floodplain ecosystems. Hence, reduction of river-
floodplain connectivity may reduce productivity of the Lower Missouri River, thereby
reducing food supplies for pallid and shovelnose sturgeon.

Damming of the Missouri River has reduced erosion and accretion processes
adjacent to the river channel, thereby disrupting the succession of riparian plant

communities (Johnson 1993), and reducing the recruitment of snags to the river channel
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_(Hesse and Mestl 1993). Altered riparian vegetation may affect energy dynamics and |
motrphology of the Lower Missouri River. Large woody debris is important for

production of aquatic invertebrates in sand bottomed rivers (Benke et al. 1984).

Aggregations

Pallid and shovelnose sturgeon aggregated most often in spﬁng and early summer
in both 1993 and 1994." Because these aggregations occurted during the s1_15pected
spawning season, they niay be spawning aggregations. Pallid sturgeon aggregations
during these periods were in ’[hE; lo:we‘r 12 km of the Yellowstone River, as were the
relocations of a female pallid sturgeon known to be gravid. Therefore,‘ it is likely that this
part of the Yeliowstone Rivef is used by pallid sturgeon for spawning.

Potential shovelnose sturgeon spawning aggregations occurred iﬁ the Yellowstone
River from river km 111.0 to 114.3, which is the reach directly below the Intake diversion
dam. Shox}elnose sturgeon may ﬁse this area for \spawning, but also may be concentrated .
.in this area because Intake diversion dam may be a partial 1lbarrier to upstream movements
(Stewart 1995). Another potential spawning location for shovelﬁose sturgeon was from
river km 24.9 to 25.'6 on the Yellowstone River.

Occasional aggregations of paliid and shovelnose stﬁgeon occurred in fall, but
probably because fewer relocations were made in fall, fewer aggregations_ were identiﬁed.’

However, Tews (1994) using locations of telemetered pallid sturgeon from this study as a

guide, captured 39 pallid sturgeon in September and October of 1992 and 1993, in the
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Lower Missouri River from river km 2520 to 2533, using trammel and gill nets. For
example, in 1992 she captured 20 pallid sturgeon at river km 2531 during 4 d of netting.
This included seven pallid sturgeon captured in the same net (Ann Tews, Montana

Department of Fish, Wildlife, and Parks, Pers. Comm.).

Home Range, Movement Rates, and Diel Activity

Pallid and shovelnose sturgeon exhibited high vagility, with home ranges of over
300 and 250 linear km of river, respectively, for the two species. Both species were
capable of rapid, long-range upstream and downstream movements. Pallid sturgeon
moved up to 21 km/d; shovelnose sturgeon moved up to 15 km/d. Most long distance
movements occurred in spring and summer. Because pallid and shovelhose sturgeon
spawn in late épring to early summer (Forbes and Richardson 1905; Elser et al. 1977,
Moos 1978; Berg 1981; Gilbraith et al. 1988; Keenlyne and Jenkins 1993), these
movements may be associated with spawning activities. However, because both male
and female pallid sturgeon (Keenlyne and Jenkins 1993) and shovelnose sturgéon (Moos
1978) probably do not spawn every year, some of these movements may be related to
other factors such as seasonal shifts between overwintering and summer feeding areas.

Pallid sturgeon winter movement rates and' ranges of activity were significantly
smaller than all other seasonal ranges and moVement rates. Shovelnose sturgeon
displayed a similar pattern. Because relétively few observations were obtained during the

winter seasons, lower movement rates and ranges may have been an artifact of reduced
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sampling frequency. However, if longer or faster movements actually occurred during
~ winter, sturgeon must have returned to the same areas following movements. It seems
more likely that little movement actually occurred.

Reduced activity in cold water months is likely due to temperature-rplated
lowered metabolic states and a concurrent reduction in energy requirements. Water
temperatures in the study area reached as low as 0.3 ° C as early as November. Many
temperate fish sioecies exhibit reduced activity in cold water temperatures.

The highest proportion of observations ;)n moving pallid sturgeon was during the
day, while the highest proportion of observations on moving shovelnose sturgeon was at
night. However, because both pallid and shovelnose sturgeon also exhibited movement
during other diel periods they cannot be classified as strictly diurnal, nocturnal, or
crepuscular. I also observered substanial individual variation in diel movement patterns.

In contrast to the findings of my study, Erickson (1992) found that pallid sturgeon
in the MRSD moved more at night thén during the day. Increased movement at night in
the MRSD may be rélated to reduced turbidity. Secchi disk depths in the MRSD ranged
as high as 400 cm, while in the present study Secchi disk depths at pallid sturgeon
locations averaged 20 cm and only rarely exceeded 100-cm. Since the MRSD- study area
begins directly below a dam and proceeds downstream into a reservoir, presumably
sediment load and turbidity is much reduced from natural conditions. Therefore, in the
qbsence of light atteniuation b); natural turbidity,‘ paltllid sturgeon mély shift to a nocturnal

activity pattern. In my study, a model was constructed that indicated that the predicted
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depth of pallid sturgeon was greater with hours following sunrise, when brighter
conditions would prevail. Although this model was not statistically significant (P =

0.1268), it is suggestive that pallid sturgeon may be photophobic.

Movement Patterns

Regression models suggest that discharge and photoperiod may be important
environmental cues for timing of movements by pallid and shovelnose sturgeon. Large
amounts of variability (up to 97%) in river km location were explained by regression
models using discharge and photoperiod as predictor variables.

Movement patterné varied between pallid and shovelnose sturgeon. For example,

most pﬁllid sturgeon were located farther upstream in the Yellowstone River with

increasing discharge but the majority of shovelnose sturgeon were located farther

downstream with increasing discharge. Differences between species were also evident in
regression models using photoperioa as the predictor variable. In addition to di/ffereﬁc;es
between species, regression models indicated that response (movement up or
downstream) varied among iﬁdividuals within species.

As discussed above, because pallid sturgeon and shovelnose sturgeon probably do
not spawn every year, this diversity of movement patterns within species may be related
to the spawning condition of the individual fish. Thus, movement patterns may be
different in spawning and non-spawning years. However, one individual pallid sturgeon

(frequency 49.680) that was observed over 3 years had similar movement patterns each
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year. Therefore, if one of these years was a spawning year, its spawning year moment
patterns were similar to non-spawning years.

Direction of movement for pallid sturgeon predicted by regression models relative
to discharge varied among river segments (Yellowstone, Upper and Lower Missouri
rivers). For example, while the majority of models for individual pallid sturgeon
predicted upstream movement in the Yellowstone River relative to increasing discharge,
all models predicted downstream movement relative to increasing discharge for pallid
sturgeon in the Lower Missouri River. However, most models for individual pallid
sturgeon predicted upstream movement relative to increasing photoperiod, regardless of
river segment. |

These results are congruous with the seasonal shifts exhibited by most pallid
sturgeon. A typical pattern of movement for pallid sturgeon is movement upstream out of
the Lower Missouri River in early sprihg, a period of increasing photoperiod and
generally low discharge. At the time that most pallid sturgeon enter and move upstream
in the Yellowstone River, discharge is increasing from the annual snowmelt, and
photoperiod continues to increase. A period of residency in the Yellowstone River
er;sues, which includes the summer solstice (Jﬁne 21), and relatively high discharge.
Following this period of residency in the Yellowstone River, most pallid sturgeon moved
downstream into the Lower Missouri River, during a period of decreasing photoperiod.
By the time that pallid sturgeon reach their most downstream point in the Lower Missouri

River in late summer, discharge is higher than it was when they entered the Yellowstone
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River. Hence, movement in the Lower Missouri River is downs’gream relative to
discharge, and upstream relative to photoperiod. Movement in the YélloWstoné River is
upstream with inc;easing discharge, and upstream with increasing photope‘rioci. The
potentiai influence of temperatﬁre and tubidity on movements are not known. |
Pallid sturgeon movements in the MRFP have been studied by ?adio telemetry
(Gardqer 1994). Movement patterns in this area are similar in that summer locations are
the highest upstream locations and movement rates were highest in summer. Gardner
(1995) also reports that i)allid sturgeon moved farther upstream during years with higher
discharge. |
Ranges of activity for pallid sturgeon in the MRFP were fairly lérge. Average

distance moved was 63 rivef km and the maximum home range was 98 river km. These
ranges are smaller t.han I observed, which averaged 80 river km and wete as large as 331
river km. The substrate of the MREP in the dov&ﬂstream reaches is primarily sand and
smail gravel. Substrates change to predominately cobble by about 79 km upstream of thg
Fort Peck Reservoir headwaters (Gaédner 1994). Pallid sturéeon are typically associated
with sand substrates and strong current (Bailey and Cross 1954; Carlson et al 1985 ; this
study). Thus, ranges of activity in the MRFP may be smaller than those observed in the
present study because reduction of \current velocities in the headwaters of Fort Peck
Reservoir mark the usual downstream limit of pallid -sturgeon distr‘ibu’l[ic)n ‘while the usual
“upstream limit is marked by the transition from §and—dorﬁinated to cobble-dominated

substra}tes. '
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A telemetry study of pallid sturgeon in the MRSD found similar movement
characteristics to those I found, as well as some differences (Erickson 1992). Pallid
sturgeon in the MRSD had smaller ranges of activity, ranging to about 66 river km.
However, the length of the reach in the South Dakota study area is only about 137 km
. between dams, and the lower portion of this reach is essentially lentic. Therefore, smaller
ranges of activity for pallid sturgeon in the MRSD may be a function of a reduction of
suitable riverine habitat.

As found in the current study, pallid sturgeon movements in the MRSD were
related to discharge and pallid sturgeon also exhibited individual variation in direction of
movement relative to discharge. Also concofdant with my findings, Erickson (1992)
observed that morﬁent rates of pallid sturgeon were lowest in winter months and a
significant positive correlation between water temperatures and movement rate of pallid
sturgeon existed.

Researchers in the upper Mississippi River (Helms 1974; Hurley et al. 1987,
Curtis 1990) report ranges of activity that averaged up to 18.5 for shovelnose sturgeon,
which is smaller than the overall mean of 53.1 km that I observed. However these ‘
observations were primarily in the navigation pools of the Mississippi River, a series of
essentially lentic pools with upstream riverine reaches, separated by locks and dams
(Fremling et al. 1989) which may at least seasonally restrict movement of shovelnose

sturgeon. As in the present study, the longest movements observed in studies from the '

upper Mississippi River (Helms 1974; Hurley et al. 1987; Curtis 1990), and a study in the
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Missouri River (Moos 1978) were in spring. Modest movement was-also reported for
shovelnose sturgeon in the Red Cedar/Chippewa River system in Wisconsin (Christenson
1975). However, some reports in the literature for thé Mlissouri River indicate long-range
movements for shovelnose sturgeon of up to 250 km (Moos 1978) and 534 km
(Schmulbach 1974).

Tews (1994) recaptured a shovelnose sturgeon in the Lower Missouri River 12
years after it was tagged in the Tongue River, 300 km upstream. Gardner and Stewart
(1 987) report that two shovelnose sturgeon tagged in the Yellowstone River were
recaptured in the Upper Missouri River, over 400 km away from the tagging site. Hence,
_ my findings and the reports from the Yellowstone River and Missouri Rivér indicate that
when large reaches of .unobstructed river are available, shovelnose sturgeon are capable

of very long range movements.

Macrohabitat

Pallid sturgeon were more specific and restrictive in use of macrohabitat
categories than were shovelnose sturgeon. Pallid sturgeon were found most often in
sinuous channels with islands or alluvial bars present. Straight channels, and channels
with irregular patterns or irregular meanders were only rarely used by pallid sturgeon.
Seral stage of islands or bars near pallid sturgeon was most often subclimax.

Like 15a11id sturgeon, shovelnose sturgeon were found most often in sinuous

channels. However, in contrast to pallid sturgeon, shovelnose sturgeon were also
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frequently located in straight and irregular channels. Shovelnose sturgeon were also
found more often in reaches without islands or alluvial bars than were pallid sturgeon.
Also in contrast to pallid sturgeon, the distribution of seral stage of islands or bars near
shovelnose sturgeon locations was more evenly spread across seral stages, including
cottonwood gallery forest. |

For locations in spring and summer, pallid sturgeon as a species, as well as the
majority of individual pallid sturgeon, had a statistically significant preference for reaches
with frequent islands, and avoided one or more categories of lesser or greater island
density. The reaches with frequent islands that were used most often by pallid sturgeon
were located primarily in the lower 20 km of the Yellowstone River. Although reaches
with frequent islands were found farther upstream, they may not have been used by pallid |
sturgeon because sand substrate is diminished in these reaches. In contrast, shovelnose
sturgeon were les.s specific with respect to use of island density categories. Because few
statistically significant results were obtained for the island density use versus availability
analysis less of a trend was evident for shovelnose sturgeon.

Because use of macrohabitats by pallid sturgeon was more specific and restrictive
than shovelnose sturgeon, features in these macrohabitats may be more important to
pallid sturgeon than to shovelnose sturgeon. Macrohabitats used by pallid sturgeon were
diverse and dynamic. For example, river reaches with sinuous channel patterns and
islands and alluvial bars generally have more diversity of depths, current velocities, and

substrates than do relatively straight channels without islands or alluvial bars. Diversity




153

of channel features such as backwaters and side chanﬁels is also higher. Subclimax
riparian vegetational seres are indicative pf a dynamic rivér channel and riparian zone
(Johnson 1993). Because pallid sturgeon did not prefer the higﬁést island density
categories or channel patterns with the highest sinuosity, factors such as substrates or
depths may limit pallid sturgeon use of these reaches.

Differences in macrohabitat use between pallid and shovelnose sturgeon may be
related to differences in spawning requirements of the two species. Hybrids have not
been documented in my study area, but they have been found in areas more impacted by
loss of habitat diversity (Carlson et al. 1985; Dryer and Sandvol 1993; Keenlyne et al.
1993). Therefore, loss of a diversity of macrohabitats may lead to hybridization via a loss
of habitat-related isolating mechanisms (Carlson et al. 1985).

Alternatively, or in addition to factors related to reproductive isolation, these
macrohabitats may provide a better food base for pallid sturgeon. Although the data are
limited, Carlson et al. (1985) report that the diet of pallid sturgeon includes more fish
(primarily cyprinids) than the diet of shovelnose sturgeon. Therefore, pallid sturgeon are
on a higher trophic level than the more insectivorous shovelnose sturgeon.

Ecological theory predicts that spatially heterogeneous habitats will support more
species than homogeneous habitats (Pianka 1988; Allan 1995), which has been
demonstrated for stream fish (Gorman and Karr' 1978). Thus, more diverse river
macrohabitats may support a more diverse fish comr.nuni’ty that in turn provides more

food for pallid sturgeon. Cyprinids such as flathead chub (Platygobio gracilis), sturgeon
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chub (Macrhybopsis gelida), 'and sicklefin chub (A meeki) are benthic fish that occur in .
the study area that are among the potential prey species for pallid sturgedn. Although
little-information on their life histories exists, it is likély that a diversity of habitat
features such as backwaters and side channels are beng:ﬁciél to production of these
cyprinid species (Werdon 1993 a; 1993b). Backwaters are particularly important habitats
for fish production; although backwaters may comprise only 10% of the habitat, they may
contain as much as 90% of the fish in a large river (Stalnak:er et al. 1§93).

Since pallid sturgéon feed at a higher trophic level_ than shovelnose sturgeon, they
. are paﬁ of a more complex food web, and may require more diverse habitats. Pisciyorous
fish are genera}ly more susceptible to habitat degradation and homogenization than fish at
lower trophic levels (Karr/ 1991). In contrast, the largely insectivorous shovelnose
sturgeon may find adequate food supplies in a variety of macrohabitait types, including
relatively simple habitgts. Thus, ;evéred links between trophic. levels via loss of diverse

riverine habitats may partially explain why pallid sturgeon have declined more than

shovelnose sturgeon.

Water chemistry

. . ¢
Water chemistry and temperatures at locations of the two species were similar.

Large rivers are éhemicall'y homogenous over moderate spatial scales, and are also not
thermally stratified due to turbulent mixing of the water column (Hynes 1970, Ryder and

N

Pesendorfer 1989). Therefore, over moderate spatial scales, it is not expected that pallid
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and shovelnose sturgeon select areas of widely divergent water chemistry and

temperature. However, diel and seasonal temperature fluctuations occur, as well as

seasonal changes in water physicochemical parameters such as turbidity and conductivity.

Therefore, any differences in water chemistry and temperatures measured at locations of
the two species are more likely a result of the temporal distribution of samples rather than
spatial segregation. Further, the large latitudinal range of these two species indicates that
-they are eurythefmal.

Daily water temperatures were lower significantly more tha;.n 50% of the time
from late May though late November, 1993 in the Upper Missouri River than in the
Yellowstone River. Flow regulation at Fort Peck dam flattens the hydrograph and
removes peak flows associated with spring runoff. Sediment load and suspended

sediment are higher in the Yellowstone River than in the Upper Missouri River, probably

because releases from Fort Peck dam are free of sediment.

Summary of Findings

The most conspicuous feature of habitatA use by pallid and shovelnose sturgeon in
this study area was the lack of use of the Upper Missouri River. Altered ecological
conditions on the Upper Missouri River resulting from the construction of Fort Peck dam
may explain the lack of use of this habitat and emphasize the importance of natural river

dynamic processes for these two species.
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Habitat use and movements of pallid and-shovelnose sturgeon were similar in
some respects but important differences were found. Variation among individuals with
respect to habitat use and movements of both species was also observed. Differences
between habitat use and movements of pallid and shovelnose stgfgeon in this study area
and as reported in other studies may be related to local conditions. Pallid sturgeon
preferred moderately diverse macrohabitat, sandy substrates and used gréater depths and
reaches with greater channel widths than shovelnose sturgeon. Shovelnose sturgeon used
a widér variety of macrohabitats, gravel and cobble substrates and lesser depths than
pallid sturgeon. Use of current velocities and water chemistry parameters were similar
for the two species. Movement patterns for pallid and shovelnose sturgeon were
different, but ranges of activity and movement rates were similar. Discharge and
photoperiod may be important environmental cues for the timing of movements for both
species. Because of the differences in habitat use and movhements between the two
species, adult shovelnose sturge?on appear to be of limited utility as an adult pallid

sturgeon surrogate.

Implications for Recovery

Large, free flowing, sandy, diverse and dynamic riverine habitats were most used
by paﬂid sturgeon. These habitats are provided for and maintained in a dynamic
equilibrium by physical processes in large, undammed rivers. The Yellowstone/Lower

Missouri River is the only river of this type remaining in the original range of the pallid
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sturgeon, and the lower 12 km of the Yellowstone River may provide spawning habitat
for pallid sturgeon. Hence, the Yellowstone/Lower Missouri River represents critical
habitat for pallid sturgeon and must be maintained in its present state. However, the
apparent lack of recruitment to this population suggests that this habitat alone may not be
sufficient for production of all life stages of pallid s’;urgeon.

The Upper Missouri River and Lake Sakakawea currently appear to be largely
unsuitable as habitat for pallid sturgeon. To recover the Upper Missouri River to
conditions capable of producing and sustaining pallid sturgeon it will be necessary to
restore the physical conditions and processes such as hydrology, thermal regime and
sediment dynamics that have been disrupted by Fort Peck dam. Also, because pallid
sturgeon showed a distinct preference f-or riverine over reservoir habitats, it is important
to maintain as much riverine habitat as possible. During this study, about 25 km of
riverine habitat was present downstreahl of the US Highway 85 bridge, which would be
innundated if Lake Sakakawea was at full pool. Maintaining the level of Lake
Sakakawea at a lower elevation would 'preserve this area as potential pallid sturgeon
habitat.

The long-range movements pallid sturgeon I observed coupled with the
insularization of their habitat lead to concerns within the framework of metapopulation
dynamics. Pallid sturgeon habitat along the entire'length of the Missouri and Mis’éissippi
rivers has been. fragmented by dams and perhaps by other habitat alterations such as

channelization. For example, the Pallid sturgeon Recovery Plan (Dryer and Sandvol
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1993) identifies six areas besides this study area where pallid sturgeon are frequently
found. All six of these areas are separated from gach other by dams, locks or channelized
reaches. Although it is not known if the historical population structure of pallid sturgeon
along the Mississippi and Missouri rivers was continuous, it is certain that the populgtion
has now beeﬁ fragmented, particularly on the Missouri River. Thus, my findings of long-
range movements lend support to tﬁle i.dea that connectivity between pallid sturgeon sub-

populations may need to be restored (Dryer and Sandvol 1993).




159

LITERATURE CITED




160

LITERATURE CITED

Apperson, K. A. and P. J. Anders. 1990. Kootenai River white sturgeon investigations
and experimental culture. Annual Progress Report FY 1989. U. S. Department of
Energy, Bonneville Power Administration. Portland, OR.

Allan, J. D. 1995. Stream ecology: Structure and function of running waters. Chapman
and Hall, London.

Backes, K. M., W. M. Gardner, D. Scarnecchia, and P. A. Stewart. 1994. Lower
Yellowstone River pallid sturgeon study IV and Missouri River pallid sturgeon
creel survey. Montana Department of Fish, Wildlife and Parks. Miles City.

Bailey, R. M., and F. B. Cross. 1954. River sturgeons of the American genus
Scaphirhynchus: Characters, distribution and synonomy. Papers of the Michigan
Academy of Science, Arts and Letters. 39:169-2009.

Barkinol, P. G. and W. C. Starret. 1951. Commercial and sport fishes of the Mississippi
River between Caruthersville, Missouri and Dubuque, Iowa. Illinois Natural
History Survey Bulletin 25(5):267-350.

Beckman, L. G. and J. H. Elrod. 1971. Apparent abundance and distribution of young-
of-the-year fishes in Lake Oahe, 1965-1969. American Fisheries Society Special
Publication Number 8:333-347.

Benke, A. C., T. C. Van Arsdall, Jr., D. M. Gillespie, and F. K. Parrish. 1984.
Invertebrate productivity of a subtropical blackwater river: the importance of
habitat and life history. Ecological Monographs 54(1): 25-63. :

Berra, T. M. An atlas of distribution of the freshwater fish families of the world.
University of Nebraska Press, Lincoln.

Berg, R. K. 1981. Fish populations of the wild and scenic Missouri River, Montana.
Federal Aid to Fish and Wildlife Restoration Project FW-3-R, Job 1-A. Montana
" Department of Fish, Wildlife, and Parks, Helena.

Birstein, V. J. 1993. Sturgeons and paddlefishes: Threatened fishes in need of
conservation. Conservation Biology 7(4):773-787.




161

Breder, C. M., Jr. And D. E.-Rosen. 1966. Modes of reproduction in fishes. The Natural
History Press. Garden City, New York.

Brown, C.J.D. 1955. A fecord—size pallid sturgeon, Scaphirhynéhus albus, from
Montana. Copeia 1955(1):55.

Brown, C.J. D. 1971. Fishes of Montana. Big Sky Books, Bozeman.

Buckley, J. and B. Kynard. 1985. Yearly movements of shortnose sturgeon in the
Connecticut River. Transactions of the American Fisheries Society 114:813-820.

Carlson, D. M. 1983. A description of larval sturgeon (Scaphirhynchus spp. and
Acipencer fillvescens) from the Central United States. Transactions of the
Missouri Academy of Science. 17:19-26.

Carlson, D. M., W. L. Pflieger, L. Trial, P. S. Haverland. 1985. Distribution, biology
and hybridization of Scaphirhynchus albus and Scaphirhynchus platorynchus in
the Missouri and Mississippi rivers. Environmental Biology of Fishes 14(1):51-
59.

Carlander, H. B. 1954. A history of fish and fishing in the upper Mississippi River.
Special publication, Upper Mississippi River Conservation Commission. Iowa
State University, Ames.

Chisolm, I. M. and W. A. Hubert. 1985. Expulsion of dummy transmitters by rainbow
trout. Transactions of the American Fisheries Society 114:766-767.

Christenson, L. M. 1975. The shovelnose sturgeon, Scaphirhynchus platorynchus
(Rafinesque) in the Red Cedar - Chippewa River system, Wisconsin. Wisconsin
Department of Natural Resources, Research Report No. 82. 23 pp.-

Clancey, P. 1990. Fort Peck pallid sturgeon study. Annual Report. Montana Fish,
Wildlife and Parks, Helena.

Clancey, P. 1991. Fort Peck pallid sturgeon study. Annual Report. Montana Fish,
Wildlife and Parks, Helena.

Cross, F. B. 1967. Handbook of fishes in Kansas. University of Kansas Museum of
Natural History Miscellaneous Publication Number 45, Lawrence.




162

Cross, F. B. And J. T. Collins. 1975. Fishes in Kansas. University of Kansas Museum
of Natural History, Lawrence.

Curtiss, G. L. 1990. Habitat use by shovelnose sturgeon in pool 13, upper Mississippi
River, Iowa. Master’s thesis. Iowa State University, Ames.

Dryer, M. P. and A. J. Sandvol. 1993. Pallid sturgeon recovery plan. U. S. Fish and
Wildlife Service, Bismarck, North Dakota. 55 pp.

Eddy, S. and T. Surber. 1947. Northern fishes. University of Minnesota Press,
Minneapolis.

Elser, A., A. B. McFarland and D. Schwer. 1977. The effect of altered streamflow on
fish in the Yellowstone and Tongue Rivers, Montana. Technical Report No. 8
Yellowstone Impact Study. Final Report to the Old West Regional Commission,
Montana Department of Natural Resources and Conservation. Helena. 180 pp.

Erickson, J. D. 1992. Habitat selection and movement of pallid sturgeon in Lake Sharpe,
South Dakota. Master’s thesis. South Dakota State University, Brookings.

Fisher, H. J. 1962. Some fishes of the Lower Missouri River. The American Midland
Naturalist 68(2):424-429.

Fogle, N. E. 1961a. Report of the fisheries investi'gations during the second year of
impoundment of Oahe Reservoir, South Dakota, 1959. Dingel-Johnson Project F-
1-R-9, Job 12-13-14. South Dakota Department of Game, Fish, and Parks,
Pierre.

Fogle, N. E. 1961b. Report of the fisheries investigations during the third year of
impoundment of Oahe Reservoir, South Dakota, 1960. Dingel-Johnson Project F-
1-R-10, Job 9-10-11-12. South Dakota Department of Game, Fish, and Parks,
Pierre. :

Fogle, N. E. 1963a. Report of the fisheries investigations during the fourth year of
impoundment of Oahe Reservoir, South Dakota, 1961. Dingel-Johnson Project F-
1-R-11, Job 10-12. South Dakota Department of Game, Fish, and Parks, Pierre.

Fogle, N. E. 1963b. Report of the fisheries investigations during the fifth year of
impoundment of Oahe Reservoir, South Dakota, 1962. Dingel-Johnson Project F-
1-R-12, Job 10-11-12. South Dakota Department of Game, Fish, and Parks,
Pierre. ‘




A

163

Forbes, S. A., and R. E. Richardson. 1905. On a new shovelnose sturgeon from the
Mississippi River. Bulletin of the Illinois State Laboratory of Natural History
7:35-47.

Fremling, C. R., J. L Rasmussen, R. E. Sparks, S. P. Cobb, C. F. Bryan, and T. O.
Claflin. 1989. Mississippi River fisheries: a case history. 309-351 in D. P. Dodge
(ed.) Proceedings of the International Large River Symposium. Special
Publication 106 Canadian Fisheries and Aquatic Sciences.

Gardner, W. M. and R. K. Berg. 1982. An analysis of the instream flow requirements for
selected fishes in the wild and scenic portion of the Missouri River. Unpublished
report. Montana Department of Fish, Wildlife, and Parks, Helena.

Gardner, W. M. and P. Stewart. 1987. The fishery of the Lower Missouri River,
Montana. Federal Aid to Fish and Wildlife Restoration, Project F-46-R-5, Study
Number 3. Montana Department of Fish, Wildlife, and Parks, Helena.

Gardner, W. M. 1994. Missouri River pallid sturgeon inventory. Project Number F-46-
R-7. Unpublished Report. Montana Department of Fish, Wildlife, and Parks,
Helena.

Gardner, W. M. 1995. The status of the pallid sturgeon population in the upper Missouri
River. 85-93 in Proceedings of the first joint meeting of the Montana/North
Dakota pallid workgroup and the fluvial arctic grayling workgroup. Montana
Department of Fish, Wildlife, and Parks, Helena.

Gilbraith, D. M., M. J. Schwalbach, and C. R. Berry. 1988. Preliminary report on the
status of the pallid sturgeon, Scaphirhynchus albus, a candidate endangered
species. Cooperative Fish and Wildlife Research Unit, Department of Wildlife
and Fisheries Sciences, South Dakota State University, Brookings, South Dakota.
Unpublished report.

Gorman, O. T., and J. R. Karr. 1978. Habitat structure and stream fish communities.
Ecology 59(3):507-515.

Haddix, M. H. and C. C. Estes. 1976. Lower Yellowstone River Fishery study. Final
Report, Montana Department of Fish, Wildlife, and Parks, Helena.

Hall, J. W., T. I. Smith, and S. D. Lamprecht. 1991. Movements and habitats of
shortnose sturgeon, Acipenser brevirostrum, in the Savannah River. Copeia
1991:695-702.




164

Haynes, J. M., R. H. Gray, and J. C. Montgomery. 1978. Seasonal movements of white
sturgeon (Acipenser transmontanus) in the Mid-Columbia River. Transactions of
the American Fisheries Society 107(2):275-280. .

Held, J. W. 1969. Some early summer foods of the shovelnose sturgeon in the Missouri
River. Transactions of the American Fisheries Society. 98:514-517.

Helms, D. 1974. Shovelnose sturgeon in the Mississippi River, Iowa. Iowa
Conservation Commission, Fisheries Research Technical Series 74-3, Des
Moines.

Henry, C. J. and R. Ruelle. 1992. A study of pallid sturgeon and shovelnose sturgeon
reproduction.

Hergenrader, G. L., L. G. Harrow, R. G. King, G. F. Cada, A. B. Schlesinger. 1982.
Larval fishes in the middle Missouri River and the effects of entrainment. Pages
185-224 in Hesse, L. W., G. L. Hergenrader, H. R. Lewis, S. D Reetz, A. B
Schlesinger, editors, The middle Missouri River: A collection of papers on the
biology with special reference to power station effects. The Middle Missouri
River Study Group, Norfolk, NE.

Hesse, L. W. 1987. Taming the wﬂd Missouri River: what has it cost? Fisheries
12(2):2-9.

Hesse, L. W., J. C, Schmulbach, J. M Carr, K. D Keenlyne, D. G. Unkenholz, J. W.
Robinson, and G. E. Mestl. 1989. Missouri River fishery resources in relation to
past, present, and future stresses. 352-371 in D. P. Dodge editor, Proceedings of
the International Large River Symposium. Special Publication 106 Canadian
Fisheries and Aquatic Sciences.

Hesse, L. W., and G. E. Mestl. 1993. An alternative hydrograph for the Missouri River
based on precontrol condition. North American Journal of Fisheries Management
13:360-366. ‘

Hesse, L. W., G. E. Mestl, and J. W. Robinson. 1993. Status of selected fishes in the
Missouri River in Nebraska with recommendations for their recovery. 327-340 in
L. W. Hesse, C. B. Stalnaker, N. G. Benson, and J. R. Zuboy editors, Proceeding
of the Symposium on Restoration Planning for the Rivers of the Mississippi River
Ecosystem. Biological Report 19. National Biological Survey, USDI,
Washington Deep Creek.




165

Hesse, L. W., and W. Sheets. 1993. The Missouri River hydrosystem. Fisheries 18(5):5-
14.

Hoopes, D. T. 1960. Utilization of mayflies and caddisflies by some Mississippi river
fishes. Transactions of the American Fisheries Society 89:32-34.

Hurley, S. T., W. A. Hubert, and J. G. Nickum. 1987. Habitats and movements of
shovelnose sturgeons in the upper Mississippi River. Transactions of the
American Fisheries Society 116:655-662.

Hynes, H. B. N. 1970. The ecology of running waters. University of Toronto Press.

Johnson, W. C. 1993. Divergent response of riparian vegetation to flow regulation on
the Missouri and Platte rivers. Pages 426-431 in L. W. Hesse, C. B. Stalnaker, N.
G. Benson, and J. R. Zuboy editors, Proceeding of the Symposium on Restoration
Planning for the Rivers of the Mississippi River Ecosystem. Biological Report
19. National Biological Survey, USDI, Washington DC.

Junk, W. J., P. B. Bailey and R. E. Sparks. 1989. The flood pulse concept in river-
floodplain systems, pages100-127 in D. P. Dodge editor, Proceedings of the
International Large River Symposium. Special Publication 106 Canadian
Fisheries and Aquatic Sciences.

Kallemeyn, L. W. 1983. Status of the pallid sturgeon (Scaphirhynchus albus). Fisheries
8(1):3-9.

Karr, J. R. 1991. Biological integrity: a long-neglected aspect of water resource
management. Ecological Applications 1(1):66-84.

Keenlyne, K. D. 1989. A report on the pallid sturgeon. U. S. Fish and Wildlife Service.
Pierre, South Dakota. Unpublished Report.

Keenlyne, K. D., C. J. Henry, A. Tews, and P. Clancey. 1994. Morphometric
comparisons of Upper Missouri River sturgeons. Transactions of the American
Fisheries Society 123:779-785.

Keenlyne, K. D., E. M. Grossman and L. G. Jenkins. 1992. Fecundity of the pallid
sturgeon. Transactions of the American Fisheries Society 121:139-140.

Keenlyne, K. D. and L. G. Jenkins. 1993. Age at sexual maturity of the pallid sturgeon.
Transactions of the American Fisheries Society 122:393-396.




166

Keenlyne, K. D. and S. J. Maxwell. 1993. Length conversions and length weight
relations for pallid sturgeon. North American Journal of Fisheries Management
13:395-397.

Kellerhals, R., M. Church, D. I. Bray. 1976. Classification and analysis of river
processes. Journal of Hydraulics Division. July 1976:813-829.

Kellerhals, R and M. Church. 1989. The morphology of large rivers: Characterization
and Management. Pages 31-48 in D. P. Dodge editor, Proceedings of the
International Large River Symposium. Special Publication 106 Canadian
Fisheries and Aquatic Sciences.

Kieffer, M. C. and B. Kynard. 1993. Annual movements of shortnose and Atlantic
sturgeons in the Mf_:’rrimack River, Massachusetts. Transactions of the American
Fisheries Society 122:1088-1103.

Koch, R., R. Curry, and M. Weber. .1977. The effect of altered streamflow on the
hydrology and geomorphology of the Yellowstone River basin, Montana.
Technical report 2, Montana Department of Natural Resources and Conservation,
Helena.

Kozel, D. J. 1974. The utilization of select habitats by immature and adult fishes in the
unchannelized Missouri River. Master’s thesis. University of South Dakota,
Vermillion.

Krentz, S. 1994. Observations and findings of the Missouri River fish and wildlife
assistance office. Unpublished Report. U. S. Fish and Wildlife Service, Missouri
River Fish and Wildlife Management Assistance Office. Bismarck, North
Dakota.

Latka, C., J. Nestler, L. W. Hesse. 1993. Restoring physical habitat in the Missouri
River: a historical perspective. Pages 350-359 in: L. W. Hesse, C. B. Stalnaker,
N. G. Benson, and J. R. Zuboy editors, Proceeding of the Symposium on
Restoration Planning for the Rivers of the Mississippi River Ecosystem.
Biological Report 19. National Biological Survey, USDI, Washington DC.

Lee, D. S., C. R. Gilbert, C. H. Hocutt, R. E. Jenkins, D. E. McAllister and J. R. Stauffer
Jr. 1980. Atlas of North American freshwater fishes. North Carolina State
Museum of Natural History, Raleigh.




- 167

Liebelt, J. 1995. Preliminary report: Fort Peck pallid sturgeon study - 1994. Pages 81-
84 in Proceedings of the first joint meeting of the Montana/North Dakota pallid

workgroup and the fluvial arctic grayling workgroup. Montana Department of
Fish, Wildlife, and Parks, Helena.

Marcum, C. L. and D. O. Loftsgaarden. 1980. A nonmapping technique for studying
habitat preferences. Journal of Wildlife Management. 44:963-968.

Marty, G. D. and R. C. Summerfelt. 1986. Pathways and mechanisms for expulsion of
surgically implanted dummy transmitters from channel catfish. Transactions of
the American Fisheries Society 115:577-589.

McCleave, J. D., S. M. Fried, and A. K. Towt. 1977. Daily movements of shortnose
sturgeon, Acipenser brevirostrum, in a Maine estuary. Copeia 1977:149-157.

Modde, T. and J. C. Schmulbach. 1977. Food and feeding behavior of the shovelnose
sturgeon, Scaphirhynchus platorynchus, in the unchannelized Missouri River,
South Dakota. Transactions of the American Fisheries Society 116:655-662.

Moos, R. E. 1978. Movement and reproduction of shovelnose sturgeon Scaphirﬁynchus
platorynchus, in the Missouri River, South Dakota. Ph. D. dissertation.
University of South Dakota, Vermillion.

Moser, M. L. and S. W. Ross. 1995. Habitat use and movements of shortnose and
Atlantic sturgeons in the lower Cape Fear River, North Carolina. Transactions of
the American Fisheries Society 124:225-234.

Moyle, P. B. and J. J. Cech. 1982. Fishes: An introduction to ichthyology. Prentice-
Hall, Englewood Cliffs, New Jersey.

Neter, J. W. Wasserman and G. A. Whitmore. 1993. Applied statistics. Allyn and
Bacon, Boston.

Neu, C. W., C. R Beyers, J. M Peek, and V. Boy. 1974. A technique for analysis of
utilization-availability data. Journal of Wildlife Management 38:541-545.

Parsley, M. J., L. G. Beckman and G. T. McCabe Jr. 1993. Spawning and rearing habitat
use by white sturgeons in the Columbia River downstream from McNary Dam.
Transactions of the American Fisheries Society. 122:217-227.




168

Peterman, L. G. and M. J. Haddix. 1975. Lower Yellowstone River Fishery Study
Progress Report No. 1. Montana Department of Fish, Wildlife, and Parks,
Helena. .

Pflieger, W. L. 1975. The fishés of Missouri. Missouri Department of Conservation.

Pflieger, W. L., and T. B. Grace. 1987. Changes in the fish fauna of the lower Missouri
River, 1940-1983. Pages 166-177 in W. J., Matthews and D. C. Heins, editors
Community and evolutionary ecology of North American stream fishes.
University of Oklahoma Press, Norman.

Phelps, S. R. and F. W. Allendorf. 1983. Genetic identity of pallid and shovelnose
sturgeon. Copeia 1983:696-700.

Pianka, E. R. Evolutionary ecology. Harper and Row, New York.

Rehwinkel, B. J. 1978. Powder River Aquatic Ecology Project, Final Report, July 1,
1975 - June 30, 1978. Montana Department of Fish, Wildlife, and Parks, Helena.

Rochard, E., G. Castlenaud, and M. Lepage. 1990. Sturgeon (Pisces: Acipenseridae);
threats and prospects. Journal of Fish Biology. 37(Supplement A):123-132.

Ross, M. J. 1982. Shielded-needle technique for surgically implanting radio-frequency
transmitters in fish. Progressive Fish-Culturist 44(1):41-43.

Ruelle, R. and K. D. Keenlyne. 1993. Contaminants in Missouri River pallid sturgeon.
Bulletin of Environmental Contamination and Toxicology. 50:898-906.

Ryder, R. A., and J. Pesendorfer. 1989. Large rivers are more than flowing lakes: a
comparative review. Pages 65-85 in D. P. Dodge editors, Proceedings of the
International Large River Symposium. Special Publication 106 Canadian
Fisheries and Aquatic Sciences.

- Schmulbach, J. C. 1974. An ecological study of the Missouri River prior to .
channelization. Completion Report, Project B-024-S. University of South
Dakota, Vermillion. 34 pp. -

Schmulbach, J. C., G. Gould, and C. L. Groen. 1975. Relative abundance and
distribution fishes in the Missouri River, Gavin’s Point Dam to Rulo, Nebraska.
Proceedings of the South Dakota Academy of Science 54:194-222.




169

Seibel, D. A. and B. Kynard. 1992. Habitat selection, movements, and response to
illumination by shortnose sturgeon in the Connect1cut River. Unpublished
manuscnpt

Smith, P. W. 1979. Fishes of Illinois. University of Illinois Press, Urbana.

Snyder, D. E. 1994. Morphological development and identification of pallid,
shovelnose, and hybrid sturgeon larvae. Contribution No. 71. Larval Fish
Laboratory, Colorado State University. Fort Collins. 46 pp.

Stalnaker, C. B., R. T. Milhous, and K.-D. Bovee. 1989. Hydrology and hydraulics
applied to fishery management in large rivers. ir D. P. Dodge (ed.) Proceedings
of the International Large River Symposium. Special Publication 106 Canadian
Fisheries and Aquatic Sciences.

Strasko, A. B. and D. G. Pincock. 1977. Review of underwater biotelemetry, with
emphasis on ultrasonic techniques. Journal of Fisheries Research Board of
Canada. 34:1261-1285.

Stewart, P. A. 1995. Effect of intake diversion dam on the pallid and shovelnose
sturgeon in the lower Yellowstone River. Pages 94-99 in Proceedings of the first .
joint meeting of the Montana/North Dakota pallid workgroup and the fluvial
arctic grayling workgroup. Montana Department of Fish, Wildlife, and Parks,
Helena.

Summerfelt, R. C. and D. Mosier. 1984. Transintestinal expulsion of surgically
implanted dummy transmitters by channel catfish. Transactions of the American
Fisheries Society 113:760-766.

Tews, A. 1994. Pallid sturgeon and shovelnose sturgeon in the Missouri River from Fort
Peck Dam to Lake Sakakawea in the Yellowstone from Intake to its mouth. Final
report. Montana Department of Fish, Wildlife, and Parks, Helena. ‘

Tyus, H. M. 1990. Potamodromy and reproduction of Colorado squawfish in the Green
River Basin, Colorado and Utah. Transactions of the American Fisheries Society
119:1035-1047.

Tyus, H. M. 1988. Long-term retention of implanted transmitters in Colorado squawfish
and razorback sucker. North Amencan Journal of Flsherles Management 8:264-
267

U. S. Geological Survey. 1991-1994. Water resources data, Montana, water years 1991-
1994. Geological Survey Water-Data Reports, Helena.




170

U. 8. Navy. 1977. Sunrise and sunset tables for key cities and weather stations of the
United States. US Naval Observatory Nautical Almanac Office, Detroit. Gale
Research Co.

Vamnote, R. L., G. W. Minshall, K. W. Cummins, J. R. Sedell, and C. E. Cushing. 1980.
The river continuum concept. Canadian Journal of Fisheries and Aquatic Science
37:130-137.

Ward, J. V., and J. A. Stanford, 1983. The serial discontinuity concept of lotic
ecosystems. Pages 29-42 in T. D. Fontaine and S. M. Bartell editors, Dynamics
of lotic ecosystems. Ann Arbor Science Publications, Ann Arbor, MI.

Ward, J. V., and J. A. Stanford, 1989. Riverine ecosystems: the influence of man on
catchment dynamics and fish ecology. Pages 56-64 in D. P. Dodge (ed.)
Proceedings of the International Large River Symposium. Special Publication 106
Canadian Fisheries and Aquatic Sciences.

Watson, J. H., and P. A. Stewart. 1991. Lower Yellowstone River pallid sturgeon study.
Unpubhshed report. Montana Department of Fish, Wildlife, and Parks, Miles

City.

Werdon, S. J. 1993a. Status report on the sicklefin chub (Macrhybopsis meeki), a
candidate endangered species. U. S. Fish and Wildlife Service, Bismarck, North
Dakota. 41 pages.

Werdon, S.J. 1993b. Status report on sturgeon chub (Macrhybopsis gelida), a candidate
endangered species. U. S. Fish and Wildlife Service, Bismarck, North Dakota. 58

pages.

White, G. C. and R. A. Garrot. 1990. Analysis of wildlife radio-tracking data.
Academic Press, Inc. San Diego.

White R. G. and R. G. Bramblett. 1993. The Yellowstone River: Its fish and fisheries.
Pages 396-414 in: L. W. Hesse, C. B.-Stalnaker, N. G. Benson, and J. R. Zuboy
editors, Proceeding of the Symposium on Restoration Planning for the Rivers of
the Mississippi River Ecosystem. Biological Report 19. National Biological
Survey, USDI, Washington DC. ;

Williams, J. D. and G. H. Clemmer. 1991. Scaphirhynchus suttkusi, a new sturgeon
(Pisces: Acipenseridae) from the Mobil Basin of Alabama and Mississippi.
Bulletin of the Alabama Museum of Natural History 10:17-31.




171

Winter, J. D. 1983.. Underwater telemetry. Pages 371-396 in L. A. Nielson and D. L

Johnson, editors. Fisheries Techniques. American Fisheries Society, Bethesda,
MD.

Wooley, C. M. and E. J. Crateau. 1985. Movement, microhabitat, exploitation, and
management of Gulf of Mexico sturgeon, Apalachicola River, Florida. North
American Journal of Fisheries Management 5:590-605.




172

APPENDIX




173

Table 32. Summary of models of individual pallid sturgeon locations (river km) with

discharge as the dependent variable in the Yellowstone and Missouri rivers in Montana
and North Dakota, 1992-1994. YS = Yellowstone River, UM = Upper Missouri River;
LM = Lower Missouri River.

Frequency Parameter Estimate P Parameter” r P Model
49.830 Intercept 6.3395 0.9655 0.0001
"Flow YS 0.0001 0.0008

Flow UM
Flow LM -0.0761 0.0001

49.030 Intercept -11.1352 . 0.9174 0.0001
Flow YS 0.0184 0.0001
Flow UM ]
Flow LM -0.0334 0.0001

49.070 Intercept 12.9879 0.8784 0.0002
Flow YS 0.0102 0.0001
Flow UM
Flow LM -0.1228 0.0082

49.370 Intercept -14.4350 0.8219 0.0001
Flow YS 0.0501 0.0012
Flow UM )
Flow LM -0.0452 0.0001

49.020 Intercept 35.9649 0.8136 0.0001
Flow YS -0.0241 0.0008
Flow UM .
Flow LM -0.1663 0.0001

49.810 Intercept 13.0259 0.8127 0.0001
Flow YS -0.0071 0.0004
Flow UM
Flow LM -0.0778 0.0001

49.870 Intercept 340.0482 0.7383 0.0014
Flow YS :
Flow UM -0.3146 0.0014

Flow LM




Table 32. Continued...
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Frequency Parameter Estimate P Parameter” r P Model
49.050 Intercept -6.6757 . 0.6963 0.0001
Flow YS 0.0131 0.0001
' Flow UM
Flow LM -0.0278 0.0001 .
49.680 Intercept -15.9511 0.6855 0.0001
Flow YS 0.0222 0.0001
Flow UM
Flow LM -0.0257 0.0001
49.130 Intercept 40.8722 0.6738 0.0001
Flow YS -0.0278 0.3 829»
Flow UM . '
Flow LM -0.1106 0.0001
49.350 Intercept 19.8321 ] 0.6528 0.0018
Flow YS -0.0141 0.6624
Flow UM
Flow LM -0.0636 0.0005
49.650 Intercept -17.3635 0.6453 0.0001
Flow YS 0.0382 0.001
Flow UM 0.02309 . 0.1096
Flow LM -0.0304 0.0001
49.630 Intercept 84.5726 0.6293 0.0001
Flow YS -0.1250 0.0015
Flow UM
Flow LM~ -0.1291 0.0001
49.100 Intercept ;66.7469 0.6078 0.0001 -
‘ Flow YS 0.0818 0.0001
Flow UM
Flow LM . -0.0552 0.0001
49.712 Intercept -24.6091 : 0.5925 0.0005
Flow YS 0.0533 0:0011 '
Flow UM
0.0071

Flow LM

-0.0379
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P Modei

Frequency Parameter Estimate P Parameter” r

48.580 " Intercept 24.8312 0.5243 00116
Flow YS 0.04169
Flow UM
Flow LM -0.0440 0.2582

49.850 Intercept 44.6641 0.4167 0.0396
Flow YS -0.0040 0.3872 ‘
Flow UM 0.0778 0.2802
Flow LM -0.1009 0.0101

49.170 Intercept -7.6672 0.3275 0.0281
Flow YS 0.0089 0.0294
Flow UM
Flow LM -0.0096 0.0921

* P-values are included as descriptive measures of apparént importahce of predictors of river km location.
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Table 33. Summary of models of individual shovelnose sturgeon locations (river km)
with discharge as the dependent variable in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994. YS = Yellowstone River; UM = Upper Missouri |
River; LM = Lower Missouri River. ‘
Frequency Parameter Estimate P Parameter” g . P Model
48280 Intercept  57.6741 0.9046 0.0001
Flow YS -0.0598 0.0014
Flow UM 0.8409 0.0001
Flow LM
48.550 Intercept 115.6034 0.8518 0.0001 1 |
Flow YS -0.1024 0.0001
Flow UM . i
Flow LM .
48.340 . Intercept 87.4615 0.8470 0..0001 Z
Flow YS -0.1202 0.0001 é
Flow UM ‘
Flow LM
48.300 Intercept 53.9876 0.8100 0.0001
Flow YS -0.0545 0.0001 t
Flow UM I
L,
Flow LM It
48.380 Intercept 67.9794 0.7460 0.0001
Flow YS . -0.0758 0.0001 - |
Flow UM
Flow LM :
48.590 Intercept - 109.6311 0.7260 0.0001 |
Flow YS -0.0851 0.0001
Flow UM
Flow LM
48.680 Intercept -19.0288 0.6530 0.0001
Flow YS 0.2765 0.0001
Flow UM
Flow LM -0.2112 0.0722
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Frequency Parameter Estimate P Parameter” r P Model

48.580 Tntercept " 24,8312 0.5243 0.001
Flow YS 0.0417 0.0049
Flow UM
Flow LM -0.0440 0.2582

48.940 Intercept 49.9168 0.4941 0.0001
Flow YS 0.0414 0.0002
Flow UM .
Flow LM -0.2033 0.0001

48.660 Intercept 38.7259 0.3810 0.0065
Flow YS 0.0420 0.1269
Flow UM
Flow LM -0.2007 0.0041

48.880 Intercept 115.2167 0.3629 0.0049
Flow YS -0.0043 0.0049
Flow UM
Flow LM

48.860 Intercept 102.0889 0.2793 ~0.0003
Flow YS -0.0212 0.0003
Flow UM
Flow LM

* P-values are included as descfiptive measures of appafenf hﬁportance of predictors of river km location.
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Table 34. Summary of models of individual pallid sturgeon locations (river km) with -
photoperiod as the dependent variable in the YeHowstone and Missouri rivers in Montana
and North Dakota, 1992-1994.

Frequency Parameter Estimate P model” ‘ r

48,562 Tntercept T 26205714 0.8696
Photoperiod -1629328  0.0067

48.580 - Intercept -245.3105 0.7704
Photoperiod 16.3709 0.0001

49.810 Intercept 1-60.9048 0.7301
Photoperiod 4.2983 0.0001

49.070 Intercept -104.7537 0.7162
Photoperiod 7.8461 0.0010

49.020 Intercept -85.4487 ' 0.6811
Photoperiod 6.4347 0.0001

49.170 Intercept -62.9181 0.6345
Photoperiod 4.0661 0.0001

49.680 Intercept 677128 0.6122
Photoperiod . 4.3081 0.0001

49.830 Tntercept ~140.3068 ' 0.5591
Photoperiod ' 9.3348 0.0129

49.050 Intercept -42.8311 0.5526
Photoperiod 2.9789 0.0001

49.870 ‘ Intercept 430.4658 ' 0.4812
Photoperiod -10.8220 0.0261

49.712 Intercept -67.9483 0.4395
Photoperiod 4.5872 0.0014

49.030 : Intercept -81.1614 0.3911
Photoperiod 52258 0.0001

49.650 Intercept -52.5973 0.3887

Photoperiod 3.3023 0.0002




Table 34. Continued...

179

Frequency Parameter Estimate P model® P
49.630 Tntercept -86.3660 0.2892
Photoperiod 7.2503 0.0056
49.130 Intercept -63.9968 0.2194
Photoperiod 5.3939 0.0158
49.100 Intercept -128.2188 0.1468
Photoperiod 6.2393 0.0066

* P-values are included as descriptive measures of épparent importance of predictors of river km location.
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Table 35. Summary of models of individual shovelnose sturgeon locations (river km)
with photoperiod as the dependent variable in the Yellowstone and Missouri rivers in
Montana and North Dakota, 1992-1994.
Frequency Parameter Estimate P model® r
48.590 Tntercept 676.6348 0.8884
Photoperiod -41.0708 0.0001
48.640 Intercept 70.3922 0.7838
"~ Photoperiod 2.6916 0.0001 |
48.280 Intercept 489.9956 0.7754 I
Photoperiod -28.9324 0.0001 :
48.940 Intercept -158.6374 0.7224
Photoperiod 15.5886 0.0001
48.550 Intercept 261.5455 0.6625
Photoperiod -15.0191 0.0002 ‘
.
48.600 Intercept 89.5538 0.5925 ‘
Photoperiod 1.4793 0.0430
48.840 Intercept -237.4842 0.4968
Photoperiod 21.6594 0.0023 |
48.660 Intercept - -62.3809 0.4766
Photoperiod 8.4612 0.0002
48.860 Intercept 140.3791 0.4017 j
Photoperiod -3.4246 0.0001
48.620 Intercept -21.5770 0.3068
Photoperiod 6.1979 0.0041 “
48.900 Intercept 31.7595 0.1298
Photoperiod 4.0594 0.0224
* P-values are included as descriptive measures of apparent importance of predictors of river km location.
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Table 36. Summary of models of individual pallid sturgeon locations (river km) with
discharge and photoperiod as the dependent variables in the Yellowstone and Missouri
rivers in Montana and North Dakota ,992-1994. YS = Yellowstone River; UM = Upper
Missouri River; LM = Lower Missouri River.

p
Frequency Parameter  Estimate Parameter”® r* P Model

49.830 Intercept -26.2175 0.9705 0.0‘O-Ol
Photoperiod 2.2859 0.0001
Flow YS -0.0036 0.0023
Flow LM -0.0692 0.0003
Flow UM

49.030 Intercept -31.1872 0.9346 0.0001
Photoperiod 1.6626 0.0001
Flow YS 0.0119 0.0164
Flow LM -0.0319 0.0001
Flow UM

48.562 Intercept 3149.3078 0.9078 0.0280
Photoperiod -193.6969 0.0130
Flow YS -0.0747 0.3462
Flow LM
Flow UM

49.130 Intercept -70.8851 0.8856 0.0001
Photoperiod 9.8036 0.0001
Flow YS -0.0740 0.0001
Flow LM -0.0680 0.0001
Flow UM

49.070 Intercept -3.1234 ) 0.8827 0.0012
Photoperiod 1.4278 0.0003
Flow YS 0.0032 0.2087
Flow LM -0.1146 0.0254

' Flow UM

49.370 Intercept -23.9987 . 0.8438 0.0001
Photoperiod 0.9033 0.0004
Flow YS 0.0435 ~ 0.0902 ’
Flow LM -0.0442 " 0.0001

Flow UM
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p
Frequency Parameter Estimate Parameter” r P Model
48.580 Intercept -351.2286 0.8327 0.0001
Photoperiod 25.2752 0.0001
Flow YS -0.0399 0.0715
Flow LM -0.0084 0.7349
Flow UM
49.810 Intercept .-40.8029 0.8261 0.0001
Photoperiod 3.7886 0.0001
Flow YS -0.0132 0.0065
Flow LM -0.0292 0.5014
Flow UM
49.020 Intercept 19.8259 0.8139 0.0001
Photoperiod 1.0987 0.0001
Flow YS -0.0253 0.0121
Flow LM -0.1487 0.2131
Flow UM
49.680 Intercept -45.2498 0.7821 0.0001
Photoperiod 2.5878 0.0001 '
Flow YS 0.0090 0.1145
Flow LM -0.0120 0.0001
Flow UM
49.870 Intercept 274.71077 0.7734 0.0055
Photoperiod 6.7662 0.0062
Flow YS
Flow LM
Flow UM -0.4578 0.0198
49.050 Intercept -26.8210 0.7660 0.0001
Photoperiod 1.9655 0.0001 '
Flow YS 0.0017 0.8867
Flow LM -0.0235 0.0001

Flow UM
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Frequency Parameter Estimate Pararlrale’cera r P Model
49.170 Intercept -75.1469 ) 0.7313 " 0.0001
Photoperiod 54154 0.0001
Flow YS -0.0093 0.0485
Flow LM -0.0046 0.2218
Flow UM
49.350 Intercept -8.0533 0.7026 0.0031
Photoperiod 1.9872 0.0222
Flow YS -0.0191 0.5623
Flow LM -0.0584 0.0012
Flow UM
49.650 Intercept -31.9931 0.6799 0.0001
Photoperiod 1.2531 0.0001
Flow YS 0.0296 0.1044
Flow LM -0.0262 0.0002
Flow UM 0.0127 0.5760
49.630 Intercept -4.8591 0.6420 0.0001.
Photoperiod 5.7454 0.0005
Flow YS -0.1263 0.0002
Flow LM -0.0479 0.6289
Flow UM
49.100 Intercept - -63.6713 0.6080 0.0001
Photoperiod -0.2605 0.0002
Flow YS 0.0830 0.0181
Flow LM ~-0.0554 .0.0001
Flow UM
49.712 Intercept -37.2640 0.5991 0.0018
Photoperiod 1.0080 0.0007
Flow YS 0.0480 0.0632
Flow LM 0.0302 0.1419
Flow UM

* P-values are included as descriptii}e measures of apparent importance of predictors of river km location.
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Table 37, Summary of models of individual shovelnose sturgeon lo¢ations (river km)
with discharge and photoperiod as the dependent variables in the Yellowstone and

Missouri rivers in Montana and North Dakota , 1992-1994. YS = Yellowstone River;
UM = Upper Missouri River; LM = Lower Missouri River.

P
Frequené:y Parameter Estimate Parameter” g P Model
48.280 Intercept 233.4420 0.9566 a 0.(/)001
Photoperiod -11.8690 0.0001
Flow YS , -0:0380 0.2218
Flow LM
Flow UM 0.5990 0.0001
48.340 Intercept 567.9087 0.9228 0.00i()l
Photopériod -30.4603 0.0275 )
Flow YS -0.1231 0.0001
Flow LM ‘
Flow UM
48.940 Intercept -141.5530 0.9071 0.0001°
' Photopetiod 16.3615 0.0001 '
Flow YS -0.0394 0.0003
Flow LM -0.1469 0.0001
Flow UM
48.590 Intercept 615.5848 " 0.8918 0.0001
Photoperiod -36.4979 0.0001 ' \
Flow YS -0.0120 0.5979
Flow LM '
Flow UM i}
48.550 Intercept 151.3812 . 0.8621 0.0001
Photoperiod -3.2582 0.0001
Flow YS -0.0863 0.0013
Flow LM ) .
Flow UM
48.380 Intercept 425.3623 0.8529 0.0001 -
Photoperiod -22.5683 0.1970
Flow YS -0.0810 0.0001
FlowLM ‘

Flow UM
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Frequency Parameter Estimate Pararlzetera g P Model
48300 Tntercept 682170 0.8138 ~0.0001
Photoperiod -0.9560 0.0034
Flow YS -0.0530 0.0001
Flow LM
Flow UM
48.680 Intercept -96.3097 0.7913 0.0001
Photoperiod 8.4570 0.0001
Flow YS " 0.1553 0.0085
Flow LM -0.2003 0.0361
Flow UM
48.640 Intercept 70.1502 0.7842 0.0001
Photoperiod 2.7323 0.0001
Flow YS -0.0009 0.8377
Flow LM
Flow UM
48.660 Intercept -60.1263 0.7798 0.0001
Photoperiod 10.0010 0.0001
Flow YS -0.0510 0.0581
Flow LM -0.1848 0.0001
Flow UM
48.820 Intercept -353.2371 0.7559 0.0294
Photoperiod 26.8367 0.8544
Flow YS 0.0818 0.0111
Flow LM
Flow UM
48.840 Intercept -308.7204 0.6698 0.0007
Photoperiod 27.0151 0.0007
Flow YS -0.0280 0.0216
Flow LM

Flow UM
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- P
Frequency Parameter Estimate Parameter® r? P Model
43880 Intercept 94.6273 0.5709 0.0008
Photoperiod 1.3982 0.7163
Flow YS -0.0072 0.0002
Flow LM
Flow UM
48.860 Intercept 134.3010 0.4273 0.0001
Photoperiod -2.7049 0.0001
Flow YS -0.0083 0.1891
Flow LM
Flow UM
48.900 Intercept -2.4809 0.4062 0.0001
Photoperiod 8.0979 0.0072 '
Flow YS -0.0463 0.0002
Flow LM
Flow UM
48.620 Intercept -25.7874 0.3110 0.0166
Photoperiod 6.8506 0.0049
Flow YS -0.0135 0.7178
Flow LM
Flow UM

* P-values are included as descriptive measures of apparent importance of predictors of river km location.
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Figure 35. Movements of shovelnose sturgeon 48.280 in the Yellowstone and Missouri
rivers in Montana and North Dakota during 1992-1994. Negative river kilometers are in
the Lower Missouri River, positive river kilometers are in the Yellowstone River. Square

symbols indicate locations in the Upper Missouri River.
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Figure 36. Movements of shovelnose sturgeon 48.300 during 1994 in the Yellowstone
River, Montana and North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone River.
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Figure 37. Movements of shovelnose sturgeon 48.320 during 1994 in the Yellowstone
and Missouri Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River. Square
symbols indicate locations in the Upper Missouri River.

120 .
100 -

-20 -
_40 -
60 -

Figure 38. Movements of shovelnose sturgeon 48.340 during 1994 in the Yellowstone
River, Montana and North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone River.
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Figure 39. Movements of shovelnose sturgeon 48.360 during 1994 in the Yellowstone
River, Montana and North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone River.
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Figure 40. Movements of shovelnose sturgeon 48.380 during 1994 in the Yellowstone
River, Montana and North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone River.



190

120 .
100 -

-20 -
40 -
-60 -

1992 1993
Date

Figure 41. Movements of pallid sturgeon 48.520 during 1992-1993 in the Missouri
River, North Dakota. Negative river kilometers are in the Lower Missouri River, positive
river kilometers are in the Yellowstone River.
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Figure 42. Movements of pallid sturgeon 48.540 during 1992-1993 in the Missouri
River, North Dakota. Negative river kilometers are in the Lower Missouri River, positive
river kilometers are in the Yellowstone River.
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Figure 43. Movements of shovelnose sturgeon 48.550 during 1993-1994 in the
Yellowstone River, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 44. Movements of pallid sturgeon 48.562 during 1994 in the Yellowstone River,
Montana and North Dakota. Negative river kilometers are in the Lower Missouri River,
positive river kilometers are in the Yellowstone River.
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Figure 45. Movements of pallid sturgeon 48.570 during 1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 46. Movements of pallid sturgeon 48.580 during 1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 47. Movements of shovelnose sturgeon 48.590 during 1993 in the Yellowstone
River, Montana and North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone River.
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Figure 48. Movements of shovelnose sturgeon 48.600 during 1991-1992 in the
Yellowstone River, Montana. Negative river kilometers are in the Lower Missouri River,
positive river kilometers are in the Yellowstone River.
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Figure 49. Movements of shovelnose sturgeon 48.620 during 1991-1993 in the
Yellowstone River, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 50. Movements of shovelnose sturgeon 48.640 during 1991-1992 in the
Yellowstone River, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 51. Movements of shovelnose sturgeon 48.660 during 1991-1993 in the Missouri
and Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 52. Movements of shovelnose sturgeon 48.680 during 1991-1993 in the Missouri
and Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 53. Movements of shovelnose sturgeon 48.760 during 1991-1993 in the Missouri
and Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 54. Movements of shovelnose sturgeon 48.820 during 1992 Yellowstone River,
Montana. Negative river kilometers are in the Lower Missouri River, positive river
kilometers are in the Yellowstone River.
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Figure 55. Movements of shovelnose sturgeon 48.840 during 1992 in the Yellowstone
River, Montana. Negative river kilometers are in the Lower Missouri River, positive
river kilometers are in the Yellowstone River.
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Figure 56. Movements of shovelnose sturgeon 48.860 during 1992-1993 in the
Yellowstone River, Montana. Negative river kilometers are in the Lower Missouri River,
positive river kilometers are in the Yellowstone River.
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Figure 57. Movements of shovelnose sturgeon 48.880 during 1992 in the Yellowstone
River, Montana. Negative river kilometers are in the Lower Missouri River, positive
river kilometers are in the Yellowstone River.
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Figure 58. Movements of shovelnose sturgeon 48.900 during 1992-1993 in the
Yellowstone River, Montana. Negative river kilometers are in the Lower Missouri River,

positive river kilometers are in the Yellowstone River.
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Figure 59. Movements of shovelnose sturgeon 48.920 during 1992 in the Yellowstone
River, Montana. Negative river kilometers are in the Lower Missouri River, positive
river kilometers are in the Yellowstone River.
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Figure 60. Movements of shovelnose sturgeon 940 during 1992 in the Yellowstone
River, Montana. Negative river kilometers are in the Lower Missouri River, positive
river kilometers are in the Yellowstone River.
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Figure 61. Movements of pallid sturgeon 49.020 during 1992-1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 62. Movements of pallid sturgeon 49.030 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.



201

120 -
100

-20 -
40 -
-60 -

1992 1993
Date

Figure 63. Movements of pallid sturgeon 49.050 during 1992-1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 64. Movements of pallid sturgeon 49.070 during 1992-1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 65. Movements of pallid sturgeon 49.100 during 1992-1994 in the Missouri and
Yellowstone Rivers, North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone River.
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Figure 66. Movements of pallid sturgeon 49.130 during 1992-1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 67. Movements of pallid sturgeon 49.170 during 1992-1993 in the Missouri and
Yellowstone Rivers, North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone River.
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Figure 68. Movements of pallid sturgeon 49.240 during 1991-1993 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone or Upper
Missouri River. Square symbols indicate locations in the Upper Missouri River.
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Figure 69. Movements of pallid sturgeon 49.350 during 1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 70. Movements of pallid sturgeon 49.370 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 71. Movements of pallid sturgeon 49.630 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 72. Movements of pallid sturgeon 49.650 during 1993-1994 in the Missouri and
Yellowstone Rivers, North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone or Upper Missouri River. Square
symbols indicate locations in the Upper Missouri River.
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Figure 73. Movements of pallid sturgeon 49.670 during 1993 in the Missouri and
Yellowstone Rivers, North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone River.
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Figure 74. Movements of pallid sturgeon 49.680 in the Yellowstone and Lower Missouri
rivers in Montana and North Dakota, 1992-1994. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 75. Movements of shovelnose sturgeon 49.710 during 1993-1994 in the Missouri
and Yellowstone Rivers, North Dakota. Negative river kilometers are in the Lower
Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 76. Movements of pallid sturgeon 49.712 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 77. Movements of shovelnose sturgeon 49.790 during 1993-1994 in the Missouri
River, North Dakota. Negative river kilometers are in the Lower Missouri River, positive
river kilometers are in the Yellowstone River.
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Figure 78. Movements of pallid sturgeon 49.810 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone River.
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Figure 79. Movements of pallid sturgeon 49.830 during 1993 in the Missouri and
Yellowstone Rivers, North Dakota. Negative river kilometers are in the Lower Missouri
River, positive river kilometers are in the Yellowstone River.
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Figure 80. Movements of pallid sturgeon 49.850 during 1993-1994 in the Missouri and
Yellowstone Rivers, Montana and North Dakota. Negative river kilometers are in the
Lower Missouri River, positive river kilometers are in the Yellowstone or Upper
Missouri River. Square symbols indicate locations in the Upper Missouri River.
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Figure 81. Movements of pallid sturgeon 49.870 during 1993 in the Upper Missouri
River, Montana.
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Figure 82. Movements of shovelnose sturgeon 3335 during 1991-1992 in the Upper
Missouri River, Montana.
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