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PREFACE

This report is one of a series of reports prepared for the Alaska Power
Authority (APA) by the Alaska Department of Fish and Game (ADF&G) to
provide information to be used in evaluating the feasibility of the
proposed Susitna Hydroelectric Project. The ADF&G Susitna Hydro Aquatic
Studies program was initiated in November 1980. The five year study
program was divided into three study sections: Adult Anadromous Fish
Studies (AA), Resident and Juveniie Anadromous Studies (RJ), and Aquatic
Habitat and Instream Flow Studies (AH). Reports prepared by the ADF&G
prior to 1983 on this subject are available from the APA.

Beginning with the 1983 reports, all reports were sequentially numbered
as part of the Alaska Department of Fish and Game Susitna Hydro Aquatic

Studies Report Series.

TITLES IN THE ADF&G REPORT SERIES

Report Publication
Number Title Date
{ Adult Anadromous Fish Investigations: April 1984

May - October 1983

2 Resident and Juvenile Anadromous Fish July 1984
Investigations: May - October 1983

3 Aquatic Habitat and Instream Flow Sept. 1984
Investigations: May - October 1983

4 Access and Transmission Corridor Aquatic Sept. 1984
Investigations: May - October 1983

5 Winter Aquatic Investigations: March 1985
September, 1983 - May, 1984
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This report provides results of the 1983-1984 winter studies conducted
by the ADF&G to evaluate and compare existing chum salmon incubation
conditions in selected slough, side channel, tributary, and mainstem
habitats of the Susitna River detween Talkeetna and Devil Canyon (River
Miles 98-152). The types of data presented in this report include
development and survival data for chum salmon embryos, surface and
intragravel water quality data (pH, conductivity, temperature and
dissolved oxygen), and substrate composition data.
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ABSTRACT

An evaluation of the survival and pattern of development of chum salmon
embryos (to 50% hatch) was made between embryos incubated in artificial
redds in slough, side channel, tributary and mainstem habitats. Eggs
were obtained on site and artificially fertilized. After allowing them
to water-harden, fifty embryos were placed in each Whitlock-Vibert Box
(WB) and installed in the streambed. Intragravel temperature,
dissolved oxygen, pH, conductivity and substrate composition were
measured within each type and compared to the percent survival of
embryos. A quantitative analysis of the effect of each variable on
survival was hampered by the overwhelming mortality due to dewatering
and subsequent frasezing of the substrate (and embryos). This effect was
greatest in side channels and least in sloughs, and was observed to ba
directly related to the location and strength of upwelling. Mouth areas
in slough, side channel, and tributary habitats also undergo freezing
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because the stage in the mainstem decreases significantly after fish
spawn, resuiting in dewatering of mouth areas. Although there were no
definable relationships between percent survival and any other
variables, the lTower limit of survival was apparent for percent of fine
substrate 0.08 in) and for dissolved oxygen. The percent survival of
embryos decreased to zero when the percent of fines (< 0.08 in) was
greater than 18%. Similarly, percent survival of embryos was zero at
dissolved oxygen levels below 3.0 mg/1.

Intragravel water temperature directly controls the pattern of develop-
ment of embryos. There was a high degree of variability in the intra-
gravel water temperatures within and between habitat types. In general,
sloughs exhibit relatively warmer (approximately 2.0-4.0°C) and stable
intragravel temperatures because of the stabilizing influence of. In
contrast, intragravel water temperatures in tributary and mainstem
habitats reflect the Tlarge seasonal varifations in surface water
temperatures. Temperature conditions in side channels do not conform to
a "typical®™ pattern. It is hypotnesized that the earlier arrival of
chum salmon spawning in tributaries, compared to sloughs, is related to
the differences in their thermal regimes.

i1



CRAFT
TABLE OF CONTENTS
Page
VOLUME 1

ABSTRACT.. .............. L O B B BN B N BT BB B B B IR B B B B B FEE I B B I B B 1
TABLE OF CONTENTS....cccn. Ty TRy T — iid
LIST OF FIGURES.cccceveecanacncannnes SRR S, vi
LIST OF AP’E"DIX FIWRESICCOIOIQCOG-OUOOIOO ................... xiii
LIST OF TABLES..cccscsonsvnsssssssnssossnnsas SEasesRG iR s raiEs xvii
LIST OF ”Pmlx TABLES ............ B8P A SRS SRR e xv111
LIST OF PLATES.scvsvesississoicivsesanessnss e A —— xix
1.0 I"mlo" ........................ e EBaeEwES AL B L ) .. 1
1.1 BacRground....cccccoccecesscssncsccsassossscscesssscanse 1
1.2 mj!cti‘les-........-..-. ooooooooo “sssEssssasE NI EREERREE SN ?
2.0 METHODS...... e e e SV e s e S 8
2.1 Selection of Study Sites......c.cce. Ao SN e e s 8

2.2 Procedures for Evaluating Physical and Chemical
vaﬁab]‘s..ciil.O-.‘.-..U.!...d.. ...................... 12
2.2.1 Intragravel Standpipes...... seesenee P T 12
2.2.2 Physical VariableB...icocoiosisovisisisnssnsssomaiss 17
2.2.2.1 Water Temperature.......cceeeeeescesussasssncsas 17
2.2.2.2 Substrate Composftion....cceeecoecerccccosnnens 17
2.2.2.2.1 McNeil Sampler.....ccoceeeee. e S 18
2.2.2.2.2 Whitlock-Vibert Box SampTer ................ 20
2.2.2.2.3 Additional Substrate Evaluation Methods.... 22
2.2.2.3 Water Depth and VeloCity...veeeeeranacanncncnss 23
2.2.2.8 To Ity isiviins B S A op 23
2:2:3  EhaicE) TRESaB IR . o cuo sinssunvsnevnmenig crnEe e 24
2.2.3.1 Dissolved Oxygln..... .......................... 24
202.302 pHU.. L B B O O [N I ) LR B B B B BB B BN BT R BN B R ) 24
2.2.3.3 Conduct1vity ............................ esana 25

it



TABLE OF CONTENTS (Continued)

Page
2.3 Blotogtes] VarlebleS.ccsavciiscinssivaniivivicsaissnaois 25
2.3.1 Salmon Incubation........ceveveeenees S 25
2.3.1.1 Procedures to Install and Remove Whitlock-
VibDert BOXeS...ccceerrecccrccnnrcessscccasnnnnn 25
2.3.1.2 Artificial Ferti'lfzntion Pmcedure ............. 26
2.3.1.3 Installation of Whitlock-Vibert BoxeS.......... 28
2.3.1.4 Removal of Whitlock-Vibert BoxeS......eoevevens 29
2.3.2 Flatworms........ P eSS S SRSV S 32
2.3.3 Analysis of Development and Survival of Embryos.... 32
2.3.3.1 Embryonic Development......... O — 32
2.3.3.2 Embryonic Survival............. PP T e 33
2.3.3.3 Embryo Survival Control......... e 38
3.0 RESULTS.ccossossvssnsesssnsasvesssie SRRSO 39
3.1 Comparison of Physical and Chemical Characteristics
of Study Sites and Habitat TypesS......cccceveecncccnes - 41
3.1.1 Phys1cal ch.r‘cter1stics‘..0....I.III.!IC.II..O‘..I 41
3.1.1.1 Water Temperature......... TR R O O 41
3:1.1.1:1 Instantaneous Intragravel Water
ratures..... RGeS AR SR S e 41
3.1.1.1.2 Comarison of Instantaneous Surface and
Intragravel Water Temperatures..... saele 44
3.1.1.1.3 Continuous Intragravel Water Tenperatures 49
3.1.1.2 Substrate Composition............. SR~ AR 56
3.1.1.2.1 Comparison of McNeil and Whitlock-Vibert
Box sm]en......‘..'.... IIIIIIIII LA L B ) 59
3.1.1.2.2 Substrate Composition at Study Sites....... 59
3.1.2 Chemical Characteristics.....cccveeeevenns 71
3.1.2.1 Dissolved Oxygen......cceceeeeeecncans 71
3.1.2.2 pHI..I..I.!'O...... .................. LR B B ?6
3.1.2.3 mnductivity ..... L B B B N N B Y L ) 84

3.2 Comparison of Embryo Survival at Study Sites and
Hab‘t‘t Tyns. ...... .l‘-.'.I.ll.l..ll..l.l..‘......Ill-. 84

3.3 Effects of Physical, Chemical and Biological Habitat

Variables on Embryo Survival at Study Sites and
Habitats........... R AN SN R TG (S A e PR 94

iv



TABLE OF CONTENTS (Continued)

3.3.1 Physical Variables.......ccccevenn. G S
3.3.2 Chemical Variables.......... O D S A
3.3.3 Bfological Variables.........c..... PO N ——
3.3.3.1 Development of Chum Salmon Embryos.............

3 3.3-2 F]‘mmil'......l.......-..COC.OOOO ----------

‘.0 DISCUSSIM..I.O........‘...l..l..'...l......-!."‘ -------

4.1 Physical,

Chemical, and Biological Variables

Associated with Chum Salmon Incubation Habitats........

‘.101 umt‘im..l...l.ll...l......l‘.l‘l...lt.'.‘.il'.l..
4,1.2 Dewatering and Freezing..... R R s O ST
‘.103 wb’tr‘“.ll.-.to.t0.0..-0....0.. IIIIII LR L I B
4.1.4 VMater Temperature........... Seshisdiivesdnsaveiviaee
‘15 Dis’o]m m’m ............ LR LB B A B B B
4 1‘6 ”.........................-‘......I!.‘..O-.'.I.!.t
‘ll ? cmductivity...!..lttitlntt IIIII LB BB B B B O B B B B
8.1.8 Turbidity..ceeeeeeeseccececncscasncsancncaassnnanns
4.1.9 Flatworms.......... NS L ST g Sy
4.2 Conclusions/Recommendations......ccceeeevsccecsanccannns
$.2.]1 COMCIISIOME. .. . iisisvesasisesssisnsniioes T —_
4,2.2 Recommendations.........ccceveeennennns essesresness
5.0 cm!num“.-.. llllllll LA B B B B BB BB B B BB B O )
6.0 ACKNOWLEDGEMENTS......ccvvveennes sahEna A PP PO
7-0 LITEMWRE clmltolioid.CCC..0.0U..OI!0.0.'I.l..t.lll..l
VOLUME 2

8.0 APPENDICES
Appendix A. Winter Temperature Data..........ccvcvveenees
Appendix B. Study Site MapS.......cceeecceececcnnncncnans
Apmndix CO ht‘r mal‘lt’ D‘u‘....!....l.'. .............
hmi! D. &lbstnt‘ D‘t‘............ ...... LR B B B B A O O
Appendix E. Additional Habitat Data..........ccecveveeees
Appendix F. Embryo Development and Suwival s 7

Page
94

104

104
105

107

107

107
109
113
117
123
129
131
132
132

134

134
138

140
141
142



LIST OF FIGURES

Figure

1.

Map of the Susitnma River Basin, with deline-
ations of the basin drainage area and the

DRAFT 2/11/85

middle reach of river......cooceeeeeenens N

Generalized 1life cycle of a chum salmon

indigenous to the middle Susitna River, Alaska.........

Locations of study sites within the middle

reach of the Susitna River (RM 98-152)............

Diagram of a polyvinyl chloride (PVC) standpipe
used to evaluate intragravel water conditions
in streambeds of salmon spawning habitats in

the middle Susitpa River, Alaska..... S P

A modified McNeil substrate sampler used to
evaluate substrate conditions of salmon
spawning habitats in the middle Susitna River,

Alaska. Sampler not drawn to scale....... AR A,

Summary of methods used to evaluate substrate
conditions obtained with a modified McNeil
suhstnte sam]ert.l...l.ll'......l..... llllll -

Flow diagram depicting the sequence of events
which occurred during the artificial fertili-
zation of salmon eggs and the subsequent
installation of artificial incubation chambers

(Whitlock - Vibert Boxes) in the streambed.............

Summary, by habitat type, of the intragravel
water temperature data (°C) periodically
measured within standpipes during the 1983-84
winter period in the middle Susitna River,

ATQSka-o-o- ..... LRI N N Y L LR R LRI I R I

Summary, by study site, of the intragravel
water temperature data (°C) periodically
measured within standpipes during the 1983-84
winter period in the middle Susitna River,

R gt S T e Ol P . o

vi

14

19

21

27

42

43

———_



LIST OF FIGURES (Continued)

Figure

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Relationship between intragravel and surface
water temperatures (°C) measured at standpipes
within slough habitat of the middle Susitna

DRAFT 2/11/85

River, Alaska....ccceee e s e s B R aawre ol e

Relationship between intragravel and surface
water temperatures (°C) measured at standpipes
within side channel habitat of the middle

5031tﬂl R1 Vﬂl', A] GSkl- SessseseRsssREEE RS Sessssssnansas

Relationship between intragravel and surface
water temperatures (°C) measured at standpipes
within tributary habitat of the middle Susitna

River, Alaska.......... RS LRGN e 1 NS s W e

Relationship between intragravel and surface
water temperatures (°C) measured at standpipes
within slough, side channel, and tributary

habitats of the middle Susitna River, Alaska...........

Mean daily intragravel water temperatures (°C)
recorded during the 1983-84 winter period at
Slough 10 (RM 133.8), middle Susitna River,

RIEEER v siinescossans e e T T e e

Mean daily intragravel water temperatures (°C)
recorded during the 1983-84 winter period at
Slough 11 (RM 135.3), middle Susitna River,

A‘ask‘..-.. ------ TR R EERE R R RN ssssnmee TR R R RN R RN

Mean daily intragravel water temperatures (°C)
recorded during the 1983-84 winter period at
Slough 21 (141.8), middle Susitna River, Alaska

Mean daily intragravel water temperatures (°C)
recorded during the 1983-84 winter period at
Side Channel 10 (RM 133.8), middle Susitna

River, Alaska....c.coceeessvsnssncnons el e e a a3

Mean daily intragravel water temperatures {°C)
recorded during the 1983-84 winter period at
Unper Side Channel 11 (RM 136.1), middle

Susitna River, Alaska.....cco0eveeeee i e e e e

Mean daily intragravel water temperatures (°C)
recorded during the 1983-84 winter period at
Side Channel 21 (RM 141.0), middle Susitna

River, Alaska.......... =S I P s - e e '

vii

47

50

51

52

53

54

55



LIST OF FIGURES (Continued)

Figure

2C.

21.

23.

24.

25.

26.

27.

28.

29.

Mean daily intragravel water temperatures (°C)
recorded during the 1983-24 winter period at
Fourth of July Creek (RM 131.1), middle Susitna
RIver, RIassd..ccisieissssinssseisdsnnsasivenss

Mean daily intragravel water temperatures (°C)
recorded during the 1983-84 winter pericd at
l:?in:ta (RM 136.1) middle Susitna River,

's a--.-l.CC-.CCOQOOUO IIIII LR B B O B O L L

Comparison of the dry weights (g) of fine
substrate (< 0.08 in. diameter) obtained from
paired samples collected with McNeil and
Whitlock-Vibert Box samplers......

Comparison of percent dry weights of fine
substrate (< 0.08 in. diameter) obtained from
paired samples collected with McNeil and
Whitlock-Vibert Box samplers.....cccecescscscocs

Percent size composition of McNeil substrate
<amples collected at study sites in the middle
Susitna River' AIaska--.-..t..-...0-0.-0-.0..0-

Percent size composition of McNeil samples
collected in various habitat types in the
middle Susitna River, Alaska....ceceeeecssnnsss

Percent size composition of fine substrate
(< 0.08 in. difameter) in McNeil samples col-
Tected at study sites in the middle Susitna
RIVEr, RIASKE. ..o inaianniansssasssssnssssss

Percent size composition of fine substrate
(<0.08 in. diameter) of McNeil samples col-
Tlected in various habitat types in the middie
Susitna River, Alaska....ccccvveeevccncncananns

Percent size composition of McNeil substrate
samples collected at chum salmon redds during
May 1984, in the middle Susitna River, Alaska..

Percent size composition of McNeil substrate
samples collected at chum salmon redds during
May 1984, in various habitats of the middle
Susitna River, Alaska.....ccecevevescacccaranes

viii

DRAFT 2/11/85

........

oooooooo

aaaaaaaa

--------

oooooooo

--------

--------

57

58

60

61

62

63

65

66

67

68



LIST OF FIGURES (Continued)

Figure

30.

31.

32.

33.

34,

36.

3.

Percent size composition of fine substrate
(<0.08 in. diameter) in McNeil samples col-
lected at chum salmon redds during May 1984 in

study sites of middle Susitna River, Alaska.....

Relationship between intragravel and surface
water dissolved oxygen concentrations (mg/1)
measured at standpipes within slough habitat of

the middle Susitna River, Alaska.......cceveuues

Relationship between intragravel and surface
water dissolved oxygen concentrations (mg/1)
measured at standpipes within side channel

habitat of the middle Susitna River, Alaska.....

Relationship between intragravel and surface
water dissolved oxygen concentrations (mg/1)
measured at standpipes within tributary habitat

of the middle Susitna River, Alaska......ceeeees

Relationship between intragravel and surface
water dissolved oxygen concentrations (mg/1)
measured at standpipes within slough, side
channel, and tributary habitats of the middle

Susitna River, Alaska.....ciseaiscvnnsannsansies

Summary, by study site, of the intragravel
dissolved oxygen data (mg/1) periodically
measured within standpipes during the 1983-84
winter period in the middle Susitna River,

A‘aska.- LI O B BB B B R B B B BB BB B B L L L

Summary, by habitat type, of the intragravel
dissolved oxygen data (mg/1) periodically
measured within standpipes during the 1933-84
winter period in the middle Susitna River,

ATASRE i o oo vvnahn smn waiaeniinese s ke es seeee seenesss

Relationship between intragravel and surface
water pH levels measured within slough habitat

of the middle Susitna River, Alaska.......cc....

ix

DRAFT 2/11/85

Page

....... 72

....... 73

....... ?‘

....... 75

....... 77

....... 78

....... 79



LIST OF FIGURES (Continued)

Figure
38.

39,

40.

41.

42.

43.

a4,

45,

46.

Relationship between intragravel and surface
water pH levels measured within side channel

habitat of the middle Susitna River, Alaska.....

Relationship between intragravel and surface
water gH levels measured within slough and side
channel habitats of the middle Susitna River,

ATaska ..o sivavcvisvas e e Ll e e

Summary, by study site, of the intragravel pH
data periodically measured within standpipes
during the 1983-84 winter period in the middle

Susitna River, Alaska....... SRS e e

Summary, by habitat type, of the intragravel pH
data periodically measured within standpipes
during the 1983-84 winter period in the middle

Susitna River, Alaska..... e aTarar inim e e LA AR

Relationship between intragravel and surface
water conductivity Tlevels (umhos/cm) measured
within slough habitat of the middle Susitna

River, RIaskA: iccisasonsunivisssninsssoissenisns

Relationship between intragravel and surface
water conductivity levels (umhos/cm) measured
within side channel habitat of the middle

Susitna River, Alaska.......ceveeecnccccssancnss

Relationship between intragravel and surface
water conductivity levels (umhos/cm) measured
within tributary habitat of the middle Susitna

River, ATasKA....icscinnisiiasiesevansvessminess

Relationship between intragravel and surface
water conductivity levels ?unhos/cm) measured
within slough, side channel, and tributary

habitats of the middle Susitna River, Alaska....

Summary, by study site, of the intragravel
conductivity data (umhos/cm) periodically
measured within standpipes during the 1983-84
winter period in the middle Susitna River,

Alaska...scavnivivs R R e e e S T

DRAFT 2/11/85

....... 81

....... 83

....... 85

....... 86

....... 87

....... 88

....... 89

A AR N R e e



LIST OF FIGURES (Continued)

Figure

47.

49.

50.

51.

52.

53.

54.

Summary, by habitat type, of the intragravel
conductivity data (umhos/cm) periodically
measured within standpipes during the 1983-84
winter period in the middle Susitna River,
ﬁ‘aska.-.-.-ol.‘.C..-.CQCOQUOUO ..... S s wssnesan

Comparison of survival (%) of salmon embryos
removed from artificial redds in study sites in
the middle Susitna River, Alaska......ccoeeveee

Comparison of survival (%) of salmon embryos
removed from artificial redds in various
h:bﬁ:at types in the middle Susitna River,
Alaska....coceennne T e

Comparison within each habitat type of the
percent survival of embryos when all samples
are considered to the percent survival of
embryos when all frozen samples are removed
from consideration: middle Susitna River,

Comparison within each study site of the
percent survival of embryos when all samples
are considered to the percent survival of
embryos when all frozen samples are removed
Hom consideration: middle Susitna River,
ASKB . cunsasnasnsensisiavanioine nea e

Relationship between survival of salmon embryos
(%) and the percent of fine substrate (< 0.08
in. diameter) within Whitlock-Vibert Boxes
removed from artificial redds within selected
habitats of the middle Susitna River, Alaska...

Relationship between survival of salmon embryos
(%) and intragravel water temperatures deter-
mined at artificial redds within selected
habitats of the middle Susitna River, Alaska...

Relationship between survival of salmon embryos
and concentration of intragravel dissolved
oxygen (mg/1) measured at artificial redds
within selected habitats of the middle Susitna
Rivir; RIAsK . aicaniicnisisinisnsnisimsoniiog

xi

DRAFT 2/11/85

oooooooo

--------

90

91

93

95

96

99

101



DRAFT 2/11/85

LIST OF FIGURES (Continued)

Figure

55.

Relationship between survival of salmon embryos
and intragravel pH level measured at artificial
redds within selected habitats of the middle
Susitna River, Alaska......coievvevecccecnnncananen e

Relationship between survival of salmon embryos
and intragravel conductivity level (umhos/cm)
measured at artificial redds within selected
habitats of the middle Susitna River, Alaska...........

xii

102

103

e —




DRAFT 2/11/85
LIST OF APPENDIX FIGURES
APPENDIX 8
Figure rage
B-1. Study site location at Mainstem LRX 9 (RM
103.2).0-.--...--.1 ooooooooooooooooooooo L R A N R R R 8'3
B-2. Study site locatfon at Deadhorse Creek (RM
120-9).0-00-.. aaaaaaaaaaaa Sesssasssssssnsns ssssssseness 8-4
B-3. Study site location at Slough 8A (RM 125.9) and
MEIASton LRE 29 (R 138 1), coivivsvoiaininpnonasencsess B-5
B-4, Study site location a Slough 9 (RM 128.3)......00veunn. B-6
B-5. Study site location at Fourth of July Creek (RM
131-1)-.......-..-.-..00.0-0......0-I.....O..l.. ....... 3-7
B-6. Study site location at Slough 9A (RM 133.6)............ B-8
B-7. Study site location at Slough 10 and Side
cnlm‘lﬁl 10 (m 133-8) ---------- L N N A 8‘9
B-8. Study site at Slough 11 (RM 135.3), Upper Side
Channel 11 (RM 136.1) and Mainstem (RM 136.1).......... B-10
B-9. Study site location at Mainstem (RM 136.8)............. B-11
B-10. Study site location at Indfan River (RM 138.6)......... B-12
B-11. Study site location at Slough 17 (RM 138.9) and
Mainstem sites (RM 138.7 and RM 138.9)....cvvvvevnvnnns B-13
B-12. Study site location at Side Channel 21 (RM
141.0), Slough 21 and Mainstem LRX 57 (RM
M2 ) sovinvsvenvindevsrsvssavavis sosonesiEessisvsee B-14

xiit



c-2.

C-3.

c-7.

c-8.

DRAFT 2/11/85
APPENDIX C

Summary, by study site, of the surface water
temperature data (°C) periodically measured at
standpipe locations during the 1983-84 winter
period in the middle Susitna River, Alaska............. C-18

Summary, by hshitat type, of the surface water
temperature datz (°C) periodically measured at
standpipe locations during the 1983-84 winter
period in the middle Susitna River, Alaska......... eese C-19

Summary, by study site, of the surface water
dissolved oxygen data (mg/1) periodically
measured at standpipe locations during the
1983-84 winter period in the middle Susitna
R'IVQI', A]!Skl.....-.....-..... oooooooooo L I R C"zo

Summary, by habitat type, of the surface water
dissolved oxygen data (mg/1) periodically
measured at standpipe locations during the
1983-84 winter period in the middle Susitna
River, Alaska........coeveeen. SRR = T c-21

Summary, by study site, of the surface water
dissolved oxygen data (’z saturation) periodi-
cally measured at standpipe locations during
the 1983-84 winter period in the middle Susitna
R'lvel‘. A]lSkl...-... ..... L I I A Srsss s s nann C"zz

Summary, by habitat type, of the surface water
dissolved oxygen data (% saturation) periodi-
cally measured at standpipe locations during
the 1983-84 winter period in the middle Susitna
Ri’lel". A]astl..-....... ----- seesssas srsnns Sesssrssss e C‘23

Summary, by study site, of the surface water pH
data periodically measured at standpipe
locations during the 1983-84 winter period in
the middle Susitna River, Alaska.........ocoeevevnvnnnn. C-24

Summary, by habitat type, of the surface water
pH data periodically measured at standpipe
locations during the 1983-84 winter period in
the middle Susitna River, Alaska.........oevvvennnnnnn. C-25

xiv

———



Figure
C-9.

¢-10.

C'llo

c-12.

C-13.

C-14.

C-15.

C-16.

DRAFT 2/11/85

APPENDIX C (Continued)

Summary, by study site, of the surface water
conductivity data (umhos/cm) periodically
measured at standpipe Tlocations during the
1983-84 winter period in the middle Susitna
R"Vll'. A'lGSkl ooooooooooooooooo L C-Zﬁ

Summary, by habitat type, of the surface water
conductivity data umhos/cm) periodically
measured at standpipe locations during the
1983-84 winter period in the middle Susitna
RIS MBI csovvrnnissansssissseriisrsvonisnaseisi c-27

Relationship between percent saturation of
intragravel and surface water dissolved oxygen
measured within slough habitat of the middle
SU$1tﬂl Rfvef, ﬁla!ka. ------ L I I I I C'ZB

Relationship between percent saturation of
intragravel and surface water dissolved oxygen
measured within side chanel habitat of the
middle Susitna River, Alaska........ S e e c-29

Relationship between percent saturation of
intragravel and surface water dissolved oxygen
measured withii tributary habitat of the middle
Susitna River, Alaska......cceveveeeeencecnconcscanncons c-30

Relationship between percent saturation of
intragravel and surface water dissolved oxygen
measured within slough, side channel, and
tributary habitats of the middle Susitna River,
ﬁ]astl....-.......a oooooooooooooooooooooooooooooooooooo 6-31

Summary, by study site, of the intragravel
dissolved oxygen (% saturation) data periodi-
cally measured within standpipes during the
1983-84 winter period in the middle Susitna
RIver, AlasKe.civovicivsisaonisesuncineso e c-32

Summary, by habitat type, of the intragravel
dissolved oxygen (% saturation) data periodi-
cally measured within standpipes during the
1983-84 winter period in the middle Susitna
River, Maskh.cusiiisavivesensivnscivie T T T I T N C-33

xv



D-2.

D-3.

D-6.

DRAFT 2/11/85

APPENDIX D

Comparison of dry weights (g) of fine substrate
(0.08-0.02 in. diameter) obtained from paired
samples collected with McNeil and Whitlock-
V"bel't BOX Sm]ers.-..“.-.-....- oooooooooo e sssensausn D"s

Comparison of dry weights (g) of fine substrate
(0.02-0.002 in. diameter) obtained from paired
samples collected with McNeil and Whitlock-
Vibert Box samplers...... snbesssca s bss Rl e D-6

Comparison of dry weights (g) of fine substrate
( 0.002 in. diameter) obtained from paired
samples collected with McNeil and Whitlock-
vf“ﬂ hx sw‘enuanooocooo--occoao.o llllllllllllllll 0-7

Percent composition, by size class, of Whitlock-
Vibert Box samples collected at study sites in
the middle Susitna River, Alaska.......cceceecvcncnaccas D-8

Percent composition, by size class, of fine
substrate (<0.08 in. diameter) in Whitlock-
Vibert Box samples collected at study sites in
the middle Susitna River, Alaska...... e D-9

Percent composition, by size class, of Whitlock-
Vibert Box samples collected in various habitat
types in the middle Susitna River, Alaska............ .. D-10

Percent composition, by size class, of fine
substrate (< 0.08 in. diameter) in Whitlock-
Vibert Box samples collected in various habitat
types in the middle Susitna River, Alaska......cccoeee. D-11

xvi



LIST OF TABLES

Table

1.

Reference 1ist of study sites providing rela-
tive site priority, river mile location and

type of data collected at each site.............

Stages of embryonic development for chum salmon
identified for use 1in this study. Stages
correspond to information reported for sockeye

salmon by Velsen (1980)....ccccassnssnecocsnsesse

Condition of dead embryos at time of removal

from substrate.......... o E v SRR S B erih o G

Documented effects of sediment and substrate
size on salmonids, based on a review of

selected 11taPatUPR.cocacsissrasavssmvisssasanss

Observed temperature ranges for embryo/ aievin
life-phases of Pacific salmon [table derived

from ACIOC (1988) ). .ccvicsccsornseistncscsnessnns

Documented effects of lTow dissolved oxygen (DO)
levels on incubating salmonids, based on a

review of selected Titerature.....coveeevennenas

xvii

ORAFT 2/11/85

....... 106

....... 114

....... 119

....... 126




LIST OF APPENDIX TABLES

Table
8-1.

C-1.

c-2.

D-1.

D-2.

E-1.

E-2.

F‘I.

APPENDIX B

List of study sites used to evaluate the
fncubation 1ife-phase of chum salmon in the
middle Susitna River.......ccveveeeeenncccnnnss

APPENDIX C

Surface water quality data collected from
August 1983 to May 1984, Susitna River, Alaska.

Intragravel and surface water quality data
collected at standpipes from Septembzr to
December 1983, Susitna River, Alaska...........

APPENDIX D

Substrate composition of samples collected with
a modified McNeil substrate sampler in spring
1984, Susitna River, Alaska......ccevvevecennes

Substrate composition 1inside Whitlock-Vibert
Boxes placed in, and retrieved from artificial
ﬁdd:' August 1983 to May 1984, Susitna River,

as a..-...lclottotnoto .......................

APPENDIX E

Substrate classification code used previously
to assess substrate conditions in chum and
sockeye salmon spawning habitats (Vincent- Lang
Ct . F0) . uavininionuiissnisse e

Criteria used to assign a rank for the relative
degree of embeddedness of substrate.......

Physical data collected at primary and secon-
dary sites in the middle Susitna River, Alaska.

APPENDIX F

Stages of development of 1live chum salmon
embryos and alevins removed from middle Susitna
River habitats, Alaska.......cceceverennnanenns

Percent survival of hatched and unhatched
embryos recovered from Whitlock-Vibert Boxes
placed in selected habitats of the middle
Sus1tna River' A]aSk‘-oou-----..-;cauoo.ooooaoo

xviii

DRAFT 2/11/85

oooooooo

LR "o

oooooooo

L AL

c-2

C-7

D-2

D-3

E-1

E-2

F-2

F-8



LIST OF PLATES
Plate
1. Method for 1installing polyvinyl chloride

standpipes in the streambed using a sledge-

hammer and driving rod .....ccceiieeneccrcecccnncncannas

Ice plug removed from a standpipe in Fourth of

July Creek.......... sesccsssrstenssssesssvestsssssasses

Whitlock-Vibert Box compacted with accumulated

STTE Nl SEM. cicvsciviinssvsnsnasusanissssinisi

Whitlzek-Vibert Boxes each containing sorted
gravels and 50 chum salmon embryos, wrapped
with a nylon cord. The nylon cords were later

used to remove boxes from the substrate.........

Various stages of embryonic development of chum
salmon from fertilization to complete yolk-sac

absomtion ....................... LI B B O
Chum salmon embryo late in the cleavage stage....
Chum salmon embryo at late gastrulation.........

Head (A) and body (B) of a chum salmon embryo

at late organogenesis.......cecevevuee v Ceee

xix

DRAFT 2/11/85

ooooooo

-------

Page

15
16

30

31

35
36
36

37



DRAFT 2/11/85

1.0 INTRODUCTION

1.1 Background

The primary purpose of this report is to compare development and
survival of incubating chum salmon (Oncorhynchus keta) embryos within

selected slough, side channel, tributary, and mainstem habitats of the
middle reach of the Susitna River between Talkeetna and Devil Canyon (RM
98-152; Figure 1). The report is based on the results of field studies
conducted during the 1983-1984 ice-covered season (October - May).

The middle reach of the Susitna River was selected for study because the
most obvious changes in existing physical characteristics of fish
habitats are expected to occur within this reach (Acres 1982). Within
this reach of river, slough and side channel habitats were selected as
the primary focus of study because they (primarily sloughs) are
extensively used by chum salmon for spawning and are likely to be
directly influenced by project construction and operaticn. Chum salmon
were selected as the target species for study for two reasons. First,
they are the numerically dominant species of salmon which utilize siough
and side channel habitats for spawning and incubation in this reach of
the Susitna River. Secondly, they are considered a good indicator
species of expected changes which may affect sockeye salmon, the other
salmon species of significance which also utilize these habitats for

spawning and incubation.
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There are four basic life-phases in the l1ife cycle of chum saimon:
passage, spawning, incubation, and rearing. The freshwater period of
the life cycle includes all four life-phases, whereas the saltwater
period includes only portions of the rearing and passage life phases.
In general, chum salmon spend approximately 20% of their total life in
freshwater and approximately 80% in saltwater (Figure 2).

In the middle reach of the Susitna River system, upstream passage of
adult chum salmon generally peaks during the last two weeks of August
and the first two weeks of September (ADF&G 1983b: Appendix B; Sautner
et al. 1984). During this time, adult chum salmon migrate into a
variety of aquatic habitat types (mainstem, slough, side channel,
tributary, and tributary mouth) within this reach of the river to spawn,

with major concentrations occurring in slough and tributary habitats.

Once on the spawning grounds, female chum salmon select a suitable
spawning site, often in areas of upwelling (ADF&G 1983b: Appendix B;
Vincent-Lang et al. 1984). The female normally excavates a depression
in the streambed (i.e., redd) by turning on its side and rapidly flexing
her body, creating strong water currents with the caudal fin. Once a
depression is completed, the female and one or wore attending males
simultanecusly release eggs and milt, respectively, into the depression.
The eggs are then fertilized thus beginning a new generation of chum
samon. After fertilization, the female swims immediately upstream of
the redd to begin excavation of another depression. In this way, the

fertilized eggs deposited in the previously attended depression are
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covered with substrate materials that are excavated from the new de-
pression. This process is successively repeated until the female has
released all her eggs. After spawning, both sexes usually die within a
few days (Morrow 1980).

The fertilized eggs (embryos) remain in the substrate and incubate for
several months. The length of this period is highly variable depending
upon environmental conditions, particularly water temperature.
Generally, this period of time from fertilization of the egg until
active feeding by fry, is referred to as the incubation period or life-
phase (McNeil and Bailey 1975).

While in the gravel, the embryos undergo a developmental process which
can be divided into three phases: cleavage, gastrulation, and organo-
genesis (Velsen 1980). During cleavage, the embryo undergoes a pericd
of prolific cell division and ends as a flattened multicellular disc
called a blastodisc. DODuring gastrulation, the cells formed during
cleavage develop into recognizable tissues which form the basic struc-
ture of the embryo. This phase ends when the yolk becomes completely
enveloped by a thin sheet of cells, resulting in the closure of the
blastopore (external ope;mg in the main cavity of an embryo during
gastrulation phase). During the organogenesis phase, fins and internal
organs are formed and the circulatory system becomes developed. It is
during this phase that embryos become "eyed". The organogenesis phase
ends when the embryo hatches out of the protective egg shell. At this
point, embryos are called alevins or pre-emergent fry (or sac-fry).



DRAFT 2/11/85

Newly hatched alevins (post hatching) remain in the gravel until spring.
During this time they are sustained by absorbing their large yolk sac.
When yolk sac absorbtion is nearly complete, the alevins emerge from the
gravel and begin to actively feed (their rearing life-phase). Upon
emergence from the gravels, they are referred to as fry. After spending
only 1-2 months rearing in freshwater the seaward migration and
smoltification process begins (Figure 2). Once at sea, they grow
rapidly, generally reaching adult size in three to five years. Upon
reaching this stage, they return to freshwater, cease feeding, and
migrate upstream to their place of origin to spawn and die, thus

completing their life cycle.

During much of the incubation period, chum salmon embryos remain within
'the streambed and are unable to move actively to other areas. This
immobility results in a close dependence of the incubating salmon
embryos to the multitude of environmental (i.e., physical, chemical, and
biological) conditions in the immediate area. The close dependence of
the incubating salmon embryos on local environmental conditions causes
this life-phase to be particularly vulnerable to changes in physical,
chemical, and biological conditions which may result from the con-

struction and operation of the Susitna Hydroelectric Project.

Environmental changes which are expected to impact incubating chum
salmon in slough and side channels of the middle reach of the Susitna
River as a result of the operation and construction of the proposed

hydroelectric facility include decreased and stabilized flows during the
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open water periods, increased flows in the winter (Acres 1982), and a
marked change in seasonal water temperatures and ice processes (AEIDC
1984). In addition, seasonal reductions 1in upwelling and
increases in the frequency of overtopping, which are anticipated in
sloughs and side channels, could impact incubating salmon embryos
(Woodward-Clyde 1984). Changes such as lower or higher intragravel
water temperatures and changes in the concentration of dissolved gases
during the incubation 1ife-phase could have secondary effects on the
development and/or survival rates of pre-emergent fry (Combs 1965;
Baxter and Glaude 1980; Velsen 1980; Heming 1982), as well as affecting
the emergence timing of fry (e.g., Koski 1966).

1.2 Objectives

Due to the importance of the incubation 1life-phase, a study was
initiated during the fall of 1983 to address two objectives:

1) Compare selected physical and chemical conditions used for
chum salmon incubation in selected slough, side channel,
tributary, and mainstem habitais of the middle Susitna River;

and,

2) Evaluate the influence of selected physical, chemical, and
biological variables on the survival of chum salmon embryos
placed in artificial redds in slough, side channel, tributary,

and mainsten habitats of the middie Susitna River.
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2.0 METHODS

2.1 Selection of Study Sites

A total of 16 sites were selected for study in slough, side channel,
tributary, and mainstem habitats within the middle reach of the Susitna
River (Figure 3, Table 1, Appendix Figures B-1 to B-12). Based on the
type and quantity of data collected, each study site was classified as
either primary or secondary. In general, greater effort was expended

for data collection purposes at primary study sites.

Primary Sites

Primary study sites were selected to provide a comparison of the rate of
development and percent survival of chum salmon embryos between slough
and side channels. Information collected at primary study sites
included water gquality, substrate, continuous water temperature, and
embryo survival and development data. Of the eight primary study sites
selected seven were used to evaluate embryo survival (Sloughs 10, 11,
and 21, Side Channels 10 and 21, Mainstem (RM 136.1), and Fourth of July
Creek) and five were used to evaluate embryo development [Slough 11,
Mainstem (RM 136.1), Fourth of July Creek, Side Channel 21, and Upper
Side Channel 11].

The process used to select primary sites was influenced by a variety of
interrelated factors. In general, these sites were selected according

to the following prioritized criteria:
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to be representative of a wide range of chum salmon spawning

density (i.e., in high and low density areas);

to ensure that side slough, upland slough, side channel,
mainstem and tributary (including mouth) habitats were repre-
sented;

to be representative of a wide range ir the amount of upwelling;
in areas differing in patterns of seasonal intragravel water
temperatures (i.e. areas with and without upwell-

ing);

to be representative of a wide range in the relative amount of

fine substrate in the spawning gravels; and,

in locations that were previously used for the Instream Flow

Group 4 Hydraulic Model (IFG-4) (Vincent-Lang et al. 1984).

Secondary Sites

Secondary sites were selected to provide a more comprehensive data base

for winter water guality conditions in selected habitats used for chum

salmon incubation. As such, only a limited amount of water quality and

continuous water temperature measurements were collected at secondary

study sites. In .the selection of these secondary sites, priority was

given to sites which were known to pe used as spawning sites and/or

11
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sites used as water quality stations during the previous winter (as
reported in ADFAG 1983c). Secondary sites include Sloughs 8A, 9, 9A,
and 17, three mainstem sites (RM 136.8, RM 138.7 and RM 138.9), and

Indian River.

2.2 Procedures for Evaluating Physical and Chemical Variables

Methods presented in the following section are a summary of those
presented in the FY84 ADF&G Procedures Manual (ADFAG 1984). As such,
they are only intended to provide sufficient detail to allow for a
critical review of the analyses presented. Specific details are only
provided in areas where methods used in the field differed slightly from
those presented in ADF&G (1984).

2.2.1 Intragravel Standpipes

The measurement of water quality variables (other than continuous
intragravel water temperature data) in the intragravel environment
required the use of polyvinyl chloride (PVC) standpipes installed into
the streambed. Standpipes designed for this study contained 40 perfo-
rations 0.3 mm (one eighth inch) in diameter, located within a 7.6 cm
(3.0 inch) band at one end of the standpipe. When the standpipe was
installed into the streambed, the perforations ai.lowed intragravel water
to pass through the standpipe allowing water quality measurements to be
obtained. The adopted designs for constructing .he driving rod and
standpipe were modified from Gangmark and Bakkala (1958) and McNeil

12
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(1962) and had the advantages of being relatively inexpensive and easy
to install (Figure 4).

Standpipes were driven in the substrate using a driving rod and sledge
hammer (Plate 1). Each standpipe was pounded into the substrate to a
depth of approximately 37 cm (14.5 inches) centering the perforations at
a depth of approximately 25 cm (10 inches) into the substrate. This
depth was selected because it is the average depth at which chum salmon
place their eggs in some Alaskan and British Columbian stream systems
(Kogl 1965; Merritt and Raymond 1982).

After a standpipe was properly installed, a cork/weight assembly was
placed inside each standpipe to aid in removal of ice plugs formed
during freezing weather conditions. This a'ssefrbly was suspended inside
each standpipe from a nylon cord attached to the standpipe cap (Figure
4). Ice plugs were removed by gently heating a small metal heat shield
attached to the exterior of the standpipe at the water surface. The
metal shield was heated with a propane torch while exerting upward
pressure on the pipe cap. After a few minutes of heating, the ice plug
partially melted and allowed the cork/weight assembly with attached ice
plug to be withdrawn (Plate 2), thereby allowing for intragravel water

cuality measurements to be cbtained.

13
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2.2.2 Physical Variables

2.2.2.1 Water Temperature

Instantaneous surface and intragravel water temperatures were measured
at all primary and secondary study sites. A Yellow Springs Instrument
(YSI) dissolved oxygen/temperature meter (Model 57) and a YSI conduc-
tivity/temperature meter were the primary instruments used to obtain
instantaneous water temperatures inside and outside the PVC standpipes
at all water quality study sites. On each sampling day, each YSI meter
was calibrated using a Hydrolab Model 4041 water quality meter as a
standard. The Hydrolab meter was calibrated before and after field
sampling trips following the procedures outlined in ADF&G (1984).

Continuous water temperature data were collected at selected primary
study sites using either Omnidata datapod recorders and associated
thermister probes (Model No. 2321) or Ryan (Model J90) thermographs.
Specific methods pertaining to these instruments and their use are

presented in Appendix A of this report.

2.2.2.2 Substrate Composition

Two primary methods were used to assess substrate composition in this
study: the McNeil sampler method and the Hhiﬂock‘!‘libert Box sampler

method.

17
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2.2.2.2.1 McNeil Sampler

Substrate samples were collected at selected study sites using a mod-
ified McNeil substrate sampler (Figure 5). At each selected study site,
the McNeil substrate sampler was pushed down into the substrate to an
approximate depth of 20-25 cm (8-10 inches). Substrate materials were
then removed with a small shovel and placed into plastic five gallon
buckets. After the non-suspended portion of the substrate materials was
removed from the sampler, the remaining water inside the sampier
(containing the suspended sediments) was agitated to bring fines into
suspension by swirling a hand inside the sampler (care was taken to
avoid formation of a vortex). After thoroughly agitating the water
column, a one liter aliquot of water was removed and stored for further
processing. The non-suspended and suspended portions of each substrate
sample-were transported to a laboratory facility for size class

determinations.

At the laboratory, the non-suspended portion of the substrate samples
were placed in an oven at a uniform temperature (110°C) until dry
(approximately 24 hrs). Once dried, samples were sifted (while being
continuously shaken) throudh a series of sieves which included the
following mesh sizes: 12.5, 7.6, 2.5, 0.2, 0.05, and 0.0062 cm (5.0,
3.0, 1.0, 0.08, 0.02, and 0.0025 in. respectively). Sieve size
selection was based upon recommendations of Platts et al. (1983) and
those previousiy used by ADF&G personnel for visual assessment of

substrate materials in spawning areas (Vincent-Lang et al. 1984). After

18
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Figure 5. A modified McNeil substrate sampler used
to evaluate substrate conditions of salmon
spawning habitats in the middle Susitna
River, Alaska. Sampler not drawn to scale,
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sifting through sieves, the dry weight of each size class of non-
suspended sediment was measured to the nearest gram and percent of total

sample was calculated.

The smallest sieve size (0.0062 cm; 0.0025 in) corresponds to the size
at which particles no longer readily settle out of suspension in water.
For this reason, the amount of suspended particles in each sample was
determined by estimating the amount of suspended sediment in the one
liter aliquot of water taken at the time of sampling. This amount was
then used to extrapolate for the total amount of suspended sediment in
the entire volume of water inside the McNeil sampler. This quantity was
then added to the quantity of substrate which passed through the

smallest sieve size to determine total weight for this sieve size.

The procedure for determining the amount of non-suspended and suspended

material in each substrate sample is summarized in Figure 6.

2.2.2.2.2 Whitlock-Vibert Box Sampler

In previous studies Whitlock-Vibert Boxes (WVBs) have been used as
incubation chambers to evaluate the effects of environmental variables
on salmon embryc survival (e.g., Reiser and Wesche 1977; Reiser 1981;
Reiser and White 1981a). In each of these studies, fine sediments from
the surrounding streambed were found to have accumulated in the WVBs
when they were removed from the substrate. Based on this, and telephone

conversations with D. Reiser (pers. comm.), it was determined that in

20
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addition to using WVBs as experimental incubation chambers to evaluate
embryo survivai (Sec. 2.2.4.1.1), they could also be used as a means to
evaluate the amount of fine materials present in the surrounding

substrate.

The WVBs were initially filled with sifted gravels of a known size (1.3
- 2.5 cm; 0.5 - 1.0 in. diameter), buried in the streambed, and later
removed after a three to five month period. Substrate materials were
removed from each WVB, double bagged in plastic freezer bags, and
transported to a laboratory facility where the sample was frozen until
it could be analyzed. Each sample was analyzed in the same manner as
the non-suspended sediment portion of the McNeil substrate samples with
the suspended portion of substrate sample being taken as the sediment
portion passing through the smallest substrate sieve. The dry weights
of fine substrate particles less than 0.2 cm (0.08 in.) were compared to
dry weights of this size class obtained with the McNeil substrate
sampler to determine if the two sampling methods were providing com-

parable data on the accumulation of fines.

Additional Substrate Evaluation Methods

Two secondary methods were used to evaluate substrate conditions during
this study. These additional methods were employed to allow a
comparison of substrate data collected at IFG-4 modeling sites with
substrate data collected for the incubation study. One method consisted
of a visual classification method previously used to assess substrate

conditions in chum and sockeye salmon spawning habitat (Vincent-Lang et
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al. 1984; Appendix Table E-1). The other method was a simple visual

method which classified the relative degree of etrlbeddedtr\ess1

of the
surface substrate with fine particles (Platts et al. 1983). Specific

categories of embeddedness are defined in Appendix Table E-2.

2.2.2.3 MWater Depth and Velocity

Water depth and velocity were periodically measured to provide addi-
tional information on the physical characteristics influencing incu-
bation conditions at each study site. Water depths were obtained using
a top-setting wading rod while collecting water velocities in selected
locations at each study site. Water velocities were obtained with a
Marsh-McBirney (Model! 201) flow meter using procedures described in
ADF&G (1984).

2.2.2.4 Turbidity

Turbidity samples were collected in clean 250 mi Nalgene bottles.
Bottles were filled approximately two-thirds full and stored in a cool,
uniform environment until analysis could be completed. Samples were
analyzed using an HF Iastruments (Model 2100A) turbidimeter following

the procedures provided in the manufacturer's operations manual.

1 Embeddedness is defined a: the percent of surface area of the larger
sized substrate particles in a streambed which is covered by fine
sediment (Platts et al. 1983).
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2.2.3 Chemical Variables

2.2.3.1 Dissolved Oxygen

Intragravel dissolved oxygen (DO) measurements were obtained inside PVC
standpipes using a YSI (Model 57) dissolved oxygen/temperature meter.
This meter has a probe that is the proper diameter to fit inside the PVC
standpipe used in this study. The meter was calibrated at each sampling
site by adjusting the observed reading to match that of a calibrated
Hydrolab (Model 4140) water quality meter.- A Hydrolab was used to

collect baseline DO measurements of surface water at each site.

After the YSI meter was calibrated, measurements were collected by
lowering the probe to a depth of 85 cm (33.5 inches) inside the
standpipe, which placed the probe in near proximity of the perforatiuns
in the standpipe (refer to Figure 4). After lowering to the proper
depth, the probe was gently agitated to circulate water over the DO

membrane and measurements were recorded when the reading stabilized.

2.2.3.2 pH

Measurements of pH were obtained with a Hydrolab (Model 4041) water
quality meter following procedures described in ADF&G (1984). Intra-
gravel samples were obtained by withdrawing a water sample from inside a
PVC standpipe with a Geofilter peristaltic pump (Geotech Environmental
Equipment) and then measuring pH with the Hydrolab.
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2.2.3.3 Cecnductivity

Conductivity measurements were obtained using a YSI specific conduct-
ance/temperature (Model 33) meter according to procedures presented in
ADF&G (1984). A caiibration curve was developed by comparing con-
ductivity values obtained with the YSI meter to those cobtained with a
calibrated Hydrolab meter over the range of temperatures encountered in
the field. A1l values measured in the field were then adjusted on the

basis of the calibration curve.

2.3 Biological Variables

2.3.1 Salmon Incubation

2.3.1.1 Procedures to Install and Remove Whitlock-Vibert Boxes

In addition to being used as experimental substrate samplers, WVB's were
also used as experimental embryo incubation chambers to 25sess
development and survival of chum salmon embryos at the eight primary
study sites. As originally designed, each WVB was constructed from
molded polypropylene which is 145 x 90 x 60 mm in size and contains two
chambers. The upper incubation chamber is separated by a grid-like
partition from the lower nursery chamber. This two-chambered design,
however, has been found to result in an excess accumulation of fine
substrate particles inside the boxes (D. Reiser and R. White, personal

communication). For this reason, the two-chambered design was struc-
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turally modified to form a single incubation/nursery chamber to help

alleviate this problem during this study.

The modified WVBs were filled with spawning size gravel to simulate
natural conditions which were favorable for embryo incubation. To
achieve this, gravels were obtained by sifting substrates through wire
screens to provide a mixture of gravels which ranged from 1.3 to 2.5 cm
(0.5 - 1.0 in.) in diameter. This size range was selected to provide
interstitial spaces large enough to separate eggs and allov free
movement of intragravel flow, yet small enough to pack conveniently into
the WVB's. A total of 50 fertilized eggs were placed between

alternating layers of gravel within each WVB.

2.3.1.2 Artificial Fertilization Procedure

Methods used to obtain and fertilize chum salmon eggs for implantation
in the WVBs followed those presented in Smoker and Kerns (1977) and are
generally consistent with thcse presented in McNeil and Bailey (1975)
and Leitritz and Lewis (1976). A flow chart depicting the general
procedure for obtaining and artificially fertilizing eggs is presented
in Figure 7. Details of these methods are presented in ADF&G (1984).

Care was taken to protect the fertilized eggs from exposure to light and
mechanical shock prior to, during, and after the time they were placed
into WVBs. After embryos were allowed to water-harden for two hours,
they were gently transferred from a large container to the WVBs. The

entire process of placing embryos and sifted gravel within the WVBs was
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Figure 7. Flow diagram depicting the sequence of

events which occurred during the artifi-
cial fertilization of salmon eggs and the
subsequent installation of artificial
incubation chambers (Whitlock - Vibert
Boxes) in the streambed.
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conducted inside a dome tent to reduce potential adverse effects from
exposure to the outside environment. Embryos were kept in a water bath
maintained at the local wateir temprrature and shielded from harmful

ultraviolet rays from the sun (Smoker and Kerns 1977).

2.3.1.3 Installation of Whitlock-Vibert Boxes

Whitlock-Vibert Boxes charged with fertilized eggs and gravel were
placed in artificial redds at each of the eight primary study sites.
Six of the primary study sites were used to evaluate ewbryo survival.
In these sites, WVBs were placed within the streambed based or a random
selection of grid coordinates on a site map, in an attempt to represent
the range of environmental conditions present at each site. At the
other two primary sites, WVBs were primarily used to evaluate embryo
development. At these sites, WVBs were placed at a single location in
the streambed to allow embryos in all WVBs to be influenced by similar
environmental conditions. One additional site used to assess embryo
development was physica11x Tocated within the same site used to evaluate
embrvo survival in Slough 11. For specific details on the site

selection procedures, refer to Section 2.1.

At each study site, streambed materials were loosened w1th. a high
pressure jet of water generated by a Homelite gas-powered water pump.
After thoroughly loosening the substrate, a plastic bottomless bucket
(19 1iter; 5 gallon capacity) was forced into the loosened substrate

while the contents were extracted by hand to a depth of 20 to 25 cm (8
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to 10 in.). The bucket prevented substrate from collapsing into the
excavated hole and allowed holes to be excavated for several locations
on the day prior to installing Whitlock-Vibert Boxes. Two WVBs and one
PVC standpipe were placed in each excavated hole after the hole was
refilled with the surrounding gravel. A nylon cord served to attach
each WVB to a large steel spike (30 cm; 12 in.) which was marked with
orange surveyors flagging for future fidentification. The location of

each WVB was also determined using standard survey gear.

2.3.1.4 Removal of Whitlock-Vibert Boxes

Whitlock-Vibert boxes were later removed by locating each metal spike
and nylon cord and tracing the nylon cord to the point where the cord
entered the substrate (Plates 3 and 4). Gentle upward pressure on the
cord and simultaneous removal of surface substrate materials allowed the
box to be withdrawn from the substrate. Upon withdrawal, each box was
placed inside a plastic container to retain fine materials and placed
inside a large cooler with water which kept boxes and embryos from
freezing. After all boxes were removed at a site, the cooler was
transported to a heated work space, at which time the embryos present in
each box were removed and preserved. Substrate and fine materials from
the boxes were bagged, frozen, and stored for later analysis. All
unhatched embryos were preserved in Stockard's So'lut'lonl. An unbuffered

solution of 10% formalin was used to preserve alevins.

1 one liter of solution 1s comprised of 50 ml formaldehyde, 40 ml
glacial acetic acid, 60 ml glycerin and 850 ml distilled water.
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2.3.2 Flatworms

During the winter field program, large numbers of flatworms (Turbel-
laria) were observed to be present in WVBs retrieved at several sampling
sites. The presence of these flatworms appeared to coincide with the
absence of some embryos from WVBs. Therefore, an experiment was
designed to determine if the flatworms were related to the disappearance
of embryos. Eight WVBs were each filled with gravel and 10 dead embryos
(free from fungal colonization) free of flatworms, and buried to 2 depth
of approximately eight inches in two areas. Four of these WVBs we .
buried in areas where flatworms were observed in greatest numbers
(Slough 11) and the remaining four WVBs were buried in an area where no

flatworms had been previously observed (Side Channel 10).

The WVBs remained in the gravels for a period of three weeks. At that
time, one WVB at each site was removed approximately every two weeks
thereafter until all WVBs were removed. Upon removal of a WVB, the
number of dead embryos remaining inside were determined and the relative
density of flatworms was visually assessed.

2.3.3 Analysis of Development and Survival of Embryos

2.3.3.1 Embryonic Development

The stage of development of embryos was determined by observing pre-
served embryos under a dissecting microscope at 3X magnification. All

embryos were {initially preserved in Stockard's solution, which was
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selected because of its reported excellent clearing properties of the
outer egg membrane (Velsen 1980). In this study, however, the solution
did not adequdtﬂy clear the outer egg membrane. Therefore, it was
necessary to remove the outer membrane of the majority of preserved

embryos to determine the stage of development.

For the purposes of this study, the four basic periods of embryonic
development (cleavage, gastrulation, organogenesis, and post-hatching)
were further subdivided into twelve distinct stages as identified by
laboratory examination of preserved chum salmon embryos (Table 2).
These particular stages were selected to establish a foundation for
comparisons between sites. The first eleven stages correspond to the
period prior to hatching. Stage 12 is a general category which includes
all post-hatching alevins. Plates 5 through 8 show chum salmon embryos
at selected stages of development.

2.3.3.2 Embryonic Survival

The percent survival of chum salinon embryos was determined at all
primary sites except upper Side Channel 11. Whitlock-Vibert Boxes
containing embryos were removed, placed in a cooler, and transported to
a heat:d field station where embryo, were removed from the boxes. Live
and dead embryos were distinguished by visual inspection and enumerated.
In most cases, live embryos were easily distinguished from dead ones by
appearance. Live embryos were rather translucent and free from fungus.

Most dead embryos were opaque and were often colonized by fungus.
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Plate 5. Various stages of embryonic development of chum salmon
from fertilization to complete yolk-sac absorption.
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Piate 6. Chum salmon embryo late in the cleavage stage.
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Plate 7. Chum salmon embryo at late gastrulation.
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Plate 8. Head (A) and body (B) of a chum salmon embryo at late
organogenesis.
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Missing embryos were considered to be dead. Embryos were placed ir

Stockard's solution and returned to the laboratory.

2.3.3.3 Embryo Survival Control

To assess embryo mortality due to handling, three additional WVBs from
each incubation study site were charged with fertilized eggs and handled
in the same manner at each study site. These WVBs were placed in Slough
11 in an area that appeared to represent highly favorable incubation
conditions. After two to ten days, onz of the three WVBs from each
study site was removed and assessed in the same manner as that pre=
viously presented for assessing percent fertilization. Any differences
in percent fertilization between eggs not handled (i.e., in stream
incubation trays) and those handled during placement of WVBs (i.e., the
first control box removed) were attributed to handling mortality. One
of the remaining two WVBs was removed at eye-up stage and the other at
100 percent hatch stage. These survival estimates were assumed to

represent survival under optimal incubation conditions.
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3.0 RESULTS

This section is divided into three parts: 1) a description of selected
physical and chemical characteristics of individual study sites and
various habitat types (i.e., slough, side channel, tributary and
mainstem); 2) a summary of embryo survival and development data
collected at individual study sites and habitat types; and 3) an
evaluation of the influence of selected physical and chemical
characteristics of habitats on the survival of chum salmon embryos at

study sites and among habitat types.

Results in this section are shown in several types of figures. Three of
these figure types warrant a designation of symbols, nameiy box-and-
whiskers plots (or boxplots), scatter number plots, and scatter box

plots.

Boxplots are used in this report to summarize water temperature, dis-
solved oxygen, pH, and conductivity data. The format basically follows
that used Dy Velleman and Hoaglin (1981). The boxplots as presented
here were computer gererated by the microcomputer program SYSTAT (1984).
The following example displays all the symbols used in the boxplot

figures of this report.
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Measured values (i.e., dissolved oxygen, water temperature, etc.) from
each study site comprise a data batch, which is ordered from lowest
value to highest. Specific symbols used in the boxplot figures of this
report are defined below.

Symbol Representative Term
a, b Tower and upper hinges (about 25 percent of the
way in from each end of an ordered batch)
c H-spread (the difference between the hinges;
middle half of the data batch)
d minimum adjacent value [lower hinge - (1.5 «x
H-spread)]
e maximum adjacent value [upper hinge + (1.5 x
H-spread)]
+ median (middle value of the batch)
* outside value (outside of the adjacent values)
0 far outside value [outside of the following
range:

lower hinge - (3 x H-spread)
upper hinge + (3 x H-spread)]

() notches (represent approximately a 95% con-
fidence limit about the median) defined as
median + 1.58 x (H-spread)/vi

Scatter number plots are used in a number of fioures in this report to
summarize water temperature, dissolved oxygen, pH, and conductivity
data. Each number represents the number of occurrences in single
integers (1-9) at that point. Letters are used to denote 10 or more

occurrences, beginning with "A" (A=10, B=11, F=15, etc.).
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Scatter box plots are used in several figures in this report to sum-

marize survival data. Each box represents one occurrence at that point.

3.1 Comparison of Physical and Chemical Characteristics of Study
Sites and Habitat Types

3.1.1 Physical Characteristics

3.1.1.1 Water Temperature

Water temperature data presented in the following sections include
instantaneous surface and intragravel water temperatures measured at
both primary and secondary sites, and continuous intragravel water

temperatures measured only at primary sites.

3.1.1.1.1 Instantaneous Intragravel Water Temperatures

Comparisons of instantcneous intragravel water temperatures (°C)
measured within standpipes, grouped by habitat type and study site, are
presented in Figures 8 and 9, respectively. Because temperatures
undergo marked variations over time, median values presented for study
sites and habitat types are strongly influenced by the time of year at
which ind1v1d5a1 temperature measurements were recorded (refer to
Appendix C). For this reason, comparisons between median values have
not been made. The figures can be used, however, to show differences in
the range of intragravel water temperature variations associated with
individual study sites and habitat types.
41
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Generally, data show that instantaneous intragravel water temperatures
were least variable in mainstem and slough habitats and most variable in
tributary and side channel habitats. This is 1ikely due to the varying
degree of  influence of upwelling Dbetween these  habitat

types.

3.1.1.1.2 (Comparison of Instantaneous Surface and Intragravel

Water Temperatures

A comparison of instantaneous surface and intragravel water temperatures
measured at standpipe locations in slough, side channel, and tributary
habitat study sites are presented in Figures 10-12, respectively. The
combined data from the three habitat types are presented in Figure 13.
Data used to develop these figures are presented in Appendix C (Table
c-2).

In each figure, there appears to be a direct relationship between
surface and intragravel water temperatures. This indicates that
intragravel water sources strongly influence the temperature of the
surface waters of each habitat type. This is Tikely caused by the
presence of upwelling 1intragravel within each habitat type.
The effect appears most pronounced in slough habitats (Figure 10), which
is 1ikely related to the relatively greater influence of upwelling in
this habitat type.
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at standpipes within slough habitat of the
middle Susitna River, Alaska.
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3.1.1.1.3 Continuous Intragravel Water Temperatures

Continuous intragravel water temperatures were measured at 18 sites in
the middle Susitna River during the period from September 1983 to June
1984, A complete presentation of these data are included in Appendix A.
This section is limited to a summary of a portion of these data,
focusing only on intragravel water temperature data collected at the
primary study sites in slough, side channel, tributary, and mainstem

habitats used to evluate chum salmon emb.,~ survival and/or development.

Figures 14 through 16 present the intragravel water temperature data
collected at primary slough habitat study sites. From these data, it is
apparent that intragravel water temperatures in slough habitats remain
relatively stable from October to May, typically ranging from 3-4°C.
These relatively warm temperatures indicate that the source of the

intragravel water is iikely upwelling.

Figures 17 through 19 present the intragravel water temperature record
collected at primary side channel habitat study sites. These data show
that although intragravel water temperatures in side channel study sites
remain relatively stable from October to May, they show more variability
over time compared to slough habitats. This indicates that although the
source of the intragravel waters in side channel habitats is likely
upwelling, other water sources, such as surface water downwelling, may

influence the intragravel water component.
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In Figure 20, intragravel water temperatures measured at three sites
located in Fourth of July Creek are presented. Although the data record
contains several gaps, the pattern of seasonal temperature variation is
evident. Intragravel water temperatures are relatively high 2 early
September (6-8°C), decrease rapidly to near 0°C in late October, and
remain at or below 1°C for several months before increasing in March and
April. The gradual increase in March and April is followed by a
relatively sharp rise in temperature in early May. This indicates that
the source of the intragravel flow at Fourth of July Creek is 1ikely

subsurface flow originating from surface waters rather than upwelling.

The intragravel water temperature record collected at the primary study
site at Mainstem RM 136.1 is shown in Figure 21. Although the record is
discontinuous, the seasonal temperature pattern is evident. In late
September and early October, intragravel water temperatures decrease to
near 0°C and remain relatively constant until early May when they begin
to rise. This indicates that the source of the intragravel flow at this
mainstem site is likely subsurface flow originating from surface waters

rather than from upwelling.

3.1.1.2 Substrate Composition

Two methods were used during this study to evaluate substrate
composition at primary study sites: a Whitlock-Vibert Box sampling
method and a McNeil sampling method. Substrate composition data
obtained using each of these sampling devices at primary study sites are

presented in Appendix D (Tables D-1 and D-2).
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3.1.1.2.1 Comparison of McNeil and Whitlock-Vibert Box Samplers

To determine whether the two substrate sampling methods used in this
study provided comparable results, the dry weights and percentage of
substrate particles less than 0.2 cm (0.08 in) in diameter collected
using the McNeil sampler were compared to the dry weights and percentage
of subscrate particles less than 0.2 cm (0.08 in) in diameter collected
using the Whitlock-Vibert boxes (Figures 22 and 23, respectively). In
both cases, there appears to be a relatively good relationship between
the results obtained with the two types of samplers. For this reason,
only the McNeil substrate composition data were used in further
substrate analyses in this study. A comparison of sampling devices for
individual substrate size classes is presented in Appendix D (Figures
D-1 to D-7).

3.1.1.2.2 Substrate Composition at Study Sites

The percent dry weight by size class of substrate samples obtained with
the McNeil sampler over the range of substrate conditions observed at
the nine primary study sites, with the exception of Mainstem (RM 136.1),
are presented by study site and habitat type in Figures 24 and 25,
respectively. Data for the Mainstem (RM 136.1) site are not included
because the excessively large substrate particles at this site prevented
the proper use ogq;he McNeil sampler. Two McNeil samples, however, were
obtained at an alternative mainstem location (RM 138.9) which appeared
to have substrate similar to that typically selected by chum salmon for

spawning. These two samples have been included in the Figure 24 presen-
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tation for comparative purposes. In addition, the percentage of
substrate materials in each of the three smallest substrate size classes
(henceforv-urd termed "fines") for each of the above nine primary study
sites, grouped by study site and habitat type, are presented in Figures
26 and 27, respectively. The total height of each bar represents the
combined percent of fines, whereas, the internal bar divisions

correspond to individual fines size classes.

In general, these data illustrate that slough habitat study sites
contain smaller substrate materials and greater amounts of fines than
other habitat types. This is 1ikely the result of lower water
velocities within these habitat types. The mainstem habitat study site
had the largest substrate materials and least amount of fines present
whereas the side channel and tributary habitat study sites contained

intermediate amounts.

The percent composition of substrate materials collected using the
McNeil sampler in areas utilized for spawning by chum salmon at study
sites and grouped by habitat type, are presented in Figures 28 and 29,
respectively. In addition, the percent substrate composition of fine
substrates collected using the McNeil sampler at study sites utilized
for spawning by chum salmon are presented in Figure 30. In all cases
except the site at Mainstem (RM 138.9), the substrate samples were
collected within approximately 5.0 feet of a natural chum salmon redd.
The data for Mainstem (RM 138.9) were not collected at a chum salmon

redd, but rather, at a site that appeared to have a similar substrate
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compasition to that in areas utilized for spawning by chum salmon. It
is included for comparative purposes.

The variation in substrate composition of salmon redds is relatively
greater for the three largest substrate categories than for the three
smallest (Figure 28). For example, for substrates 1.0-0.08 in.
diameter, the percent composition varies from a low of 23% for the
mainstem site to a high of 47% for Slough 10. This represents a
difference of 24%. In contrast, for the three finer substrate
categories, the greatest variety between the sites in each category is
3.0%, 6.0% and 15.0%, respectively.

Substrate composition for the finest three size categories are compared
between study sites in Figure 30. Of all sites evaluated, two sites
[Fourth of July Creek and Slough 11(Subsite B)] contained less than 10%
total fines. Three additional sites [Slough 10, Mainstem (RM 138.9),
and Slough 21] contained less than 15% fines, and one site (Upper Side
Channel 11) contained greater than 20% fines. It is noteworthy that
both of the sites with the greatest amounts of fines (Upper Side Channel
11 and Side Channel 21) also contain extensive areas of upwelling.
These upwellings undoubtedly act to reduce the deleterious effects of

increased amounts of fines in the streambed.
The substrate composition of chum salmon redds is compared between

samples collected in different habitat types in Figure 29. In general,

slough and side channel habitat study sites contain relatively greater
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amounts of fine substrate materials and relatively lesser amounts of
larger substrate materials compared to tridbutary habitat study sites.
However, areas where salmon established redds in each habitat type
(Figure 29) contained fewer fines than the range of substrate materials

available in each habitat type (Figure 25).

3.1.2 Chemical Variables

3.1.2.1 Dissolved Oxygen

Comparisons of dissolved oxygen concentrations (mg/1) measured in
surface and intragravel waters in slough, side channel, and tributary
habitat study sites are presented in Figures 31-33, respectively.
These data, grouped for all study sites, are presented in Figure 34.
Similar plots for dissolved oxygen, expressed as percent saturation, are

included in Appendix C.

In each figure, there appears to be a general relationship between
surface and intragravel dissolved oxygen Tlevels 1indicating a
relationship between upwelling water and surface waters within each
habitat type. The relationship appears strongest for tributary habitat
study sites (Figure 33) and weakest for slough hahitat study sites
(Figure 31). It is interesting to note that the relationship for slough
habitat study sites does not appear uniform over the entire range of
concentrations, being much weaker (i.e., wider scatter of points) at low

and intermediate values than at higher values.
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:?b'ltats of the middle Susitna River,
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A summary of intragravel dissolved oxygen (DO) concentration (mg/1) data
is presented by study site and habitat type in Figures 35 and 36,
respectively. These data show that median DO levels are generally
lowest for slough habitat study sites, intermediate for side channel and
mainstem habitat study sites, and greatest for tributary habitat study

sites.

3.1.2.2 pH

Comparisons of pH levels measured in surface and intragravel waters in
slough and side channel habitat study sites are presented in Figures 37
and 38, respectively. These data grouped for all study sites are
presented in Figure 39. Because this variable was not measured at all
standpipe locations, there were insufficient data for comparable plots
for tributary and mainstem habitat study sites. In general, these data
show that there is a relationship between pH values measured in surface
and intragravel waters in each of these habitat types, with the

relatioiiship being weakest for side channel habitats (Figure 38).

A summary of intragravel pH levels is presentad by study site and
habitat type in Figures 40 and 41, respectively. These data show that,
with the exception of Side Channel 21, slough and side channel habitat
study sites exhibit the same median pH values and are intermediate
between the lower tributary habitat study site levels and the higher

mainstem habitat study site levels.
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INTRAGRAVEL WATER pH
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Figure 37. Relatfonship between intragravel and

surface water pH levels. measured within
slough habitat of thq. middie Susitna
River, Alaska.
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Figure 38. Relationship between intragravel and

surface water pH levels measured within
side channel habitat of the middle Susitna
River, Alaska.
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INTRAGRAVEL WATER pH

CRAFT
pH (COMBINED HABITATSI
INTRAGRAVEL VS SURFACE

7.0 7.28 7.400 7.400 7.800 2.000 8.200 2400 2.500
.50 M . 8.500

i | :

i !

a C
mn; . 2,000

E i

i L

; t 2 1 s :
7.500 M ' 7.500

32 2

’ 1

P2 7 | :

i i

5 [ T 1 !
r.uo; 12 - 7.000

1 1 1

¥ , |
sl -

! i

b

7.000 7.200 1.460 1,400 1,800 8.000 5.200 0400 0.500
SURFACE WATER pH
Figure 39. Relationship between intragravel and
surface water pH levels measured within

s1ou?h and side channel habitats of the
middle Susitna River, Alaska.

81



C

*eNSe|y ‘J3ALY euUJ|SNS I|ppjw Y3 uj pojsad
J2JUiM  $g-£861 243 Dbujpanp sadjdpues
WY3m  paanseaw A |edjpojsad ejep pd
|@ARabRajUy Y] JO *33)S Apnys Aq ‘Aaeumng

==

-1 4 1=

S Y

IIIII ‘ltl‘lllIllll,‘llllllllll.iilll
( LR ) i
||||| fommmemmmssr=cemmmmsssssssas==
|||||||||||||||| frmmmmmmmm——
.................... H + :
|||||||||||||||| e ittt
cmfjummmma=
( === mmmnmen
B
nnnnnnnnnnnnnnnn Ppemana
........... A I L
frmccemcennem———
(=== ¢ ) [Fownsrsames
fommmmmemmmmne ==
lllllllllllll [ ]
........ ! N Ut '
lllllllllllll ‘
llllllllll frmemncnccn=
...... L ¢ U
llllllllll O

‘0 34nb} 4

HOHTIVN
0g°8

H¢ TIAVHSVHLNI

WOMININ
o'y

— — e

ENTETE T
AWE 40 WiV
12 W3 318

112 1S N
01 "W 01§

12 H9NOTS
11 H9NO1S

o0l H9NOS

82



C

“eyse|y
“19A}Y PUIISNS I|PPIW Y] U} pojadd A3JUIM
y8-€861 243 bupanp sadjdpuels ujyI M
paunseaw A||edjpojsad ejep Hd  [3Aedb
-eaju} Y3 30 ‘3adA3 jejjqey Aq *Auseumng

- - - -

MNNTTYN
or’e

Hi TIAVHSVHLNI

‘Iy 24nb)4
NILENMYN %
............. AUViINGIML
HO 30i8
' HONOT®
HOMININ
0’y

/AR - - -



DRAFT 2/11/85

3.1.2.3 Conductivity

The relationships between conductivity levels (umhos/cm) measured in
surface and intragravel water in slough, side channel, and tributary
habitat study sites are presented in Figures 42-44, respectively. In
addition, these data, grouped for all study sites, are presented in
Figure 45. In general, the relationship between conductivity levels
measured in surface and intragravel water appears to be well defined for
all habitat types except sloughs. In sloughs, the relationship appears
to be well defined for surface water conductivity values greater than
approximately 200 umhos/cm, but is less defined for values below this
point (Figure 42), indicating that surface water conductivities in these
habitat types are influenced by intragravel conductivities to a higher
degree in areas of upwelling.

A summary of intragravel conductivity data (umhos/cm) is presented by
study site and habitat type in Figures 46 and 47, respectively. In
general, slough, side channel, and mainstem habitat study sites have
relatively equal conductivity ranges in contrast to the tributary

habitat study site, which exhibits distinctly lower conductivity values.

3.2 Comparison of Embryo Survival at Study Sites and Habitat Types

The percent survival of chum salmon embryos and alevins is presented for
individual study sites in Figure 48. Two estimates of survival are
provided for subsites A and B in Side Channel 21 and Slough 1l.
Subsites A and B in Side Channel 21 are distinguished from each other
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because Whitlock-Vibert Boxes containing fertiiized eggs were installed
at two different times (approximately two weeks apart). Subsites A and
B in STough 11 are distinguished from each other because they represent
two distinct areas within this slough, and contained embryos originating
from different parental sources. Subsite A contained embryos from
salmon captured in Slough 11, whereas subsite B served as a control site
and contained embryos originating from salmon captured at Slough 21,
Side Channel 21, Fourth of July Creek, and Slough 11.

Four of the nine study sites evaluated [Side Channel 10, Slough 11
(Subsites A and B), and Fourth of July Creek] had survival rates between
10% and 15%. Of the remaining sites, two [Side Channel 21 (Subsite A)
and Slough 10] had survival rates lower than 10% and three [Side Channel
21 (Subsite B), Mainstem (RM 136.1), and Slough 21] had survival rates
greater than 15%. Survival of embryos in Slough 21 was more than twice
that in any other site.

Differences in percent survival of chum salmon embryos and alevins
within different habitat types are presented in Figure 49. Equal weight
was given to each study site, regardless of the number of Whitlock-
Vibert Boxes within each site. The mainstem habitat study site had the
highest survival rate (approximately 19%) and the tributary habitat
study site the lowest (approximately 9%) with slough and side channel
habitat study sites having intermediate survival rates (approximately

17% and 11%, respectively).
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3.3 Effects of Physical, Chemical and Biological Habitat Variables

on Embryo Survival at Study Sites and Habitat Types

A quantitative evaluation of the effects of selected physical and
chemical habitat variables on embryo survival in this study was limited
in that large numbers of WVBs at study sites dewatered and froze
resulting in the total mortality of embryos in the affected WVB's.
Therefore, in order to discern the differences between effects on
survival due to dewatering and freezing versus other habitat variables,
dewatered and frozen WVBs were removed from further analyses. This
resulted in vastly reduced embryo survival data to analyze the effects
of other physical and chemical variables on embryo survival.

3.3.1 Physical Variables

The effects of dewatering and freezing on embryo survival within habitat
types and at individual study sites are depicted in Figures 50 and 51,
respectively. in each figure, the estimate of the total percent
survival of embryos in study sites and habitat types are presented as
the left bar, and the percent estimate of survival of embryos at the
same study site or habitat type after eliminating dewatered and frozen
samples as the right bar. The difference between the left and right
bars within a study site or habitat type represents the proportion of
the embryo mortality attributable to dewatering and freezing.
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The data in Figure 50 show that when dewatered and frozen samples are
taken into account, survival is highest in mainstem and slough habitat
study sites and lowest 1in tributary and side channel study sites.
However, when dewatered and frozen samples a'e excluded from the
survival estimates, side channel habitat study sites exhibit the highest
survival rates followed by mainstem, slough, and tributary habitats.
Such differences are 1ikely attributable to differences in the degree cf
influence upwelling has 1in each of these habitat types. The
relatively high survival indicated for the mainstem habitat, however, is
1ikely due to the consideration that was taken to specifically select a
site which would not dewater and freeze (see section 3.2). For this

reason, care must be taken in the interpretation of these numbers.

The data also show the variable nature dewatering and freezing effects
had on embryo survival at individual study sites of a particular habitat
type. The absence of any bars associated with Side Channel 21 (Subsite
A) indicates that all implanted embryos at this site dewatered and
froze. The study sites least affected by dewatering and freezing
included Sloughs 11 (Subsite B) and 21, and Mainstem (RM 136.1). Lack
of freezing in the two slough study sites was largely due to the
influence of upwelling which served to keep the sites
buffered from both dewatering and freezing, whereas the absence of
freezing at Mainstem (RM 136.1) is likely due to the consideration that
care was taken to specifically avoid this problem during the site
selection process. Of the remaining study sites, Side Channels 10 and

21 (Subsite B) were influenced most by dewatering and freezing, followed
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in decreasing order by Slough 11 (Subsite A), Fourth of July Creek, and
Slough 10.

The relationship between survival of embryos and the percent of fine
substrates (< 0.08 in. diameter) within WVBs removed from artificial
redds within study sites is presented in Figure 52. In general, embryo
survival decreases with increasing amounts of fines in the substrate.
The four points in the upper right hand portion of this figure which
appear to contradict this trend were located in areas of major concen-
tration of upwelling. It is likely that the relatively high survival at
these sites, which have high concentrations of fines, is related to the

relatively higher rate of intragravel flow at the<e sites.

The relationship between survival of embryos and intragravel waier
temperature at study sites is presented in Figure 53. Based on the dita
presented in this figure, there does not appear to be a relationstip

between these variables.

3.3.2 Chemical Variables

The relationships between selected water quality variables (dissolvad
oxygen, pH, and conductivity) and embryo survival at all study sites are
depicted in Figures 54-56. Plots in each figure are derived from data
presented in Appendices C, D, and F. In cases where multiple
measurements of water quality variables were present, the lowest

measured value was used in the plot.
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There was no strong relationship fdentified between any of the water
quality variables evaluated and the percent survival of embryos. For
this reason, plots grouping study sites by habitat types were not
constructed. In the plot for conductivity, a relationship was not
evident. The plot for pH contained too few data points to enabie any
firm conclusions to be made. However, the absence of high survival
values at lTow pH indicates the pH may affect embryo survivai at low pH
values. A similar pattern is evident with dissolved oxygen. No strong
relationship is evident between embryo survival and dissolved oxygen
(DO) at DO concentrations greater than 2.5 mg/1, whereas at DO concen-

trations less than 2.5 mg/1 survival rates are near zero.

3.3.3 Biological Variables

3.3.3.1 Development of Chum Salmon Embryos

Data on development of chum salmon embryos are presented in Appendix F.
Data is reported for eight study sites: Fourth of July Creek, Sloughs
10, 11, and 21, Side Channels 10, 21 and Upper Side Channel 11, and
Mainstem (RM 136.1). The majority of these data were taken from
experimental development sites established by ADF&G. However, a limited
amount of data was also obtained from natrual redds and these data are

included here.
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3.3.3.2 Flatworms

In this study, a relatively large proportion of embryos were missing at
the time when Whitlock-Vibert Boxes (WVBs) were removed from the
substrate. The number of embryos missing from each WVB is reported in
Table F-2 of Appendix F. The mean number of embryos missing at each
site is expressed as a percent of the total for each site as follows:
Fourth of July Creek (22%); Side Channel 10 (1.2%); Slough 10 (35%);
Mainstem (RM 136.1) (9%); Upper Side Channel 11 (80%); Siough 11,
Subsite A (32%); Slough 11, Subsite B (73%); Side Channel 21, Subsite A
(1%); Side Channel 21, Subsite B (8%), ard Slough 21 {9%).

At the time when embryos were removed from WVBs, it was observed that a
large number of flatworms were usually present in boxes where large
numbers of embryos were missing. Therefore, the relative number of
flatworms present in each WVB was ranked at the time of removal and an
experiment was initiated to attempt to determine the ratz that embryos
disappeared from WVBs once they were dead (Table 3).
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Table 3. Condition of dead embryos at time of removal from substrate.

Flatworm
Sample No. Embryos Fungal Abundance
Location Number Date Recovered Condition Rank
Slough 11 1 28 March 1984 10 of 10 Tow 3
Side Channel 10 1 30 March 1984 10 of 10 none 4
Slough 11 2 10 April 1984 & of 10 medium 3
Side Channel 10 2 13 April 1984 10 of 10 Tow 4
STough 11 3 17 April 1984 10 of 10 high 4
Side Channel 10 3 17 April 1984 10 of 10 Tow 4
STough 11 4 2 May 1984 10 of 10 high 3
Side Channel 10 4 2 May 1984 10 of 10 low 4

* A1l Whitlock-Vibert Boxes containing embryos were installed in the
streambed on 2 March 1984.
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4.0 DISCUSSION

A discussfon of the physfical and chemical water quality of incubation
habitat conditions for chum salmon and their relationships to mainstem

discharge is presented in this chapter,

Incubating embryos require a supply of water which is of suitable
temperature, contains an ample concentration of dissolved oxygen, and is
free of toxic substances. In addition, the supply of water which
reaches the embryo must be replenished at a rate sufficient to remove
metabolic waste products. Therefore, the successful development of
embryos is directly related to both the physical and chemical charac-

teristics of the source of water surrounding the developing embryos.

4.1 Physical, Chemical, and Biological Variables Associated with Chum

Salmon Incubation Habitats

4.1.1 Upwelling

In the middie Susitna River, adult chum salmon have been observed to
favor areas containing upwelling as sites for spawning
(ADF&G 1983b: Appendix C, D; Vincent-Lang et al. 1984). This
characteristic of chum salmon has also been reported in other areas
(e.g., Kogl 1965; Lister et al. 1980) indicating that upwelling is a
favorable environmental factor affecting the survival and development of
embryos. The importance of upwelling to iacubating embryos is due to

several reasons:
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1) it reduces the iikelihood of dewatering and freezing;

2) it provides a relatively stable incubatiorn environment
(especially temperature) for developing embryos less affected

by variations in local climatic conditions; 2nd

3) 1t increases the rate of exchange of water over the developing
embryos which would enhance replenishment of dissolved oxygen

and removal of metabolic wastes.

Upwelling and surface water are the two primary sources which contribute
water to the intragravel environment (McNeil 1966). The extent to which
each source contributes to the intragravel water at the location of a
particular redd depends upon a variety of other factors, which in the
Susitna River are poorly understood.

Interchange between the surface and intragravel water is highly vari-
able, depending on the turbulence of water in the stream and physical
characteristics of the streambed (Vaux 1968). Factors which enhance
high levels of dissolved oxygen in intragravel environments include high
streamflow, high streambed gradient, unever streambed surface and coarse
bed material (McNeil 1969). In addition to these factors, the composi-
tion of the substrate also affects the rate of exchange of water to
incubating embryos based on the permeability of the substrate (Pollard
1955).
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In general, slough habitats in the middie Susitna River are affected by
upwelling to a greater extent than are other habitat types.
Upwelling areas are also evident in side channel, tributary, and
mainstem habitats, but to a lesser and more variabie extent. As a
result, the beneficial effects of reduced dewatering and freezing of
substrate, relatively stable intragravel temperatures and increased
intragravel flow 1is afforded to slough habitats over other habitat
types.

4.1.2 Dewatering and Freezing

Freezing of artificial redds associated with surface dewatering was
determined to be the most important factor contributing to the high
mortality of chum salmon embryos in this study. Because it was observed
that the substrate in the streambed of almost all dewatered surface
areas of sloughs could soon freeze in sloughs lacking an upwelling water
source, the effects of surface dewatering in areas lacking upwelling
were considered synonymous with the freezing of substrate in this study.
The potential effects of surface dewatering and associated freezing
conditions of substrate are included here because it is likely that the
influence of dewatering and freezing of habitat without an upwelling
water source may be of greater significance under post-project
conditions if mainstem river stage fluctuates appreciabliy in response to

nower demands.

Surface water fluctuations which affect the presence or absence and rate

of upwelling will aiso be of significance. Dewatering of the
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intragravel water environment of a salmon redd results in significant
changes in the incubation environment within which embryos develap
(Reiser and White 198la, b; Neitzel and Becker 1983; Neitzel et al.
1984). Two primary effects of these changes are the direct exposure of
the embryos to desiccation of respiratory structures and to increasea

temperature fluctuations, especially freezing (Neitzel and Becker 1981).

The effects of desiccation on embryo survival varies with the stage of
embryonic development (Becker et al. 1982). Experimental studies
indicate that incubating embryos are more tolerant of dewatering than
alevins primarily because of the differences in their respective means
of respiration (Neitzel and Becker 1983). Alevin respiration involves
delicate gill structures that cannot function without a water medium;
whereas, respiration of pre-hatched embryos involves a transfer of
oxygen across the egg membrane, requiring only that the membrane remain

moist.

The deleterious effects of temperature fluctuations, especia’ly
freezing, to embryos resulting from dewatered salmon redds in the midcle
Susitna River involve cold and/or freezing temperatures during the ice
covered season. Cold, but nonfreezing temperature conditions cin
contribute to embryo mortaiity in dewatered redds if the conditions
occur prior to the embryonic stage when the blastopore closes (this is
further discussed 1in Section 4.1.3). In comparison, freezinj
temperatures cause embryo mortality regardless of the stage of embryonic

110

. :



DRAFT 2/11/85

development prior to hatching. The ability of alevins to transport
themselves through gravels to favorable envircnments reduces the effects

of localized freezing on them relative to unhatched embryos.

Although the iength of time from initial dewatering of an area which is
lacking upwelling to the time when cthe substrate was frozen to a depth
of 8-10 in. (depth at which WVBs were placed) is unknown, it undoubtedly
depends upon site specific features such as ambient air temperatures,
proximity to thermal influences of upwelling, and the depth of the snow

cover.

The areas which were observed as being thc most susceptible to high
embryo mortality due to surface dewatering and freezing in this study
were those most directly influenced by mainstem stage at the time when
fish were actively spawning (mid August - mid September) and lacking an
upwelling water source. These areas include the mouths of both sloughs
and tributaries, major portions of side channels, and peripheral areas
in the mainstem river. In each of these areas. water levels were
significantly higher during the spawning period when fertilized eggs
were deposited. However, as the mainstem discharge decreased to winter
fiows, these areas progressively became dewatered and exposed to freez-
ing ambient temperatures. This ulitimately resulted in a frozen sub-
strate environment and the salmon embryos deposited within the dewateied
redds. Areas which are thermally influenced by strong upwelling sources
(e.g., mouth area of Slough 11) or dewatered areas adjacent to areas of
flowing water (e.g., Side Channel 21) were protected from the winter

surface dewatering and associated freezing conditions.
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The effects of dewatering and freezing of embryos was clearly evident in
the progression of seasonal events which occurred in Side Channel 21.
Forty Whitlock-Vibert Boxes containing chum salmon enbfyos were
initially placed in this side channel at the end of the spawning season
in late August. These WVBs were buried approximately 8-10 inches in the
substrate and did not include the deeper section (thalweg) of the site.
At this time, the mainstem discharge was 27,000 cfs at Gold Creek and
this side channel area was breached. Approximately two weeks later, the
discharge in the mainstem dropped to 11,100 cfs. As a result, the side
channel was no longer breached, and the local flow in this side channel
was significantly reduced. The majority of the locations lacking an
upweli!ing source where WVBs had been implanted two weeks earlier had
dewatered. Therefore, twenty additional WVBs were instailed in the
remaining wetted area of the channel in the same manner as during the
high flows. The flow continued to decrease throughout the winter but
the majority of locations at which additional WVBs had been installed
during the lower flows remained wetted. Al1 the embryos in the forty
WVBs which were initially installed during the eariier period (August
27) died due to dewatering and freezing whereas, in the latter set of
20 WVBs installed after the water level dropped, 11 WVBs contained
1iving embryos at the time of sampling. This example clearly indicates
that the water level at the time when fish are spawning is important in
determining the amount of wetted habitat available for spawning, but
that the effective area in which embryos survive depends upon either
water levels which occur after the spawning period or the presence and

persistence of upwelling.
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4.1.3 Substrate

The composition of substrate is of critical importance in determining
the survival of embryos to emergence. The substrate provides the
physical structure within which embryos are placed and thus is the
medium through which the intragravel water must flow in order to supply
embryos with necessary oxygen and to transport waste metabolites away
from the embryos. These two processes occur simultaneously and are both
dependent upon a variety of physical factors such as the composition of
the substrate, gradient of the streambed, rate of exchange between
surface and intragravel water, relative importance of upwelling, depth
and permeability of the gravel, and the configuration of the surface of
the streambed (Vaux 1962). Although each of these factors may influence
the rate of intragravel flow to various degrees, the composition of the
substrate has received the most attention by researchers. In general,
researchers agree that the amount of fine substrate particles in the
spawning gravels is a primary factor affecting mortality of embryos and
alevins. High levels of fines reduce the intragravel flow which may
result in oxygen deprivation and toxic build-up of waste metabolites.
However, despite the general consensus that "large" amounts of "fine
sediments” are detrimental to survival of salmon embryos, there is much
variation in the literature in defining what constitutes “large" amounts
and what particle sizes should be regarded as "fines". Table 4 presents

a summary of these literature on this topic.
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In addition to restricting intragravel flow of water, large amounts of
fines also restrict fry from emerging from the substrate (e.g., Dill and
Northcote 1970a). Fine substrate reduces the interstitial spaces
between larger substrate particles. This results in entrapment of
emerging fry, especially large fry (Wells and McNeil 1970).

The composition of substrate varies extensively between habitat types
in the middle Susitna River. This characteristic is evident in the
preparation of fines reported for McNeil samples collected in each
habitat type (refer to Figure 27). Based on ‘the small number of samples
collected, slough habitats contained more than twice the percent of
fines as tributary and mainstem habitats (Figure 27). Side channel
habitat contained intermediate amounts of fines. However, spawning
salmon within each habitat type apparently succeed in selecting redd
locations with substantially less fines. For example, even though
slough habitats contained more than 35% fines for combined slough
samples (Figure 27), the percent of fines present in chum salmon redds
obtained at various sites did not exceed 16% (refer to Figure 30) in
five of the six sites evaluated. (Samples from the mainstem site were

not obtained at redds).

Substrate data cbtained with Whitlock-Vibert Boxes revealed similar
results. With the exception of four outlier points, the data
represented in Figure 52 indicate that embryo survival approaches zero
when fines exceed 16%. Thus, based on data obtained in this study, it
appears that chum salmon typically select redd locations in areas

containing less than 14% fines (< 0.08 in. diameter).
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0f the four habitats evaluated, the greatest risk for adverse effects
involving substrate/dissolved oxygen interactions exist for slough
habitats. Slough habitats are used extensively by chum and pink salmon
for spawning; yet, they contain the highest levels of fine substrates
and lowest levels of intragravel dissolved oxygen. This apparent
contradiction is best explained in terms of the ameliorating effects of
the upwelling systems which apparently maintain an adequate flow of
water through the gravels even though the DO levels are relatively low.
In addition, as stafed previously, the upwelling water prevents the
substrate materials from dewatering and freezing. Thus, it appears that
the single most important feature which maintains the integrity of the
incubation habitat in sloughs (and localized areas in side channel and
mainstem habitats) is upwelling. If there is an alteration in the
quality or quantity of water supplied to sloughs via the upwelling
system, it will undoubtedly result in alterations in the quality of the
habitat for incubation of chum salmcn embryos. In particular, if the
quantity of water is reduced, the rate of exchange of intragravel DO may
also be reduced.

4.1.4 Water Temperature

Two primary effects of water temperature on the development and/or
survival of salmon embryos involve the effect of temperature on the rate
of embryo metabolism and the effect of temperature as a stress factor.
The water temperature of the intragravel environment in which embryos
are incubated is a primary determinant of the rate of basic embryonic
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metabolism within the tolerance limits of a given species of fish. A
rise in temperature will result in a corresponding rise in metabolic
rate. This development is more rapid at higher temperatures. However,
the ecological effects of an altered rata of development is varied. For
example, if the average daily intragravel water temperature is increased
in mainstem-affected habitats as a result of construction or operatio:
of the proposed Susitna dams, it would undoubtedly result in a
corresponding increase in the rate of development of incubating embryos
in these habitats.

Another direct effect of water temperature is its role as a stress
factor. Thermal stress resulting from excessively high or low tempera-
tures may result in increased mortality of embryos. These effects are
most pronounced in salmon during the period of development before the
closing of the blastopore (Combs 1965; Bams 1967; Velsen 1980). For
chum and sockeye salmon from the middle Susitna River, 3.4°C was
reported as the temperature below which mortalities were observed to
increase (Wangaard and Burger 1983). [In chum salmon, blastopore
closure is complete when embryos have accumulated approximately 140
thermal units (TUs) (Combs 1965)]. For pink salmon, Bailey and Evans
(1971) defined a lower threshold temperature of 4.5°C (Table 5). Below

this temperature, mortality of embryos is increased.
In addition to dewatering and freezing of salmon embryos, thermal stress

in incubating habitats in the middle Susitna River is likely to result

from the occurrence of "overtopping” or "breaching” of the upstream end
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Table 5. Observed temperature ranges for embryo/alevin life stages of Pacific
salmon [(table derived from AEIDC (1984)].

Species Reference

Chum McNeil (1966)
Merritt & Raymond (1982)
Sano (1966)
McNeil & Bailey (1975)
Kogl (1965)
Francisco (1977}
Raymond (1981)
ADF&G (1983c)
Wangaard & Burger (1983)

Pink Bell (1973)
Bailey & Evans (1971)
Combs & Burrows (1957)
McNeil et al. (1964)
Godin (1980)

Bell (1973)

Combs (1965)

ADF&G (1983c)

Waangard & Burger (1983)

Bell (1973)
Combs (1965)

Sockeye

Chinook

Alderdice & Velsen (1978)

Coho Bell (1973)
McMahon (1983)

Incubation
Location Temperatures (°C)2
Southeast Alaska 0-15.0
Noatak River, Alaska 0.2-9.0
Japan 4
Southeast Alaska 4.4
Chena River, Alaska 0.5-4.5
Delta River, Alaska 0.4-6.7
Clear, Alaska 2.0-4.5
Susitna River, Alaska 0-7.
Laboratory 0.5-8.0
4.4-13.3
Southeast Alaska 4.5
Laboratory 0.5-5.5
Southeast Alaska 1.0-8.0
Laboratory 3.4-15.0
4.4-13.3 b
Laboratory 4,5-14.3, 1.5
Susitna River, Alaska 2.9-7.4
Laboratory 2.0-6.5
5.0-180
Laboratory 1.5
2.5-16.0
4.4-13.3
4-14, 4-10°

’ Single temperature values are lower observed thresholds.

b After eggs had developed to the 128-cell or early blastu’a stage at 5.5°C.

€ Optimum range.
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of slough and side channel habitats with cold water from the mainstem.
The inundation of these habitats with water from the mainstem Susitna
River will undoubtedly result in a rapid and significant reduction in
the intragravel water temperature. Such an event would alter the timing
of developmental processes and could be lethal to embryos if overtopping
occurred before embryos have developed past the point of blastopore
closure. Thus, the deleterious effects of overtopping will be greater
during the early weeks of the incubation period. For example, if chum
saimon eggs were fertilized on September 1, and are incubated at 4°C,
closure of the blastopore would occur during the first week of October
(approximately 35 days later). If overtopping occurred after the first
week of October, and affected the temperature of intragravel water of a
redd site, the 1ikelihood of mortality due to thermal stress would be

greatly reduced.

Temperature may also affect embrycs indirectly through its influence on
other variables such as dissolved oxygen. In addition to increasing the
metabolic demand for oxygen by embryos, an increase in temperature
reduces the saturation level of oxygen in water. Thus, there is less
oxygen available and the demand is greater. Since oxygen concentrations
can also affect a large variety of developmental factors (see Section
4.1.5) this relationship to water temperature could be critical, partic-
ularly in areas where dissolved oxygen values are near threshold levels.
If incubation temperatures are higher, the increased metabolic demand
for dissolved oxygen may result in higher embryonic mortality in sub-
optimal habitat where the intragravel flow of water is restricted. This
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effect would be expected to be greatest in incubation habitats contain-
ing relatively large amounts of fine particles and also in areas lacking
upwelling. Such areas include the mouth areas of slough, side channel

and tributary habitats.

The seasonal pattern of variation of intragravel water temperature
varies distinctly between habitat types in the middle Susitna River.
Differences appear to be Tinked to the relative importance and source of
the upwelling water system supply in each habitat type. Areas heavily
influenced by upwelling water which exhibit a high degree of thermal
stability are buffered from the hazards of surface dewatering and
freezing (previously discussed). Sloughs such as 10, 11, and 2i fit
this pattern. Salmon embryos incubating in these areas accumulate TUs

at a relatively uniform rate.

In contrast, the intragravel thermal regime of tributary habitats and
probably most of the mainstem habitats is influenced primarily by
surface water. In thesé habitats, the seasonal variation in intragravel
temperatures is much greater. Tributaries typically have relatively
high 1intragravel water temperatures during the fall when spawning
occurs. These intragravel temperatures seem to be nearly identical to
the surface water temperatures which decline sharply in late October to
near freezing levels. Temperatures remain near freezing levels until
warming spring waters cause a sharp rise in temperature. The pattern of
accumulation of TUs for developing embryos is thus. very much dependent
upon the time when spawning occurs and the ambient temperatures which

control the surface and intragravel water temperatures.
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In early September, during the chum salmon spawning season, temperatures
in Fourth of July Creek were nearly 8°C (refer to Figure 20). However,
b} early October, intragravel water temperatures dropped to less than
2°C. Temperatures in this range may result in mortality of embryos iF
blastopore closure is not completed. This pattern of rapid decrease in
water temperature during September may account for the observad
differences in the timing of the arrival of chum saimon which spawn in
slough and tributary habitats. Although the difference in time of
arrival is not large, it appears that fish which spawn in tributaries

arrive earlier than fish which spawn in sloughs.

The thermal regime in the mainstem is similar in pattern to that of a
tributary. However, the water temperatures in fall and spring are mit
as high. As a result, this habitat type is not used extensively hy
spawning chum, presumably because they cannot acquire an adequate numbi:r

of TUs to complete their development.

Areas in the mainstem which are presently used by chum salmon fcr
spawning appear to be rastrict.ed to areas where upwelling
occurs. Presumably these areas afford a more favorable thermal regime
and enable development to be completed. An increase in the wate-
temperature in this habitat type may be beneficial to the incubation of
chum salmon in that a greater amount of habitat may be thermally
suitable for completing development. This increase in area is likely to
be closely linked to areas of upwelling.
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Side chamnel habitats are characterized by a high degree of thermal
variability. They typically undergo extensive dewatering, which is
generally followed by the freezing of the substrate. The primary areas
which provide suitable habitat for spawning chum salmon are relatively
small, localized areas of upwelling (e.g., areas in Side Channel 10),
and the relatively narrow, unfrozen channel which flows throughout the
winter (e.g., Side Channel 21). In general, this habitat type provides

poor incubation conditions.

4.1.5 Dissolved Oxygen

Although researchers generally agree that low concentrations of
dissolved oxygen (DO) result in deleterious effects in the development
and the survival of salmon embryos, there is considerable question as to
the precise level of DO which may be considered harmful. A summary of
documented effects of low dissolved oxygen on incubating salmon embryos
is presented in Table 5. Numerous studies have shown that low, but
non-lethal concentraticons of DO may result in a decrease in the rate of
embryonic development (Garside 1959), an abnormal progression of tissue
differentiation (Hayes 1949), a reduction in size of alevins at hatching
(Silver et al. 1963; Shumway et al. 1964), premature hatching (Alderdice
et al. 1958), and increased mortality (Wickett 1954, 1958; Alderdice et
al. 1958; Coble 1961; Phillips and Campbell 1961; McNeil 1962; Koski
1975).
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Consumption of dissolved oxygen by salmon embryos progressively
increases from the time of fertilization to hatching, with lower
threshold levels ranging from 1.0 - 7.0 mg/1, respectively (Alderdice et
al. 1958). There are two stages of embryonic development which are
particularly sensitive to DO levels. These include the period just
prior to the development of a functional circulatory system [approxi-
mately 200 Thermal Units (TUs) for chum salmon] and the period just
prior to hatching (Alderdice et al. 1958). Of these two periods, the
latter appears to be most sensitive to low dissolved oxygen levels. The
reasons for increased sensitivity to low DO levels during these two
pericds is related to the physiology and the timing of development of
the circulatory system in relation to changes in the biological demand

for oxygen in developing tissues.

During the first of the two sensitive periods, DO consumption for basal
metabolism is lower and embryos possess a physiological plasticity which
enables them to compensate for hypoxial conditions by delaying develop-
ment. This compensatory ability, however, is apparently lost after
embryos have acquired 200 TUs and developed a functional circulatory
system (Alderdice et al. 1958). Thus, the increased sensitivity of the
second sensitive period (just before hatching) results primarily from
its relatively higher DO requirement for basal metabolism compounded by
the loss of ability to compensate for increased DO consumption by
delaying embryonic development (Alderdice et al. 1958).

The respiratory exchange at the surface of pre-hatched fish embryos is

influenced by the processes of diffusion and convection (Daykin 1965;
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0'Brien et al. 1978). As the respiring embryo acts as an oxygen sink by
removing DO from the diffusion layer surrounding the outer surface of
the egg capsule, oxygen is replenished to the diffusion layer via
convection (0'Brien et al. 1978). In turn, the rate of replenishment of
DO to the surface of the egg capsule membrane is influenced by a variety
of other environmental factors, including the concentration of DO in the
intragravel water, the gradient of the stream surface profile, per-

meability of the gravel, and 1nterchhnge of oxygenated surface water.

Both the concentration and the rate of exchange of dissolved oxygen are
important characteristics which determine the suitability of the habitat
for successful incubation of salmon (Coble 1961). However, recommended
levels for both criteria differ. For example, McNeil and Bailey (1975)
recommend threshold DO levels of 6.0 g/l whereas Reiser and Bjornn
(1979) recommend 5.0 mg/1. Similarly, the recommended rate of
intragravel flow proposed by FPeiser and Bjornn was 20 cm/h whereas
Bell (1973) recommends a rate of 110 cm/h. It is likely that these
differences in estimates arise from differences 1in experimental
conditions. However, the criteria provided by Reiser and Bjornn seem to
be a bit Tow when compared to the experimental results performed on chum
salmon by Alderdice (1958). In these tests, 7.19 mg/1 DO at an
intragravel flow rate of 85 cm/h was estab‘lisheci as the critical oxygen
level, below which the respiratory demand would not be adequately met
(refer to Table 6). These threshold criteria were developed for embryos
nearly ready to hatch (452 TUs) and thus are estimates at the time when

the demand for dissolved oxygen is greatest.
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To a large extent, the concentration of D0 in the intragravel
environment is a result of the concentration of DO in surface and
sources and their relative contribution of these twe sources
to the intragravel water supply. In the middle Susitna River, the
relative contribution of these two sources of water varies between two
extremes. In general, upwelling apparently dominates as the primary
intragravel water supply of slough habitats whereas surface water
dominates in tributary habitats (mainstem and side channel habitats seem
to vary between these two extremes).

In general, the concentration of dissolved oxygen (DC) in intragravel
water was consistently lower than surface water concentrations in each
habitat evaluated. However, the difference between intragravel and
surface water DO levels was greatest for slough habitat and least for
tributary a. ' mainstem habitats. Differences were intermediate in side
channel habitats. Thus, with the possible exception of sloughs, the DO
levels in most of the incubation habitat evaluated appear to be above
the recommended levels of 7.19 mg/1 established by Alderdice (1958).
However, in sloughs, the potentially adverse effects cf lower DO levels
are undoubtedly amelforated by the possible influence of 1in
providing a relatively consistent intragravel flow. In turn, the rate
of intragravel flow is intimately related to the permeability of the

substrate and is therefore discussed more fully in section 4.1.3.
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4.1.6 pH

A relatively broad range of pH values are considered acceptable for
successful incubation of salmon embryos. Leitritz and Lewis (1976)
report that values between 6.7 and 8.2 are acceptable, and that values
outside this range should be regarded with suspicion. The authors note,
however, that this range of values does not account for varying degrees

of sensiﬂvity to pH between species and/or species life-phases.

Rombough (1982) evaluated the sensitivity of pacific saimon embryos to
Tow pH levels (3.5 to 6.0) and found that sensitivity to pH varied with
species and developmental stage. He compared the sensitivity of each
species at three specific developmental stages (eyed embryos, newly
hatched alevins, and buttoned-up alevins), and found that the sensi-
tivity to Tow pH levels increased for each species with increasing stage
of development, but that the relative sensitivity of each species varied
depending on deveiopmental stages. For example, chum and pink salmon
were the most sensitive during the eyed and buttoned-up alevin stages,
but were less sensitive than soho, chinook or sockeye salmon during the
stage of nearly hatched alevins. In each of the three developmental
stages tested, pH levels were below 6.0. However, Rombough (1982) also
reported that he observed aberrant behavior in buttoned-up alevins of
pink and chum salmon at pH levels of 6.0-6.1.

Levels of pH in the 6.0 to 6.5 range are not typical of habitats in the

mainstem of the middle Susitna River. Natural pH levels in tne mainstem
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Susitna River typically vary between 7 and 8 during the winter,
occasionally dropping below 7 (Exhibit E). However, adjacent slough,
side channel, and tributary habitats generally have ‘lower pH values,
often ranging below 7, with occasional values below 5.5. In this study,
low survival rates occurred with low pH values, indicating that pH may

have an effect on embryo survival at Tower pH values.

In the spring, a drop in the pH levels in the mainstem river coincides
with increased runoff from the Susitna Basin (Acres 1982). This
phenomenon is common to Alaskan streams where tundra runoff is typically
acidic. If mainstem flows in the Susitna River are r.duced during the
spring runoff period during project operations, a relatively greater
proportion of the flow in the mainstem will originate from acidic tundra
runoff. This relationship is likely to result in pH values which are

lower than present and historical values.

The effect of lowered pH values in the mainstem may be indirectly
harmful to embryos or pre-emergent fry, depending upon the levels of
other variables. For example, Bell (1973) reports that Tow levels of pH
affect the tolerance of fish to low concentrations of dissolved oxygen
and that the sensitivity of fish to toxic levels of sodium sulfide,
cyanide, ammonia, and various metallic salts increases with decreases in
pH. Also, the synergistic effects of two cr more elements (particularly
metallic ions) may have adverse effects at much lower levels than either
one individually (Bell 1973). Thus, the effects of lowered pH values

cannot be evaluated independently, but must be considered in concert
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with anticipated changes in the overall ionic composition of the water

in each habitat where embryos are present.

4.1.7 Conductivity

Conductivity is a measure of the capacity of water to conduct an elec-
tric current. As such, it is an indication of the total concentration
of dissolved fonic matter in the water and is also directly related
with both water hardness and alkalinity (Lind 1974). However, this
variable is not of direct consequence to fish, but rather is a general
water quality indicator which is intricately related to the variables

above.

Below Devil Canyon, winter conductivity values in the mainstem river
range from 160-300 umhos (micro-mhos) while corresponding values of
total hardness and total alkalinity range from 60-120 mg/1 and 45-145
mg/1, respectively (Acres 1982). These values are at the lower end of
the suggested "optimal range" for fish (120-400 mg/1) precvided by Piper
et al. (1982). This is significant, because at very low alkalinities,
water loses its ability to buffer against changes in acidity and may
result in wide fluctuations in pH values which in turn may be detri-
mental to fish. In this study, however, there does not appear to be any
relationship between observed conductivity values and embryo survival

(Figure 54).
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4.1.8 Turbidity

The specific effects of various turbidity levels on the incubation
life-phase of salmon in the middle Susitna River are presently unknown.
However, excessive turbidity levels can have adverse effects on the
incubation 1ife-phase by smothering fish embryos (Piper et al. 1982).
This problem is treated as part of a larger probiem involving the
evaluation of the role of substrate composition on the availability of

dissolved oxygen to developing embryos.

4,1.9 Flatworms

It should be noted that there are many biological variables which could
potentially affect the development and survival of incubating salmon
embryos. Among these are effects due to vertebrate egg predators such
as sculpins, and invertebrate egg predators such as caddisfly and
stonefly larvae. In addition, loss or death of embryos can occur due to
bacterial, viral, protozoan, or fungal agents. This section is limited
to a discussion on flatworms which appeared to be associated with a
decrease in salmon eggs at some study sites. Evaluation of other
biological variables was outside the scope of this study and they are

not discussed in this report.

Relatively large numbers of embryos were discovered to be missing from -
Whitlock-Vibert Boxes at the time of removal. Missing embryos were
assumed dead for the purposes of this study; but the actual cause of

their disappearance remains undetermined. Because relatively large
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numbers of flatworms were present in WVBs in which embryos were missing,
it was suspected that they were scavenging on dead embryos. A simple
experiment conducted to establish the rate of scavenging by flatworms
was not conclusive, but indicated that it required more than a two ménth
period. The role of planarians in the removal of embryos from Vibert
Boxes was previously investigated by Heard (1978) in a stream in
southeast Alaska. After conducting tests with various combinations of
planarians and live and dead salmon eggs and alevins, he concluded that
the test planarians did not prey on and were not toxic to live embryos,
and did not feed on dead eggs unless the chorion was broken and egg
contents exposed. Based on the results of the experiment concucted in
this study and the conclusions presented by Heard (1978), the following
hypothesis is proposed as a plausible explanation for the disappearance
of embryos.

The most familiar type of fzeding pattern followed by planarians
involves the protrusion of a muscular pharynx out through the mouth
where soft and disintegrating animal tissues are sucked up into the
gastrovascular cavity (Penrak 1978). Thus, if the egg capst . is
intact, it is 1ikely that planarians are not able to utilize them as a
food source. This is consistent with Heard's conclusion that planarians
did not feed on dead eggs unless the chorion was broken or egg contents

exposed.
Additional evidence from the experiment conducted in this study suggests
that colonization of dead eggs with fungi may be a necessary "con-

ditioning process" which must occur before planarians can successfully
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scavenge dead eggs. Presumably, the fungal hyphae penetrate the egg
capsule and cause the egg to "break apart." After this occurs, the egg
contents would be exposed and suitable for successful scavenging by
planarians. Although the initial “processing" of the egg capsule by
fungi appears to require at least two months, it is suspected that
complete removal of the egg contents by planarians would be a much more

rapid process in areas where planarian densities are high.

4.2 Conclusions/Recommendations

4.2.1 Conclusions

1. Dewatering and freezing of salmon redds were identified as the
most important factors contributing to the high levels of
embryo mortality found in habitats used for chum salmon
incubation in the middle Susitna River. In general, these
factors were most pronounced in side channel habitats and
least pronounced in slough habitats which were protected from
cold surface water overtopping and where upwelling was more

prevalent.

2. Upweliing was the most significant environmental
factor affecting the development and survival of salmon
embryos incubating in slough, side channel and some mainstem
habitats of the middle Susitna River. The importance of
upwelling to incubating embryos is due to the

following reasons:
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a) It eliminates or reduces the likelihood of dewatering or

freezing of the substrate environment from occurring;

b) It provides a relatively stable intragravel incubation
environment, buffering it from variations in Tlocal

surface water and climatic conditions; and,

c) It increases the rate of exchange of intragravel water
over the embryos which enhances the replenishment of

dissolved oxygen and the removal of metabolic wastes.

The total surface water area of wetted habitat available at
the time when adult salmon are spawning is not a good
indicator of the success of that area as incubation habitat.
The wetted surface area in terms of incubation primarily
deperids upon the relationship of wetted surface area to the
availability of wetted intragravel environments occurring

after the spawning period.

The pattern of accumulation of thermal units for developing
salmon embryos varies between spawning habitat types for the
micdle Susitna River. A general thermal regime describing the
incubation period for each habitat type can be stated as

follows:
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Tributary habitats typically have intragravel water
temperatures which are strongly influenced by surface
water temperatures. This results in high intragravel
water temperatures during the fall and spring months with
near freezing water temperatures (0.0 to 8.0°C) during

the intervening winter months;

Slough habitats generally have stable, relatively high,
intragravel water temperatures (0.0 to 6.9°C) throughout
the incubation period due to the influence of suitable

upwelling sources;

Mainstem habitats typically have winter intragravel water
temperatures (0.1 to 0.9°C) which are strongly influenced
by surface water temperatures, similar to tributary
habitats except for colder water temperatures during the

fall and spring periods; and,

In general, winter intragravel water temperatures (0.0 to
12.5°C) in side channel habitats are quite variable and
may reflect any of the patterns exhibited by the other
habitat types depending upon the relative influences of
and relationships between upwelling and surface water

sources.

Significant mortalities of salmon embryos due to thermal

stress are anticipated if altered flows increase the incidence
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of cold mainstem water overtopping siough and side channel
habitats having insufficient supplies of warmer upwelling or
local surface waters in the middle Susitna River during
fall and winter. If post-project mainstem water temperatures
are warmer than existing winter temperatures, this thermal

problem associated with overtopping will be ameliorated.

In general, slough habitats of the middle Susitna River
contain greater amounts of fine substrate (38%) compared to
side channel, tributary and mainstem habitats (19%, 13%, 12%

respectively).

Areas where salmon established redds in each habitat type
contained fewer fines than the range of substrate materials

available in each habitat type of the middle Susitna River.

With the exception of slough habitat, dissolved oxygen (DO)
lTevels in most incubation habitats of the middle Susitna River
during the winter period are generally above the recommended
levels of 7.19 mg/1 established by Alderdice (1958). Al though
DO levels in intragravel water of slough habitat are generally
lower (0.4 to 12.3 mg/1), the potential adverse effects of low
DO are undoubtedly ameliorated by the influence of upwelling,

depending upon site specific conditions.

The pH levels present in incubation habitats of the middle

Susitna River (6.2 to 8.3) are within the lower range of
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acceptable limits but do not appear to be detrimental to
embryo survival and development. However, the indirect
effects of Tow pH levels interacting with other water quality

parameters may result in unpredictable side effects.

10. Conductivity values in incubation habitats of the middle
Susitna River (24 to 283 umhos) are within acceptable limits
and do not appear to have any direct adverse effects con

incubation embryos.

11. The relationship between sediment composition, flushing flows
(Estes 1985), and mechanical ice processes are unknown in
these habitats, but may become a significant factor for

successful incubation under post-project conditions.

4,2.2 Recommendations

The results of this study have provided some preliminary conclusions
describing the environmental conditions affecting the incubation life-
phase of chum salmon in the middle Susitna River. The recommendations

outlined below are designed to strengthen and expand these conclusions.

One area requiring additional investigation is an evaluation of the
"effective spawning" area. Milhous (1982) defines this concept as the
spawning area that does not dewater during the following incubation

period. Previous studies have developed weighted useable area curves
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describing the spawning habitat area available for both pre-project and
post-project conditions on the middle Susitna River. However, spawning
habitats will not produce saimon fry if the intragravel environment
becomes dewatered during the incubation period. Consequently, the
survival of salmon embryos in spawning areas must be evaluated based on
the incubation flows during the winter months. With the present
understanding of the deleterious effects of freezing on dewatered
spawning habitat, the need to fully evaluate the effective spawning area

becomes more apparent.

In addition to evaluating the effective spawning area, the effect of
"power peaking" on incubating salmon embryos in the middle Susitna River
requires investigation. The concept of power peaking refers to the
change in stage of mainstem flows throughout the winter as a function of
energy demand during project operations. Of particular interest, is the
extent to which the proposed winter flows will water/dewater incubating
embryos based on fluctuating flows from power peaking. Since the
results of this study indicate that dewatered areas invariably freeze,
power peaking effects‘may increase the proportion of embryo mortalities

caused by freezing.

Insufficient data are available to project the influence of mainstem
discharge on sources of local flow such as upwelling during unbreached
conditions. This information will be required to refine these analyses
and is essential for evaluating the impacts of proposed post-project
temperature and flow scenarios and mitigation options designed to

compensate for impacts.
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