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ABSTRACT

Tne effects of an anticipated sport fismery for Arctic gravling on cne
tridbutary streams of tne upper Susitna basin is 2xamined 5y modalling
tne effascts of nyootnetical narvest. The incrazsed levels of merzaiicy
craated by a sport Iisnery cause a rapid sniit in tne age structure anc
consequently tne size of tne fisn caugnt. To wmaintain a "tToznv"
fisnerv on a sustained vield basis, a catch and release fisnery appears
to be warranted. Under tne assumptions of tne model, tne total number
of all fisn caugnt is not substantially raduced witn ccmparativel; nizn
levels of <{isning. Possibie explanations of tne diiferences Iin
populacion structures of tne Deadman Creek drainage and tne impoundment
tributaries are discussed.
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1.0 INTRODUCTION

During tne 1983 studies on tne upper Susitna basin .Arccic grayling
populations, data were obtained tnat are useful in revision of tne
population dynamics model wnicn was constructed from 1982 daca (ADF&G
1983a). We obtained refined data on age estimates by examination of
otolitns in addition to a broader sample of spawners during tne spring
of 1983. In addition, a study was conducted on Deadman Creek outside of
tne proposed impoundment boundaries (see Part | of tnis volume). In
tnis report, we examine tne effects of reclassification of tne ages of
fisn collected auring 1982 on tne conclusions of tne earlier modal. e

also explore eflacts of various levels of exploitation on tne r=p

L4 ]
Q
|

cduczion of tnese pcpulations. Thne effects of caten and release ma=-
nagement strategias on narvest of tnese Zisn and comparisons of cthne
Deadman Creek population witn tne otner tributaries are included. Tne
informaction presented snould be useful in developing a mitigation plan
for dealing wicn the effects of increased exploitation of tne Zisn s=-

tocks associated witn iaproved accers.
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2.0 METHODS

2.1 Study Locations

The approximate location of the sampling sites are depicted in Figuras 1.
The data collected for the tributaries within the impoundment zone were
primarily obtained during the summer of 1982, with spawning data and
otoliths obtained from these tributaries during late May and early June
of 1983, Detailed descriptions of the sampling sites and study loca-
tions were described in ADF&G (1983b) and in Appendix I of ADFiG
(1983a). The remainder of che data were obtained from the Deadman Creek
drainage during the summer of 1982, These data are reportad in Part |

of this report.

All darta collection methods are described in ADFAG (13933a, 1%38ib) and in
Part 1 of this raport. The only data not previously described arz the
otolith collections Zrom tributaries within the impoundment zone. These
otoliths were collacted along with scales, in an identical merhecd with
the collaction 3Jrccaduras emploved on Deadman Cree:r (Parsz LD, R

addizicn, l2ngth, sex, and spawning condicion wera ilso racordad.

2.3 Pata Amalysis

Data summaries rfrom the collection afforts of the open water :field

season of 1982 and 1983 were used to estimate diZfevent parameters of
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Figure 1. Study reaches used for modelling the population and harvest
ot Arctic grayling in the upper Susitng Basin.
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the Arctic grayling populations under study. These parameters include
length-age relationships using scales or otoliths, instantaneous rates
of natural mortality from catc¢h curves, density estimates from mark and
recapture studies, instantaneous rates of mortality from fishing pres-
sure, and percentage spawners of each age class. We independently
calculated these estimates from the Deadman Creek drainage study sices
and from the impoundment tributary studies, with the exception of the
instantaneous mortality rates from sportfishing. The sportfishing
mortality rates measured from the impoundment tributaries in 1982 were

used to describe projected fishing pressure mortality for both Deadman

Creek and the impoundment tributaries.

Fecundity estimates were derived from Tack(1974) which reflectad fecund-

ity ratas Irem Arctic grayling on tiie Goodpaster River.

E = 28.676 x L =4254.537

where:

E = number of eggs

L = langth in millimeters,

These relationsnips were appliad o boch the iopeoundment cribucary and

the Deadman Creek Zish populatioms.
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A population model which included incremental sport fishing exploitation
as a component was developed using the approach described by Clark
(1983) and also used by Allen (1955a, 1955b), Beverton and Holt (1957),
and Jensen (1981). The methcds duplicated Clark's studv except that
differential mortality rates were assigned to each of the age classes of
the populations. Equations used in the model are listed in Appendix 1.
The equations were entered into a commercial spreadsheet program which
features interactive graphics (l1-2-3 by Lotus Inc.). Most of che
illustrations of output of the model in this report are produced di-

rectly from this program.

This model does not address density dependent mortalitry of the agg :o

recruit portion of the lif= cyvcle. Constant recruitment was assumed.

ll!!!!IIIIIIIII--i
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3.0 RESULTS

3.1 Population Dvnamics of Arctic Gravling

During tne spring of 1983, we obtained additicnal information on the age
to maturity of tne Arctic grayling populations witnin tne tributary
streams adjacent to tne reacn of river to be inundated by tne Watama and
Devil Canyon impoundments. Otolitns were obtained from a range of sizes
of Arctic grayling and were compared to scale analysis (Figure 2). This
figure illustrates tne consistent pattern of underestimating &#¢e DV
scale analysis aiter age V. The otolitn raadings ars assumed Zo be :Ine
most accurate of the two. Tnis snift in age structur2 nas altered :ne

2stimates of tne nopulations previouslv recorded from tne 1932 studr

o

ADFXG 19832). Figure 3 Iilustratas tae diZfersnces usiag dcta scales
and otolitns for astinmating »nruilacions of :1é impoundment 3zravling,
Tne population estimatas Zor the youngest aged Zisn considered as jart
oI tne catcnable population nave snilted one vear wica tne Zour vear old
fisn now tne voungest conort of the population. The new poopulacicen
astimate for eacn age class using the revisad age structure information
is depicted in Tigure 4. This adjustment was made to consider spring-
saugnt S3isn tTo He beginning tha vear vather tnaa 2nding the Tasr,

- - 1.

A.Tocdza =ne sailc In ags sTTucture is guite iarze, ad cotal 2stingle
oZ tne population aifter accounting for cnis cnange is sinmilar to cne
1983 report (14,174 versus 13,750). The =atural survival rata ZSor the
age VI anc older fisn was estimaced to de 0.55 bv using a least squares
it to the catcn curve darta. Tfor purposes of modelling the population,

a survival rate of 0.75 was used for tne age III, IV, and 7V conorts of

tnis pooulation. These values were obtained iterativelv so tnat cthe
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model approximated the age class specific populations observed in the
field. The model reached a steady state after simulation of
approximately 13 generations. This method of estimation of natural
survival rates replaced the estimates used in the previous report which
relied on population differentials between each age class for survival
estimates. The revised population estimates suggested the constant
recruitment assumptions were sufficiently violated thatc ac:uallpopula-

tion estimaces of the younger cohorts could not be used to estimate age

specific survival rates.

The contributior of each age cohort cto the spawning population is
depicted in Figure 5. This analysis suggests scme four vear old femalss

became sexually mature and a higher percentage of ZIemales remained

mature until age Vil. The three

ish collactad over Age I wer=s all

'

"

males. 3Because otolith aging required killing cthe Iish, we did nect
sample large numbers of the older age classes. The larger Arctic
grayling capcured in both the impoundment cributaries and in Zeadman

Creek were usually males, which suggests higher mortali:y rates Zor

Zemales,

Tha population parametars of the represenctative reaches of Deadman CraelX

mave Deen cTagorzed iIn Pars 1 of this rTaporrt. Iha praganca I3 lezdzman
Craek fallis provides a 3>arrier cthat has isolatad cthis populaticnm irfca

the Arctic grayling porulation of the tridutariss within the proposed
impoundment boundaries. Population estimates by age class were not
possible because of the ccmparatively small numbers of fish that were

marked and recaptured in the population estimates conducted on specific
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reaches. Survival rates calculated from the least squares fit of the
catch curve data were J.76. This value was applied to the age VI and
older cohorts of this population. This value was aiso applied to the
age III. IV, and V cohorts for simulation of the populaticon by the
uodel. The population estimates for the baseline year of each age class
were approximated by choosing an initial recruitment of age III fish
that would provide a population estimate of age IV and older fish
similar to the number estimated by che mark and recapture mechods

reported in Part 1. This value is approximately 8000 fish for the reach

of Deadman Creek that is under consideration in this study.

3.2 Soort Fishing Harvest Model

. : s -2 -

a2 sport ifishing zcdal originalily reported {(ADTIG 19832a) has had miror
modificactions to ZIncorporate catch and release fishing. Also, we usad
the egg producticn and percent spawner data developed Ifrom field data
obtained during 1533 and frcom the literature sources described earlier
as input to the mocdel. The mocdel has been operated independentlv Zfor
the izpoundment cributaries and for Deadman Craek. In all casas, the
numbers of fish harvested refer to pcpulations within the reaches of all
oI the ctributarias within the beoundarias of the »roposed Zevil Zanron
and Tacana Iizpoundzents Or, ia tia 2ase 3I Ceadman TJaslk, ti.e raach
Sectween DJeacdman <Cr22k Ialls and DJeadman Laxe. unéar the constant
racruitment assumption of the models, sustained yiald profections were
obtained after ten generations of conmstant natural mortalitv acceopanied
with the type of fishing mortality being examined. Comparison of the

effects on 2gg production of sustained harvest (assuming 1007 mortality
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of all caught fish) with a catch and release fishery that produces only
107 mortality (90Z survival) of the fish that were captured is depicted
on Figure 6. Because of the average larger size and élder age of the
Deadman Creek fish, a more rapid decrease in the spawning cohort (and
consequently, egg production) occurs than under similar harvests in the
impoundment tributaries. The simulations of harvests of Deadman Creek
and the impoundment tributaries demonstrated similar trends so only the

Deadman Creek simulation plots for numbers caught under alternative

catch and release strategies are crovided.

Tigure 7 illuscraces the effect of increased harvest pressure on gzgrav-
ling assuming 100% mortalicy of all caught fish in the Deadman Cresk
studv area. Note that che maximum sustained vield of all fish occurs at
asour 40 hours per nil:2 annuallvy whereas the maximum yield of age IX and
older fish cccurs at less cthan 10 hours per mile. The effects of cacch
and release of sport caugnht fish o 90, 80, 70, 60, 50, and 075 of che
aumbers actually caught (assuming releases of fish without mortalicy) is
illustrated in the simulation output plot on Figure 8. The optimal
catzh rate is clearly a function of the percentage of the caught fish

successfully returned.

i

Jaadily, Jigura 9 dapicts cthe aumder of I{ish o

0

23Ch 332 cldss cauzgic
2ach year Teginning act the present (and assuming negligible Zishing
2ressure prior to the present) and continuing for the next ten years,
assuming 100 hours of fishing per mile of stream. Figure 9 also
4% Vs - h - < - SO* =

l..ustrates the erffacts of assuming 90%, 505 and no successul rescurn on

the catch over this period.
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4,0 DISCUSSION

-

The refinement of tne population and age structure data presented in
previous studies, in addition to new information on Deadman Creek and on
the spawning and maturity of ¢tne impoundment Arctic grayling
populations, nas provided a more precise loock atr cne erffects of
sinulated sport fisning narvests on thne impoundment tributariss and on
Ceadman Creek. The development oif tine project may provide additiona!
access and narvest prassure on the clear water tributaries draining into
tne Susitna River because of easy boat access into arzas wners now
nelicoprers or, in a small number of ar=zas, ZIlcat planes ara tae only
means by wnicn narvest of tnese fisn is possible. Altncugn tne trilu-
zariss tnat wera2 studied will oe irundaced, tne arsas above <tne
izpoundment zone previde similiar aabitat and, consequenclr £nase

-4

sorulacions will %e subjected =o increased narvests uncdar a Jost
oroisct scenmario. Tae Deadman Creek drainage is a likely candidaze o
nave the access woad for the davelopment of Vasama dam zarallaling ics
lznztn between tne lower portion of tne creek near the falls and Deacdman

Laka, Tne relatively large average size of Arczic grayling ia cwni

creek currently provides a troony qualicy fisnery tnat is unusual for

- [ 4 Ya=d . 4 1'9'% - . oo e Yy -

-ne upper Susitna dasia. Addisionally, zne dSarriar falls zear tna zoutn
> - - - - =ma~ - - - -~

22 L23CmAn LISl Wi 228 JUlCatac, 2--JWLn3 ST22 23532892 3nC SSLog3 <SS

tne populations of :tae iIzpoundment tributariss and Iead=an Craek,

Tae analysis presentad and tne Zollowing discussicn will attampt <o

astimate tne results of wvarious management altarnactives on the Zong tarz
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sport fishery within these streams. In addition, we will explore the
possible reasons why Deadman Creek produces larger Arctic grayling than

other impoundment tributaries and how the removal of‘passage barriers

may aifect this populaction.

The effects of sport fishing harvests on the population structure of
Arczic grayling has Deen investigatad >y Grabacki (1%8l) in the Chena
Aiver. Addicionaily, compucter models nave Deen used to describe scream
fisheries for a variety of species in the lower forty-eight (Clark at
al. 1980; Clark 1981, 1983). The model developed by Clark is similar to
the one usaed by us in these studies with mizor axeceptions. We dii zec
use the length structure of an age conort as a component in the zodel.
Sizulaction of sizes of fish was aporoximatad dv apolvying harvest racas
t¢ speciliic age classes. The slow zrowth anc T=2ascnabl2 aragicrabilizy
of the age class orf a Zish by its langch allowed harvescs 29 te
avaluatad using age classes directly with intarpretacion of the rasul:cs

5y 2xaminaticn oI :the age length data relactiocasaips. e also used azs

~

class specific fishing aortality ratas. Cur data Zrom hcok and lize
collicticn suggests a diffarential probadility of capture of ke

4 =&

iZZerent sizes of fish which is signilicant enough to aifact the

T - o - - R - = -y by T 1. - - .y = < b’ -
Tasu.lls. @ Jave odtailled ¢copies of the TORATAAN =odels usac 3r Clazk
..... alg <CFed LU Clmpare T258.33 Iin tae Iina. dral:t oI IRis Tagerss.

Grabacki (1281) did 2ot =ecel zhe harvests Hut dii asravids sommaracive

- -

(30

-
-

data on the structure of the populacion of zeavy and lighelw shed

——ya -

Jortions of the Chena River. This :Information is primarily af use in

comparing the ocutcomes oI our modal with actual resulcs of axploitacion.
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portion of Kosina Creek may be subjected to significantly more fisning
pressure tnan Deadman Creek because of tne publicity this lake received
during tne presidential tour of Jimmy Carter. The department nas
reduced the bag limit to two fisn per day on tnis lake. Increased

fisning mortality on tne system could not be separated from natural

mortality with the data base we nave available.

Tne second nypotneses, and one tnat may nave implications for removal of
tne fisn passage barrier, suggests that tne current population structure
is created by nign density dependent mortalitvy of tne vounger age class
Zisn. Tinis may occur because tne falls prevents tne immigration of fisn
from the larzge mainstam raserve into tne creak. Young of tne wvear and
otner small fisn occur in habirtats associated witn tne mainscem Susitna

ia dctn the upper and lower porcions 9 cne Susitna River. Wilacuf sucn

({4
(£]
) oo
(7]
111}
3]
(1}
[1]

an araa o act as a rasarve, mortalicy rates of the vounzer ag
=av be considerably nigner. Less competition for territories by tne
smailer number of tne vounger conort of ctne Deadman Creex populacion
witn tne older Iisn may result in an improved growtn rate. This
suggests a density degencent mortality eifect, Iy inadvertently adding
fisn to tne svstem by removal of tne barrier £falls, tne »opulation
structurs could chnange iI tne current porvulation strucsura o0f oldar Iisn

5 izivan 5y damsicy dapendent morcalicy.

Regardless of which nvpotnesis i

W

correct, tne innerent productivicy of
tne stream should not e affscted, and consequently tne sustained wiald

of Zisn snould necct cnange, assuming recuced populations caused by

tn

isning mortality could 2mulate any densitvy dependent mortality eifects
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on population survival and growtn rates. Careful monitoring of tne

system after inundation of tne falls, coupled witn a_nignly regulated

sport fisnery, may provide some insignts onto now to manage and maintain

a tropny sport fisnery. g
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APPENDIX 1

Equations Used %o Model Poculation Changes
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The following equations were used to project population changes:

where:

Nt and Nt+1 are known
for each age class and

give estimates for §
z tn
for each age class.

In an exploited fishery then,

(2) Nt+1 = Nt X Stn+F where:
The annual total mortality
rate, A, is related to S, as:
(3) Auppp = 1 = Sppyp and,
-7,
(4) S...e = e = and, where:

Nt+1 = Population number of age
class t plus one year.
Ny 8 Population number of age
class t fish
S‘n = Natural survival rate of
d age t fish
S = Survival rate of age t
tn+F fish after combined
naturail and fishing
mortalities.
Z, = Instantaneous rate of total

mortalities of age & 7ish,



(5) Z, = F, + M, and, where: Ft = Instantaneous rate of
fishing mortality of age
class t fish.

(6) Mf = -In Stn where: Mt = Instantaneous rate of

natural mortalities of
age class t fish.

Since M, is available from N, and N, , data, it is possible to

t
substitute (model) values of Ft for a hypothetical fishervy and zoredict
the resulting age structure of the oopulation with time. To do this,
the following assumptions are made. (1) The rate of catch for each age
class of fish per unit of fishing effort experienced by ADFAG wi!' hcia
true for the general public. (2) Only grayling of age II! and clcer

are subject to increased mortaiity by (hook and line) fishing. (3}

Recruitment of age Il class fish is constant.

In an exploited system then, Ft is viewed as:

P X f where: L

1]

catchability of age
class t; proporticnea

Ffish per unit time “isnedq,

F = fishing affgre, (92,25

nrs or 9.95 hrs/mile
stream),

and q is estimated from:

'8 q, = -In {l-ut) using,



\9) u, = Re where: R, = number of grayling marked in

M t July 1982 that were recaptured
t in August 1982 by age
class t.

M't = number of grayling marked in

July 1982, by age class ..

The term uy is called the rate of exploitation and was calculated from

the mark-recapture fishing data found in ADF&G (1983).

Calculation of the annual total mortality rate (Atn+F) n equation (3)

thus allows calculation of predicted catch at different levels of

exploitation.
(10} A = A, (1-S,.) wnere: A,_ = annual fishing mortality
-L hn"F 5:1 s
A*n = 1—S,n = annual naturai
= > mortality
t = XIil+
11} C : h =z *nt
(11) Cy :E: AtF X “t Ct total catch
t =1V
Tae 2a772¢ss OF catcn ana r2i23s2 on $0T3 rnuambars caugnt wers

simulatad by reduction o7 the 7t Ly the opercentagce of fisn reisasad

hr

without mertality. The catch then included the value from aguation 11
in additicn to the numbers of fish relecsed, the diTfarenca2 Leftween Ft

assuming 100% mortality and FE assuming the aporopriate level of

successful catch and release.






