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ABSTRACT

The effects of an anticipated sport fisnery for Arctic gravling on tne
tributarv streams of tne upper Susitna basin is axamined 5v modelling
the effects of nypotnetical narvest. The increased levels of merzalicy
crazated by a sport fisnery cause a rapid sniit in tne age structure and
consequently tne size of ctne £fisn caugnt. To wmaintain a "tTopnv"
fisnerv on a sustained vield basis, a catcn and release fisnery aptears
to be warranted. Under tne assumptions of tne model, tne total number
of all £fisn caugnt is not substantially reduced wizn comparatively nizn
levels of <fisning. Possibie explanations of tne diiferences in
population 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‘Arc:ic grayling
populations, data were cbtained that are useful in revision of tne
population dynamics model wnicn was constructed from 1982 data (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 1 of tnis volume). In
tnis report, we examine tne effects of reclassification of tnhe ages of
fisn collected ;iuring 1982 on tne conclusions of tne earlier moda2l, e
also explore efZects of various levels of exploitation on the rspro-
duction of tnese pcpulations. The effacts of catch and release ma-
nagement strategiss on narvest of tnese Iisn and comparisons of cne
Peadman Creek population witn tne otner tributaries are included. Tne
information presented snould be useful in developing a mitigation plan
for dealiing wich tne effects of increased exploitation of tne Zisn s=-

tocks associated witn improved accers.
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2.0 METHODS

2.1 Study Locations

The approximate location of the sampling sites are depicted in Figure l.
The data collected for the tributaries within the impoundment zone were
primarily obtained during the summer of !982, wish 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) ard in Appendix I of ADFiC
(1983a). The remainder of the data were obtained from the Deadman Creek

drainage during the summer of 1982, These data are repertad in Part |

of this report.

2.2 Fish Data Collection

All data collection methods are described in ADF&G (1983a, 1%38Zb) and in
Part 1 of this report. The only data not previously described arz the
otolith collections from tributaries wicthin the impouncment zone. These
otoliths were collacted along with scales, in an identical methcd with
the collaction orccaduras eomploved on DJeadman Creelk (2arc L), n

: v o, S - - - - : 34 mat .. T = - .
addicicn, la2ngch, sex, and spawning condiczion wers also rscorded.

2.3 Data aAnalysis

1,

Data summaries from the collection afforts of the open water <field

season of 1982 and 1983 were used to estimate different parameters of
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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 catch 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 sites
and from the impoundment tributarvy studies, with the axception of the
instantaneous mortality rates from sportfishing. The sportfishing
mortality rates measured from the impoundment tributaries in 1282 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 facund-

ity rates Irom Arctic grayling on the Goodpastar River.

E = 28.676 x L =4254.537

Where:

E = number of eggs

r

L = l2ngth in millimeters.

These relatiopmsnips were appliad co bocth the impeundment ctributary and

the Deadman Creek fish populations.
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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 methods duplicated Clark's studvy except that
differential mortality rates were assigned to esach 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 (1-2-3 by Lotus Inec.). Most of the

illustrations of output of the model in this report are produced di-

rectly from this program.

This model does not address density dependent mortality of the egg :o

recruit nortion of the lifs cvcle. Constant recruitment was assumed.
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3.0 RESULTS

3.1 Population Dynamics of Arctic Grayvling

During tne spring of 1983, we obtained additicnal information on tne age
to maturity of tne Arctic grayling populations witnin tne tributary
streams adjacent to tne reacn of river to be inundatad by tne Watana 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 age bV
scale analysis after age V. The otolitn readings ars assume< to be tne
;most accurate of the twe. Tnis snift in age structura nas altared tne
astimates of tne pooulations previouslv recorded from tne 1932 studr
(ADF2G 1983a). TFigure 3 illustratas the diZferences using >ccta scales
and otolitnhs for estimating p»rrulacions of :né impoundment ;raylé:g.
The population estimatas ZIor the voungest aged Zisn considered as part
0 tne caccnable population nave sniited one vear wica tne Zour vear old
fisn now tne voungest conort of tne pooulation. The new pooulaticn
astimate for =2acn age class using the revisad age structura inforaation
is depicted in TFigure 4. Tnis adjustment was mada to consider spring-
saugnt fiszn to be beginning the wvear rvather ctan ending the aar.
Altzmouga the sailf Ia age strTucture is cuica large, tae c9tal 2stixaca
oI tne population after accounting for cnis cnange is sinilar to che

4,174 versus 13,750). Tne nmatural surrival racta Zor tne

-t

1983 raport (
azge VI and older fisn was estimaced to Se 0.56 by using a l=2ast squares
fit to tne catch curve data. ror purposes of modelling tnhe populationm,
a survival rate of 0.75 was used for tne age III, IV, and 7 conorts of

tnis population. These values were obtained iteratively so tnat tne
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model approximated the age class specific populations observed in the
field. The model reached a steady state after simulatiom 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 that actuall;opula-

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

specific survival rates.

The contribution of each age cohort to the spawning population is
depicted in Figure 5. This analysis suggests scme four vear old females
became sexually mature and a higher percentage of <Zemales remained
mature until age Vil. The three fish collected over Age IIII were all
males. Because otolith aging required killing the <£ish, we did nct
sample large naumbers of the older age classes. The largzger Arctic
3rayling captured ia bcth the impoundment cributaries and in CJeadman
Creek were usually males, which suggests higher mortali:y rates :3Ior

females.

Th2 population parametars of the representative reaches of Deacman Craek
=ave beem weported in Zarc ! of thas rsports. The prasence oI laadman
Craek Zalis provides a barrier that nhas isolatad this populaticm Iirtco
the Arctic grayling population of the tributariss within the proposed
impoundment boundaries. Population estimates by age class were not
possible because of the ccmparatively small numbers of ZIish 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 aliso applied to the
age III, IV, and V cohorts for simulation of the population by the
model. The population =stcimates for the baseline year of each age class
were aporoximated by ~hoosing 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 the mark anad recapcure methods
reported in Part 1. This value is approximatelv 8000 fish for the reach
of Deadman Creek that is under consideration in this study.

2

3.2 Sport Fishing Harvest Model

The sport fishing zcdal originally resported (ADFIG 1983a) has had minor
modificactions to Incorporate catch and release fisning. Also, we usacd
the egg production and percent spawner data developed from field data
obcained during 1383 and from the literature sources described e=arlier
as input to tihe mocel. The mocdel has been ocerated independentlv fer
the izpouncment tributaries and for Ceadman Creek. Ia all cases, the
numbers of fish harvested refer to pooulations within the reaches of all

of the ctributarias within the becundarias of the 3roposed Cevwil ZCanvon

and 7Tatama Ixpoundzents or, ia tie czase 9i oCeadman <{cozek, fLe r2ach
se:zween Deacdman Cr22k Zalls and Deadman Laxe. CUnder the constant

racruitment assumption of the models, sustained yia2ld proiactions were
obtained after tan generations of constant natural mortality accempanied
wich the type of fishing mortality being examined. Comparison of the

effects on egg production of sustained harvest (assuming !007 mortalicy
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of all caught fish) with a catch and release fishery that produces only
107 mortality (90% 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 C(Creek simulation plots for numbers caught under altermative

catch and release strategies are provided.

Tigure 7 illustrates the effect of increased harvest pressure on grav-
ling assuming 100% mortality of all caught fish in the Deadman Creslk
studv area. Note that the maximum sustained vield of all fish occurs at
about 40 hours per nmilz2 annuallvy whereas the maximum yield of age IX and
older fish occurs at less than 10 hours per nile. The effects of cacch
and release of sport caught f£ish oI 90, 80, 70, 60, 50, and C% of che
aumbers actually caught (assuming releases of Iish without mortalicy) is
illustrated in the simulation output plot on Figure 8. The optimal
catch rate is clearly a Zunction of the percentage of the caught fish
successfully returned.

Jlaally, Tigure 9 depicts the zumder of Iish of each age class caughc
2ach vear beginning at the present (and assuming negligible Zishing
pressure prior to the present) and continuing for the next ten years,
assuming 100 hours of fishing per mile of stream. Figure 9 also
illustrates the effects of assuming 90%, 50% and no successful return on

the catch over this period.
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4.0 DISCUSSION

-

Tne refinement of the 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 wmore precise lock at tne effacts of
sinulated sport fisning narvests on tne impoundment tributaries and on
Ceadman Creak. The development of the project may provide additiona!l
access and narvest pressure on the clear water tributaries draining into
tne Susitna River because of easy boat access into arzas wnera now
nelicopters or, in a small number of arszas, flocat planes ara tae only
means by wnica narvest of tnese fisn is possible. Alznougn tne tridu-
ctaries tnat wera studiad will DbDe inundatad, tne arsas above tn

izpoundment zone »provide similar zabitat and, consequently, taase
copulacions will Se subjected to increased hnarvests under a geost
Project scenario., Tae Deadman Creek drainage is a likely candidaze o
nave the access road for the develcemen: oI "atama dam sarallaliag its
langtn between tne lower portion of tne creek near che falls and Deadman
Lake. Tne relatively large average size of Arctic grayling in =his

creek currently zrovides a tropny quality fisnery tnat is unusual for

- o : * 1844 = 1 - = Zav"
=ne upper Susitna dasia, Additiomally, tne darviar Zalls near =na =outh

g : 2 % e AR < - i - T Y ary= - -~ - - -
2I —23Cclan LIzl Wi.. o2 LIulgatac, 2..0Wil3 IT22 238ss3ag? =2nc 22nng oo

tne pcpulations of cna impoundment tributarias and Seadzman Craek.

1

Tae analysis presented and tne Zollowing discussicn will aciampt oo

astimate tne results of various zmanagement alta2rmacives on Ine long tarm
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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-paasage barriers

may affect this population.

The effects of sport fishing harvests on the population structure of
Arctic grayling has bdeen investigatad by Grabacki (1%8l) ia the Cuena
River. Additionally, compurter models nave Deen used co describe scream
fisheries for a variety of species in the lower forty-eight (Clark at
al. 1980; Clark 1981, 1983). The model developed dy Clark is similar to
the one used by us in these studies with minor axceptioms. We did noc
use the length structure of an age cohort as a component in the =odel.
Sizulation of sizes of fish was aporoximatad dv apolving harvest ratas
tc specific age classaes. The slow growth and r2ascomabla pradictabilicsy
of the age class of a <Zisah by its langth allowed harvests to Te
avaluatad using age classes directly with intarpretacion of the rasul:s
ov 2Xamination of :the age length data relaciomsiaips. e aiso used age
class specific fishing aortality ratas. OCur data Zrom hcok and liz

collicticn suggests a differesntial probadilisy of capture of the
diZferent sizes of fish which is significant encugh to affact the

.. aw - o = . -

Tesulzs. 7e have obrtained coples of the FORTEAN =odals used Hy Clazk

- - - - - - - - - - - P - - - - - = - -
=fveoy A8 JCTE LD COTPale TAIULLS D tae IinE. aT3IT oI SaLa Taze

Grabacki (1981) did aot zmcdel czhe harvests but did provide comparative
data on the structure of the populacion of zeavy and 1izhtly Zished
Jortions of the Chema River. This iInformation is primarily of use in

ccmpariag the outcomes of our model with actual rasults of exploitation.
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portion of Kosina Creek may be subjected to significantly more fisning
pressure tnhan Deadman Creek because of tne publicity tnis lake received
during tne presidential tour of Jimmy Carter. Tnhne department hnas
reduced tne bag limit tu two fisn per day on tnis lake. Increased

fisning mortality on tne system could not be separated from natural

mortality with tne data base we nave available.

Tne second nypotneses, and one tnat may nhavs .implications for removal of
tne fisn passage barrier, suggests tnat the current population structure
is created bv nign density dependent mortality of tne vounger age class
Zisn. Tais may occur because tnhe falls prevents tne immigration of fisn
Zrom tne largze mainstam reserve into tne creek. Young o the vear and
otner small fisn occur in habitats associated witn tne mainscem Susitna
in bctn the upper and lower portioms of tze Susitna River. Witaocut sucn
an arsa to act as a resarve, mortality rates of tne vounger age classes
=ay be considerably nigner. Less cocmpetition for territories by tne
smaller number of tae vounger conort of tne Deadman Creek population

wizn tne older fisn may result in 2an improved growtn rate. Tnis

suggests a dansity degencent mortality effect. Iy inadvertently adding

rn

isn to tne svstam by removal of tne barrier falls, tne wnoopulacion
structure could cnangze i the current povulation structurz of oldar fisn

i3 3rivan Dy densicy dapendant mortaiily.

Regardiess of which nypotnesis is correct, the innersnt productivicy cof

tne stream snould not be affascted, and consequently tne sustained riald

i

of Zisn snould not cnange, assuming recuced populations caused bHv

fisning mortality could emulate any density dependent mortality effascts
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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.
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APPENDIX 1

Equations Used to Model Population Changes



The following equations were used to project population changes:

= N_ xS where: N = Population number of age

tH . " w class t plus one year.
Nt = Population number of age
class t fish
TN
Nt and "t+1 are known Stn = Natural surviva! rate of

age t fish
for each age class and

give estimates for Stn

for each age class.

In an exploited fishery then,

(2) N =N XS where: S = Survival rate of age t

Sl T tn+F  Fish after comeined
natural and fishing
mortalities.

The annual total mortality

rate, A, is related to S, as:

£2Y & i

(3} Atn+F 1 Stnv? and,

.zt : ‘
(4) S...p =@ = and, where: Z, = Instantaneous rate of fotai

o = mortalities of age = fisa,



(5) 2, = F, + M, and, where: Ft = Instantaneous rate of

fishing mortality of age
class t fisn.
(6) Hé = =In Stn where: M. = Instantaneous rate of

¢ natural mortalities of
age class t fish.

Since "t is available from N, and N data, it is possible to

t t+l
substitute (model) values of Ft for a hypothetical fishery and predict
the resulting age structure of the population 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 ADFAC wil' hoid
true for the general public. (2) Only grayling of age IIl and olcer
are subject to increased mortality by (hook and line) fishing. (3}

Recruitment of age II class fish is constant.

In an exploited system then, Ft is viewed as:

¢ > % X f where: q, catchability of age
class t; proporticned

fish ger unit time ‘isned.

f = fishing effort, (98.2%
ars or 6.05 ars/mile
strear).

and 9 is estimated from:

‘8" 9 * -In (l-ut) using,



(9) u, = R, where: R, = number of grayling marked in
M 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 t.
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 = Auip - (l-Stn) where: A,. = annual fishing mortality
A.n = ‘.--St = annual naturai
4 mortality
t = XIir+
(11} Gy = :E: AtF X N, C, = total catch
t =1V
The atfacts oF catchn and r2i2as2 on total numbars caugn: were

simulatad by reduction o7 the FE by the percentace of fTisn reieased
without mertality. The catch then included the value from aguation 11
in addition to the numbers of fish released, the diffarencs between Ft
assuming 100% mortality and FE assuming the appropriate level of

successful catch and release.






