
PART 2

Population Dynamics of Arctic Grayling
in the Opper Susitna Basin

DlIAFT/PAG! , 1
5/24/84
S!i4C/Tabl. at Cont.nt.

$'V5 -1~f/5.



CRAFT/PAGE t 2
5/24/84
SER4C/Table of Contents

POPULATION D'r.IAHICS OF ARCTIC GRAYLING

ABSTRAC:::

IN THE UPPER SUSITNA BASIN

1984 Report No.4. Part 2

by Dana Scnmidt and ~e Stratton

Alaska Deparrment of Fisn and Caee
Susitna Hydro Aquatic Studies

2207 Spenard Road
Ancnorag~. Alaska 99503

-,

Tne effects of an antic1?ated spore fisnery for Arctic grayl~ng on tne
tributary st=eems of tne upper Susicna ba s i n is !xac.in.ed ~~1 :noce l:i.n3:
:ne e::ects of n7?ot~~t1cal na~lest. 7ne inc=~ased :e~e:s 0: =c~:ali:7

craacad by a sport t~5ne~, caU3e a rapic sni:: in cne age 5t~JC:~=~ ana
consequently eae si:e of cne fisn caugne , :0 ~intain a " t: ':"O ? " :' ''
fi3nery on a sustained yi e l d basis, a ea t en and release iisnerj appears
to be .arranced. Gnder tne assumptions of tne ~odel, tne coca: n~=.b~r

of all fisn caugnc 13 ~ot substantially :-ec.ucec! ·"1 : :1 :.:c.parat.:'"le.!.:" :l.! .:; n
leve13 of f15n1ng . ?ossib~e explanations of cne dilferenc~s :r.
population 9truc~ure9 of cne ~eadman Creek drainag~ and tne i=poundcenc
tributaries are discussed.
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1.0 tNTRODUCTION

During tne 1983 studiel' on tne upper Susitna basin Arctic grayling

populations, data were obtained enae are u3eful in revision of tne

population dynamics model wnicn was constructed from 1982 data (AllF&G

1983a). We obtained refined data on age estimates by examination of

ocolicns i n addicion Co a broader sacple of spawners during cne sp r ing

of 1983. In addicion, a scudy was conducced on Deadman Creek outside of

cne proposed i:Dpound:nenc boundaries ( s ee Part 1 of cnis vo luce.). In

cnis report, we examine cne effects of reclassificacion of cne ages of

f i s n colle c~ ed dur ing 1982 on tne conclusions of tne earl iar : odal. ::a

al s o e:tplore ef:ec:s of var i ous levels of explo:':ation on C:1.e :'2pro-

c!uc : 1on of t nes e populations. Tne effects o f eaten and re:'e ase I'!!a-

:'!.a~ec.en t strategi~s an na rves e o f cnese : i30 and conparisons of cne

D~.1.d=a:1 Creek population ·..,icn tne ocne r t :'ihctari e s are LncLud e d . i ne

1nfo~tion presented snould be useful in developing a oitigat~cn plan

:~r deali ng wit:t tne er:ects of increased exploitation o f cne ::'5n 5-

cocks assoc iated ~:n ~proved l c cers .
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2. 0 MEn!ODS

2.1 Study Loca t i ons

The approximate location of the sampling s ites are depicted in Figure 1.

The data collec t ed for t he tributaries wi t hi n the impoundment zone were

pri::Ja r:!.ly obt ained during the summe r of 1982. -.i:h spawnin g data and

ot oliths obtai ned f rom these t ribut a ries during late ~y and early June

of 1983. Detailed des cript i ons of one sampling sites and s t udy loca-

t i ons wer e descr ibed in ADF&G ( 1983b l ar.~ in Appen di x I of ADF&C

( 1983a ) . The remai nde r of t he da ta ~ere obt aine d frae th e Deadman Creek

drai nage during :he su~er of 1983 . ~ese data are re por: ed i n Par: 1

of t his report .

2 . 2 :ish Da t a Co l ~ e c : icn

A:: data collection ~echod s are descri bed in ~~F&G (19 03a , 19a: b ) and i n

?art 1 of t h i s r ep o r t , The on ly' data no t ?re', ious l :r de s c r f bed a :-e o; ~e

o t ol i th collect ions :rom tri butdr ics wi chin the impounccenc zone. Thes e

o t o l i t hs were col Lec t ed a Long o..,i::.:' scales. i n an iden':ica l :::.e-:::cd o.,.i : h

~ . 3 ~a ta Ana17sis

Data 3umI:larie s rrot!1 t he co l l e c t i on e f f or ts of th e open ~a ter :: i e':d

season of 1982 and 19 '3 3 ...,ere used to e s tica te d.i.': :erent parac e t ers ::> :
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t he Arctic grayling populations under study . These parameters i ncl ude

l engt h- age r elat i onships us ing scales or otoliths, instantaneous r a t es

of natural mortality from ca t ch curves. densi t y estioates fr~c ~rk an d

recapture studies, i ns t ant aneous rates of mortality f r om fishing pr es-

sure. and percentage spawners of each age clas s. We independently

cal cul a t ed these es timates f r om the Deadman Creek dra inage study s i tes

and from t he i mpoundme nt tributary s eudd.e s t wi th ehe ~xcept ~on or th e

ins t antaneous morta11: y rat es f rom sport f ish1ng. The s por tiishing

mortal ity ra tes measured f r om the impoundment tributar ies i n 1982 ~ere

used t o describe pr ojected fishing pr es sure corca l ity f or both Dead~n

Creek and th e impoundment t ribut aries.

Fecundi ty es timat es were derived fro~ !ack (19 i 4) ~hich re£lec:ed fe cunrl-

i :y rates : rc~ Arc t i c grayling on ~ he GooQpas : a r li7er .

E • : 8.676 x L - 4254.? 3i

:"11ere :

~ ~ number of e~gs

the ~ead~an Creek : i s h populations.
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A population model whi ch i ncl uded incremental sport fishi ng explo itation

as a component was developed us ing the approach de,!cribed by Cl ark

(1983 ) and also used by Allen (1 955a , 1955b), Severton and Holt (1957) ,

and Jensen (1 981). The methods dupl icated Clark ' s study except t hat

differ ential mortal ity rates were assigned t o each of t he a ge classes of

the populat ions. Equa tions us ed in the model are lis ted i n AppendL~ 1.

:he equa tions were en t e r ed In::o a cOt!!I:l.ercial sp r eadshee t program ...,hich

f ea t ur es i nt er ac t i ve graphics (1-2- 3 by Lotus In c.) . ~!o s t ar the

illus trations of output of the model i n t his report a r e produced di-

r ec tly f rom this prog~am.

~is aode L doe s no t address de~s1t7 c epencec.t : 0=:'.1::'::: ~: :h~ ~;;o :~

re crui t ?or:.1on of t he li:~ cycle . Cons tant rec~it~ent w~s assuced .
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3.0 RESULTS

0.

3. 1 Popula tion Dvnamics of Arc tic Gr avling

During t ne spring of 1983 . we obt~ined additional i nf or=ation on t ~e age

to maturity of tne Arct ic grayling popul a tions wi tnin tne tri butary

s t r eacs ad jacent t o t ne reacn of r i ver to be i~unda ted by tne ~at3na and

Devil Canyon i mpounamencs. Ocoli t ns were obt a i ned f rom a range of s izes

of Arct i c grayling and wer e compa r ed to sca le analysis (Figur e 2) . rnis

fi.gure illus t r a t e s cne cons i stent pattern of unde r es t imating age by

scal~ ana lysis at t ar age V. ~ne oeoli tn r eadi ngs are aS 3UQ~~ : 0 be : ~a

~ost accurate of tne :~o . Tnis snift in age s:=uc:~re nas altered : ne

~ stima t es of tne ?op ul a tion s ~revious ly recorded from tne 19-3 2 s t".Jd~'

·: ,'.il : ~G 1983a ) .

and o t ::J ~ i. :::l S : or e s: :'~t::'ng :'~~ '';:4:::: ions at zne :':pouna:.ent ; :'ay!.':'::.~ .

0: ::nd ~atcnable p09ula ::i~n nave ~ n i: ted ~ne yea r wi::::~ ::nc :our yea r o l d

fi sn no..., tne ::vunges t conort of t ne ?opula tion . 7ne new ?op ula t:'cn

13 dep i c t ed i n :"igu r e 4 . :'n1s acj us t :nent ~a s eade t o cons i de r sp :':'n~-

oJ : :::la popula t i on a : : a r ac ccua ctng tor ::01 ::'3 cna n ge i3 i:':1i l a r co zne

age VI anc older fisn ~as es t~ted ::0 ~ e 0 . S6 by usi~g a 1=as :: 3~uares

:it t o t ne eaten : urve data . For purposes 0: ~ode ll~g t ne ?opulat i on.

a survival rate of 0.7 5 was used for t ne age I I I . IV, and 7 conor t s of

tnis popula tion. rnese va lues 'Jere obtained i ce r;Jcive ly so t l,at tne



Figure 2. Compar i son of !ge est ima tes obtained fro m the same f i sh us;ng
otoliths and scales . Numbers of f ish are indicated next t~
the dots in the lower f igure . The upper figu re i l lustra t es
the ef fec t of :orrection for age by ot olith an/ly s is en
gr owt h det erminati ons.
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IIOdel approxiJlated the age class specific populations observed in the

field . The IIICdel reached a steady state af:e!:. simulation of

approxi:llately 13 genera:ions. This method of estilllat ion of natural

survival rates replaced the estimates used in the previous report which

relied on population di f f er ent ial s between each age class for survival

es timates. ~e revised population o!s ti:llatas sugges ted the constant

recro1t=enc asstJml)c1ons were sufficiently 'l i ola ced t hac aceuaf ~opula-

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

specific survival rates .

The =ontribut i~n of ~ach age cahor: co che spat~1ng popula tion is

depicted in Fi gure 5. This anal ys is suggests scme f our yea r old f ~~3:e s

becae e sexual l y :::Jature and a higher perceoc&@;e of :eoalas retla i:.ea

:-tature unt~: age ~r=. : . 7:: e thr~e ::!.s h co'::a c : ad. o,,~ = AlJe :.:1: : ·ve r~ a::

:1a:es . 3ecause otoli:h ag ing reqUire!! k:!.ll:':1~ t he : :'.i h , O"C! c:.c :':c:

saQple l a r ge numbers 0: t he older a ge classes .

~=ai!.in; ca;::~:' ed i : :,c :h : he 1:2po~c.=ent :r:.ou: ar:'es and i=. : aad:Ja::.

Cr eek vere us ually :nales, wh:'ch suggeses highe r car:al:.::, ra t as :0 ::

: e!:13.2.e s .

:he Arctic grayling popuLa t.Lon o f t he t:,,"!.~utarias ·..ri:hin :he ?::=?ose~

i:rpoIJnd1!:.enC bounda r ies. ?o?ulation es ti:lates by a ge clas s ",Je r e a oc

pos s i b l e be caus e of t he ccmparat:!.~lely smal l numb e r s ;:, f :ish t hat ·Jere

aarked and recaptured in the ?opulation est1=ates conduc t ed on speci=ic
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reaches. Survival rates calculated fr01ll the least squares fit of the

catch curve data vere ... . 76. This value vas applied t9 the age VI and

older cohoru of this population. This value vas also applied to the

age III. IV. and V cohorts for simulation of the ~opulation by the

=odel. The population ~s'imates for the baseline yea r of each age class

vere approximated by " hoos i ng an initial recruitlllent of age II I fish

that ~ould provide a ?opulat ion esti:l1ate or age IV and o !.c~r f i sh

si:riiar to the aumbe r escit::lated by the :ark ana recapture methods

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

o f Deadman Creek that is under consideration in t his study.

modif:!.cac1.,ns to :'ncor?orate cat ca and. re:ease : ish i :ltg; . Al s o , ',;e us ed

: he egg })roduc:1on and pe rcenz spawner da:a develope d. f rom t'i e':c. da t a

~btained during 1;33 and frc~ th~ ~itaratu=e sources des cribed earlier

as i nput to t he ::locel. The rlocel has been ope r a tee Lndependen t I v f e r

::1 .11': cas es I t he

~umbers of fis h harlested re fer to populations ~t:h1n the reaches 0: .1 :1

an d Jea':'=an :'d;':e . ccns ::ant

ob :ai~ed af t e r ten generations of ~ons tant :t3tural :or:.111:: ac=ccpani~d

·.li :h che c:rpe o f f i shi ng mo rtal ity be i ng axamined . C.Jcp aris on of t :te

effeccs on egg production of sustained har re s t (as s umi ng l OO~ mort~li:y
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of all caught fish) with a catch and release fishery that produces only

10: mortality (90% survival) of the fish that were captured is depiceed

on Fi gur e 6. Because of the average larg..r size and older age of the

Deadman Creek fish, a more rapid decrease in t he spawning cohort (and

consequently, egg production) occurs t han under sio11ar harvests in the

impoundmene tributaries. The simulations of harvests of Deadman Creek

anc t he i mpoundment t ributaries demonstrated s i~ilar trends 50 on1y the

Deadman Creek simulat ion plots for numbers caught under a lternative

catch and release serategies are provided.

: :'~ure 7 illus t rat e s t he ef fect of i nc reas e d ha rvese pressure an ~:'a::-

: ing as sw:ling 100% ",o.,-t ality of al l caught fi3h in the Dead: an Creek

s tudy area. ~:o te that t he !:1ax1mum sustained yield of a l l f ish occurs a t

a~ out ~O hours ?e r ~:~ annual l y ~hereas the ~a~~um yield of 3~e !! anc

ol der : :'sh oc cu=s at l es s chan 10 hours pe r ~le. ~1e e f:ects of cac : h

an d release of spor~ caugh t f ish of 90 , SO, 70 , 60 , 50 , and 0: of tha

~~bers actually caught (as s umi ng rel~ases of f ish wichout mortality ) :5

:.llustratad in the sioulation ou tput plot on Fi~re S. :'he opt i mal

cat ch rata i s clearl y a func t i on of the percentage 0: the caught f ish

3uccessfully returned.

... ., ....
~o - c':' d.S .::i

each :l ea :- beginning at :: ~'I! ?r~sent ( and assuming ne gligi ;':'1! :i3hing

?::, !! s sure prior to t he ;:tresent ) and c on t inuing : or t he :lex: t en y ear s .

as s uming l eO hour s of fishing per mile of stream. Figure 9 a: so

:'::cscraces the effects o f as s umi ng 90:. 50: and no succeasfuI return on

t he catch over this period.
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4.0 DISCUSSION

'rne refinement. of tne population and age structure data presented in

previous studies, in addition to aew informacion on Deadman Creek and on

rne spawning and :aaruriry of rne il:1Jloundmenr Arctic: grayling

popularions, nas provided a ~ore precise look at tne ef:ects of

s:..:wlated spar: :1sning narlests on cne Ulpoundmenc. t.:'i~utar :'as and lJQ

::: aa~ C:aak. ':'::Le .:ievalopman: o f tne pro ject ~7 ,rovida add~:i"na:

access and nar7est pressure on tne clear water tributaries draining 1nt~

tna Susitna River because of easy boat access 1:lto araas omere nov

~elic:op t ars or. ~= a sma:l number of araas. ::~at ?lanes ara :~e an:7

~eans ~y ~n:'c~ n~~le s t of t nes e f i s n i s ?ossib le .

:~e Jea~n C=e ek drai:a g e 13 a ~ike17 c:andicia :~ :~

:ake .

.:=eek currently ? ,"ov i ce s a :ropny qttalic.y f isner:r !::ta t i s unus ual f or

es:i:1ace tne =esul:s 0: ·'3r:'ous :1an3~emen: al:.!:":la t :.·.·es on ::le :~:l; :: :!~
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In addicion. we will explore che

possible reasons why Deadman Creek produces large r Arctic gray l ing chan

oche r impoundment cribucar ies a nd how che r ....oval of passage barri .....

:&y af fect chis populacion.

rile ef:ec ts of sport fishing harves cs on che populati on st ruct ure of

ii~e =. Addi tianally, computer :odels have been us ed ~o ue scribe s c=eac

::!.~her1es f or a "/arie ty o f species :!.n t he l owe r for: y - ei.gh t (C: a r k e t

al. 1180 ; Cla r k L981. 1983) . !be co d~ l deve lopec ~ y Clark i s si:ila r : 0

~s ~ :~e le:gt~ s:=uc:~re of an ag e co hort as a :o~one~: i~ :~e =odel .

... .. :~e a~ e clas s a t a ::'3;' 1;):, .. .. ­
--~

Cu r da t a :=00. aco k a=c l.i::.e

- "- '"......

.: c ,;: a. _"" : .: :; : :' ::..i_ : :: :..,;

ccmpari~~ t he outcome s 0: our ~odel ~ith ac:ua l resul t s of e ~? lo i:at ion .
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portion of Kosina Creek may be subj ec t ed t o signif i cantly more fis ning

pressure tnan Deadman Cr eek bec ause of tne publ i city tuis l ake rece ived

dur ing tne presidential t our of Jt:my Ca r t er. Tne department nas

reduced tne bag lillit t ... eve U s n per day on tnis l ake. Increased

f i s ning moreali : y on tne system could cot be separated from natural

mortality vitn tne data base ve nave availab le.

!ne second nypo tnes e s , and one tnat ~aJ na~; ~plications to r ree oval oi

cne fi sn passage barrier , suggests tna t tne current populat ion s truc ture

i s creat ed by nign density de? enden t morta l i cy of tn e youn; e r a~e clas s

o tner smal l fi sn oc cu r i n habitat s assoc iated witn cne ~alnstem Susi t~a

an 3re a to ac : as a rese rle . ~or:al~ty rates o f t~e your.~e r a ~e c lasses

::a:1 be .:ons:'':'e:-abl y ni ; ne r. L'I! ss cc::::pc ti:ion ror t e r:-i tories 'J:, t :le

-;i : :t t ne ~ lde r fisn ~ay result i n an icp roved grov en rate. 7n is

::'sn to tn e system by ret!loval of cne ~a rt'ie r fall s . tn e ~o9u':'a tion

:~e s treac s nould ~ot ~ e a£:~ctec, and consequen tly :~e sustai~eci 7i ~ ~ d

of :isn snould ne t cnange , a s s umin~ recuced po?u:ations caused ~y

: i s ning ~or:ali t7 coul d e:ulate any density de~ endent ~o r:al i t: e::~c :3
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on populacion survival and growcn raCes . Careful mon1Coring of cne

syscem afcer inundac10n of ene falls, coupled vitn a . nignly regulated

spor: f i s ne ry , may provide some insignes oneo nov eo manage and maintain

a t~opny spore fisnery.
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APPENDIX 1

EQuat ions U. ed to ~ode l Po pu la t i on Changes



The following equations were used to project population changes:

Nt and Nt +1 are known

for each age class and
give estimates for Stn
for ea~h age class.

where: Nt~l • Population number of 3gP.
class t plus o"~ Y~3 r .

• Population nu~ber of age
class t fish

• Natural survival rate of
age t fish

In an exnlo i ted fishery then,

The annual total mortality
ra te , A, is related to S. as:

-z
(4') S = e t andtn"' , •

where:

where :

= Survival rate of age t
f ish after comb ined
natural and fi shing
mortalities.

• Instantaneous rate of tO~J j

mortali ties of age : f ;~ h .



(6) "t' • -1 n Stn

where:

where: " .t

Instantaneous rate of
fishing mortality of age
class t tisn.

Instantaneous rate of
natural mortalities of
age class t f ish.

Since " t i s available from lit and II t+l data. it i s poss i ble to

substitute (model) values of Ft for a hypothet i cal fi shery and creoi ct

t he resul ting age structure of the population with time. To do th i s ,

the following assumptions are made. (1) The rate of cat ch for each og~

class of fish per unit of f i shi ng effort experienced by ADF~C wi l l hoic

true for the general public. (2) Only grayl ing of age III and older

are subject to increased mortality by (hook and line ) f i shi ng . (3)

Rec ru i ~~nt of age II class fish is consta"t.

In an exploited system then, Ft is viewed as:

where: = catchability of age
cl ass t ; prccor t tcnec
fi sh aero uni t t~ rr:e :'l:ine'.L

f = f~ s h i no ~f·ort . ( 9a . ~ S

nrs or 0.05 Mrs / mi le
$ t.rf~u::- ' .

~ ~ d Qt is est lmated f rom:



(9) ut • !4
H't

where: • numbe~ of g~ayl ing ma~ked in
July 1982 that we~e ~ecaptu~~d

in August 1982 by age
class t,

H't • numbe~ of g~ayllng ma~ked In
July 1982, by age clas s t.

The term ut is called the ~Ite of exploitation and was calculated from

t he ma~k-~ecapture fishing data found In AOF&G (1983).

Ca lculat f on of the annual total mo~tality ra te (At n+F) n equation (3)

thus allows cal culation of p~edlcted catch at di ffe~ent levels of

explo ita tion .

t = X!!t~

( 11) Ct = L \ F X Nt

t = IV

whe~e : A. c = annual fi shi ng mo~~al ity..,
= l-St = annual na tu~a l

n mcrt a l i ty

Ct = total catch

s imul at ed by ("'!Quct ion o f the Ft by the cercentace of fis n r e i eased
•

without mortal ity . The catch then included the value frem equati on 11

in addition t o the numbers of f ish rele ased , the diffe rence bet~.een Ft

assuming 100% morta l ity and

successful cat ch and release ,

Ft assumi ng the appropr i at e l evel
;,

of

- - - - - - - '. -




