Vi

[

-

LiS

AlaSké"QR’QS_@urce's'

el Y
[
P
P,
1Ak
' 19 L)
: L Y ARD T ~y
SUMNEE BCOLOGY AND P ka;{jj
» ' f :.'} s

BEHAVIOR OF THE GRAYLING

OF VcMANUS CRERE

ATASKA

A THESIS

¥

| ) 21t I the
Presented to the Paculty of i

of the Requirements
for the Degree of

KASTER OF SCIENCE
KASTER O}

By

7 - 3. "o
Gian L. Jagcotto,ru.u,_
Yoo

Library & Inf¢tination Services

Anchor § Alaska

. -'.‘,\.d w
o N Wit
ARILIS.

y ANCHORAGE, ALASKA /
.. Bst 1997
UNIV. OF-ALASK



G L W Leded L
3 3755 000 20926 2

Lo

APPROVED:_

SUMMER ECOLOGY AND
BEHAVIOR OF THE GRAYLING
OF McMANUS CREEX

" ALASKA

APPROVED:

‘,

A
//"}j‘/mm \///l,‘ﬁ“'
S ieede.
_ Z . .

3‘;7
a Depg/;mént ne%ﬁ

DATE 7167

Dean of the College of BlOlOglcal
Sciences and Renewable Resourceo

e

Vlce Pre51dpnt for Research -
and Advanced Study

ARLIS
Alaska Resources

Library & Information Services |
‘Anchorage, Alaska



ABSTRACT

‘A-Study of-the summer ecélogy and behavibr of the
Arctic Grayling ﬁas undertakén on the summer population of
McManus Creek, Alaska. |
( An.effort to determine the distfibution and the patternsv
of the.fish'S'mo§ements in the stream was made.

| The.graylihg;spénﬁ the summér months in pools where
they established feeding territories. Within eacﬁ feeding
territory a feeding range, where all feeding activities
took place, was found.

In each pool a hierarchial ordering based on a dominant
subordinate relationship existed, This hierarchy was
established and maintained by a series of displays.

- The grayling of McManus Creek wére.found to feed solély
on the surface and at mid-depth. The food items consisted

both of flying insects and aquatic insects, the latter msking

‘up the largest portion of their diet. It appeared that the

fish relied primarilyvupon benthic drift for nutritioﬁ.

Being.visual'feeders, the fish were unable to utilize the

large numbers offorganismsvknown to drift during periods of

high and muddy water.
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. INTRODUCTION

The Arctic Grayling Thymallus arcticus (Pallas), is

one of the mbst important game fishes of interior Alaska.

Little is known about the life history, ecology and behavior

o, o . ) _ - .
of this, species. A survey of the summer movements, distri-

bution, feeding habits and behavior of the grayling made in
an interior Alaéka, non-glacial stream exposed new facts |
whiéh.could form a base for future studies._ ThelArctic
GraYiing is distributed in the Arctic watersheds from the
Ob River in Russia east to the Churchiil River on Hudson
Bay, Athabaska and.Churchill drainages in Alberta, and
éstablished artificially in a few of the North Saskatchewan
river. systems (Cafl, Clemens, and Lindsey, 1959).

Some grayling survived the last glaciaticn south of -

the ice sheet in Michigan where they became extinct in the

1930is, and in the upper Missouri drainage of Montana.
Cutting of the foreSt,vand the subsequent scouring of the
bottom by the'logs decimated the spawning areas, and the

stdcking_of rainbow trout apparently contributed to the

" extinction of the Michigan grayling (Vincent, 1962).

Thymallus arcticiis may reach a length of 20 to 24

inches:and wéigh-from 2 to 5 pounds. It has a very dark.

back and purplish-gray sides varying in darkness. The



belly is whitish with,gray blotches. A yellow stripe.runs
along the ventral dee frem the pelvicﬁfins to_the‘peCtofal
fins.in adults. The large dorsal fin is long and high, its
base longer than the depth of the body. It is dark gray
to b%ack_andfblue in color, punctuated with pink.and'azure
spoté.andvdeep blue’crOSSerOWS; often bofdered wiﬁh red
and yellow.. The pelvic fins, abdominal iﬁ_position,;are
crossed by three pink»stripes. Tﬁe head is brownish iﬁ |
color, with large eyes, and a small terminal mouth,

Brown (1938b), Leon_ard (1938), Miller (1946), and
Schallock (1965), published notes on the food habits of the
fish. They showed that the grayling's diet is made up |
almost entirely of emall insects and aquatic larvae. They
suggest that the diet is limited by their small mouth,
.weak teeth, and cold?watef habitat.

| The Arctic Grayling's habitat has. not been exten ively
studied In Alaska, the fish is described as 1nhab1t1ng
most of the fast clear s»reams of the Yukon ba81n (Evermann
and Goldsborough 1906) In the w1nter grayllng are also
reported_from the glacier—fed streams whlch'durlng,thls
seaSOn'run.élear._ The grayllng are also common in lakes,
where'eome of the largest spec1mens have been reported In
'lekes they favor the mouths of streams and the outlets of the
lakes;

Spawning has been observed in Montana (Brown 1938,

Nelson 1952, and Tryon 1947) where it is reported to



-take place bétween;March 15, and June 1 at temperatufés

 below 10° C. " The Alaska spawning dates given by-Warner

(1958) and Reed (196/4) are frém'May 20 to June‘25.
ijcikA(l955) reports finding ripe individuals between
May 13 and June 16. The spawning act is described in
detaﬁl.by Brown (193@3) and‘Reed (196L). Tryon (19L7)
and Ward (1951) describe them as polygamous non-nest
builders. v ,

-+ The fish produce from 2000 to LOOO eggs, amber in
color'owing té thé presence of oil drops which reﬂder
them semi-buoyant; their adhesive nature enables them.
to become coated with stirred-up sand so that they will
éink to the bottom (Brown, 1938a). Warner (1958) did
not find thg-eggs adhesive, and reported considerable
numbers being washed downstream. |

Incubation is complete after two weeks and varies
with the'temperature of the watef. Fry begin feeding on -
_plénkton’at'about the fourth day (Brown and Buck, 1939).

The European species has been studied much more

thoroughly, especially in terms of manégement,'ahd substan—
tiél~etholoéical and ecological data havé been gathered by -
Degteva (1965), Egorov (1956), Fabricius and Gustafson
(1955), Kafanova (1965), Peterson (1968), Sommani (1953),

, Starmach (1956), and Svetovidov (1936).



DESCRIPTION OF STUDY AREA

The study was conducted along 18 miles of McManus

Creek from its origin near Twelvemile Summit, altitude
3150 feet, to a diversion dam at mile 68, Steese HighWay,

altitude 1450 feet. The area is located between 146°00"

to 146°25' West Longitude and 65°17' to 65°25' North
Latitudef(Figs._l and 2).in intérior Alaska.

| McMénus Creek is aiyouthfu¥wrapid.runoff stream;‘
having a narrow V-shaped valley and a steep gradient.' The
gradient drops 400 feet per mile at the headwaters and 50
feet pef mile at the junction with Faith Creek, resulting
in a grade of 7.7% and 0.9% respectively (Schallock, 1965).

.Thirteen small tributaries enter the stream in a

trellis pattern, the major ones being.MontanavCrsek,,Idaho

Creek, Smith Creek, and Faith Creek. Of the four, Faith

- Creek is the largest and nearly doubles the volume of

McManus (Fig. 1).

Half a mile below the junction of Faith Creek énd

McManus Creek (Fig. 1), the flow is interrupted by a dam
- built to divert water into a man-made ditch (Davidson Ditch) ~

‘for hydroelectric use. This dam'delineated the lower limit

of the study area.

Due to the presence of boulders, the coarseness of the

‘bottom, and the steepness of the gradient, the waters are

constantly being churned, resulting in excellent aeratiomn.

L



Figure 1. Map showing McManus Creek, the 43 pools
studied, and the three sections of stream. Reproduced

from U.S.G.S. Alaska Map, Circle (B=5).
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Figufe 2. -Map showing McManus Creek, the 24 seining

~sectlons, and the six observation pools. Reproduced

from U.S.G.S. Alaska Map, Circle (B-5).
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The water is exceptionally clear. Human pollution .is nil
since there. are no‘mining operations orrinhabitants in the
drainage except at mile 82 of the Steese Highway‘where a
seasonal highway cemp is located. .

., The character of the stream remains reiatively constant

from two miles from the stream's origin to the junction

with Montana Creek. -Cascading riffles;are predominant,

intermixed with small pockets of %lower water lyihg either

by the undercut banks or below boulders in the middle of

the stream. Most of the "pools" are 12 to 24 inches deep

‘and less than 30 feet long; often there are water chutes

where the water deepens; resulting in stretches of slow
water near>the,bottem. Deeper 'pools are present at the
junctione of the various creeks.

Below the mouth of Montana Creek (Fig.,l), the gradient
decreaees noticeebly and the creek takes on a braided .
appearance. Larger stretches of quiet weter are'preSent :
the pools are larger and deeper w1th small sweepers commonly
tralllng in the water (Table I, Appendix I). Typically, the
side of . the pool away from the undercut bank consists of a
rubble or gravel bar- wh:ch is submerged during the Sprlng

In the last flve mlles there are long stretches of
quiet, deep water. The surface is commonly shadowed by
trees. The banks are hlgh~and rubble bars are rare., Deep

holes are present on the outside of bends, with many



uprooted trees lodged on the banks. Some of these holes
reach a depth of over five feet, and the quiet waters

extend for huﬁdreds of_feet. The water looké much darker,

'apparently from the_organic~matter deposited on the bottom

by the relatively weak current.

<



THE HABITAT, SEASONAL MOVEMENTS, AND ABUNDANCE OF
GRAYLING | '

MATERTALS AND METHODS

'In order tb determine the type of habitat utilized by |
the grayling in McManus Creek, 43 pools known to contain
grayling were described in detail.

' The size ofAeach pobl,was.estimated by the inveStigator
after ‘having measured by tape five pools, Which:showed_ﬁhét

the estimatéd size showed an error of ‘less than 15%. - The

‘depth, whenever possible, was measured by walking into the

stream and reading the maximum depth on hip boots which had
been marked off at six inch intervals. Where the pools
were too deep, the depth was éstimated. |

The bottom composition of each pool was determined by
a visual estimation. All rocks larger than 10 inches in .
diameter were considered.boulders; all rocks between 1 and
10 inches as rubble; and any rocks between éppfoxiﬁately

3/16 and 1 inch as gravel. Everything smaller was considered

as sand.

Daily air temperatures for the‘area were obtained by
means of a PTC Model 615 dry stylus thermograph,;located_at
the junction of Faith and McManus Creeks.t.The instrument

was’wrapped in a plastic bag, placed inside a can nailed to

‘a spruce tree five feet above the ground, and away from:

direct sunlight.
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The water temperatures were taken by means of<a
centigrade laboratory thermometer in the riffles sbove
eachlpool, The thermometer wés completely immersed and
lodged between rocks for five minutes.

At three stations marked I, II, and III on Figure 2,

. r . - . -
- 250 ml water samples were collected in airtight glass

bottles, placed iﬁ a closed box, end kept below 56°F.
Later the contents were mixed in‘a Waring Blender and
tufbidityvreadings'taken on a Hellige Turbidimeter. The
pH was measured at the the three.stations using Brom-Thymol -
Blue and a Hach colorimeter model DR-1599 B.

Stream velocities were obtained with an immersible
Kahl Scientific Instrument Co. water flow meter. The meas-
urements were taken from randomly selected pools in each
of the 24'statiohs at mid-depth, in feet per second. excepth
Where stated otherwise. |

In order to determine the poﬁulation of the stream and

the presence of seasonal movements, tagging operations

. were conducted throughout the summer of 1966 and 1967. The

stream was divided into 24 stations (Fig. 2). The fish

iwere'captured‘with'l/S_and 1/4 inch mesh 20 foot drag seines,

and by hook and line. Bach individual was snesthetized, fork

length-was measured, the weight determined with Chatillon

spring scales, and for later studies scales were removed-

from the right side of the fich, just below the dorsal fin.
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:A.monel peduncle tag was affixed and the fish released.
The fish were released in the same sectién where they were
captufed, but not necessarily in the sameé pool.

A% the pools marked AA, BB, CC, and DD (Fig. 1),
21 fish were tagéed with color coded spaghetti tags for
.qqick identification. Uslng thé four color rings--yellow,
red, blue, and green~—and alterﬁating-their order, 21 .

different combinations were obtained.
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"~ _RESULTS

- Early summer

No data were obtained during the spring months. -The

'ice began to break up in the creek between May 20 and May

25, 1967; but the investigator did not reach the area until
Jun€ L. | |

From June 12 to June‘ZQ, 1967, and from June 16 to

June 24, 1968, grayling were seen attempting to sufmounﬁ-the

diversion dam. Fishermen had reported seeing fish jump
prior to these dates. For deécriptions of the jumping see.
Schallock (1965). Between 2145 and 2300 on June 13, 1967,

ten fish were counted trying to negotiate the dam; of these,

only two were successful. At this time there was a drop of

L.5 to 5.0 feet between the lip of the dam and the streem.
Betweeﬁ June 10 and June 20, 1967, the creek was seined

from station 24 to station 6 (Fig. 1) to determine the fish

population present. The water was high, swift, and cérrying

a considerable silt load. The banks consisted mostly of

'pécked snow and ice up to 10 feet thick, and in portions the

ice-nearly blocked the stream. .
'During'the”ten—day seining operation, only one grayling -
was captured, this being a 120 mm-parr taken on June 12

(Fig. 3). The fish was found under brush protruding from

“the bahk of a-backwaﬁer pool. The pool was 27 feet long,
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Figure 3. Distribution of fish in early summer, as determined
by seining from station 24 to station 6.
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6 feet wide, and 3 feet deep, located approximately lOO yards
below station 19. Ice was present along the edgés;'and'the

bottom was sand-covered. The water temperature was 1° ¢, and

‘the velocity within the pool was zero feet per second. The
'curppnt'in the main channel was{measured-at 3.5 fps at centery

"and 1.7 fps at one third of thé distance from the bank.

In_theaSame.Qperation two parf~apprbximately 150 mm -
N . " 11 : . . -
long were seen between stations 22 and 14. In both cases the

parr was scurrying under the ice in rapid current. A third

fish approximately 250 mm long was seén moving upstream in the -

main channel in a current of 6 fps.

In the very shallow riffles, between rocks at the lower
end of rubble‘bars,slarge numbérs of grayling alevins under
40 mm long were found. They appeared to be basking in micro-
pools_abdutfthreefinches in»depth. In these poolssthe alevins

moved together in school-like fashion. They.rested close to -

" the bottom, but if'frightened they exhibited avoidance

reactiohs'by either moving out into faster water or hiding

~ under the rocks. The water in these micro-pools reached

temperatures up to 10° ¢ during the day but droppéd to h° and_

59 ¢ at night.



s

-Mid sunmper

The creek was seined from station 24 to 0, between
Juné_28'and July 15. By the latter date the water level

at Faith and McManus had dropped 16 inches and the turbidity

. had dropped to 4 parts per million of'suspended matter.

¢

' -The.velocity,at the,point}where fhe first parr had been

‘captured was, at this.time, down to 1.7 -fps.

On June 26, nine grayling were collected between
stations 3 and 5, and all were found in the faster stretches.
Two were seen attempting to surmount riffles and were

immediately caught. Three were captured near the banks,

" where the water was two to three'ﬁeet'deep and very swift

(3.5 fps). The remeining four. were taken from a.deevaandy
pool, six feet long and six feet widé.and more ~than four
feet deep, both upstream and downstream from which the
water was extremely fast and turbulent. Six of the nine
fish had ragged tails and dorsal fins. |
Observations of the grayling's behavibr:were mede at
twélpééls. These were both twenty feet lOng,rfour t0 five
feet deep and on thevnorthvbanks;, Dead spruce trees were
jutting into the garrent. On June 26 the p6ols held 20 to
25 parr, all.under.lSO_ﬁm in length. Occasionally large
fish were seen moving upstrean into the pool and disappear-
ing under the sweeper. They came singly and in groupskof
two or thres.. In that same afternoon, three individualé'

were seen leaving the pool, heading upstream.
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Figure 4. Distribution of fish in mid-summer, as determined
by seining from station 24 to station O.
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The seining operations from June 28 to July 15 indieated

-that‘the'fish were distributed evenly through the length

of‘the-stream (Fig 4) The seining began at station 2L
and worked aownstream. On the 28th, the max1mum water
temperature was 5° C and by the end of the seining opera-
tlens,theftemperature.reaehed a hlgh of 13° C. Ice was
present along stretches of the banks until July lO{

.
Late summer -

Between August 25 and September 5, 1966, McManus was

seined by graduate students Lynn Boddie and Marshall Denby.

Using the same s+at10ns but a smaller mesh seine, the res ults

indicated that the bulk of the fish were octupylpg the

upper half of the stream (Fig. 5) . Although no seining was

conducted in 1968, a distribution similar to Figure 6 was

evident from my observations.

Fall

The data available for periods after September 5 are
scanty; in 1968, observations were made at three pools, one
in station 22, one in station 18, and one in station 1, on
September 1 and 14. In the pools of stations 18 and 22 the

fish were still present and in larger concentrations than at

- any previous time. On August 20, grayling parr were attempt— -

ing repeatedly to jump over the spillways of the culverts.
where McManus! tribntaﬁjes are crossed by the Steese Highway

They were uns ucceuotul since a drop of six feet was present.
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Figure 5. Distribution of fish in late summer, &as
determined by seining from staticn 1 to
station 24.
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Aresults_-

-Iﬁ_ihe summer of 1966, 354 fish were tagged and 144
finéclipped in McManustréek.‘ At the time of tagging7 the
crew had estimatéd that at least T5% of the fish with fork

lengths greater than 180 mm ‘had been captured due to the

¢ ’ ) .
- low water and high visibility (Iynn Boddie, personal

communication). Such conditions would have increased the.

‘efficiency of the seine by allowing the workers to see the

fish.

Between September 28 and'Se?témber 30, 1966, 18 fish
which had been tagged on August 28, 1966 were fecaptured
by a fishermen (Fig. 6). Over the one month betwsen tagging
and'reoapture, the fish exhibited a random upstrean-dovnstream
movement. |

During the summer of 1967, in two seining opérations,
105 fish were-tagged and 59 fin-clipped. During the same
operation, 10 fish tagged in 1966, and 17 others with scars
from"lost_tags were recaptured. OFf the-fish fagged in 1966
2.8% were recaptured still bearinz tags, éndl7.5% bearing
either tags or tag scars. Four tagged fish were recaptured
below the dam. |

Dﬁring 1968,_on1y five‘taggedvfish'were recapturedv

from the previous years. One of these had been tagged in .

1966, the others in 1967. Two .of . them were taken below {he

dem. Notie ‘were found with tag scars.
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Results_of‘the recapturevof
tagged August 28, 1966, and
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Of the fish with colored tags, four from pool AA
vanished in the first week of July. Three of these were
recovered in the third week of Auzust between ﬁ@ols BB .
and CC. The fourth one disa@peared and_is'preéumed to

have been captured by fishermen. The fate of some of

<

' the remaining 17 will be discussed later.

'.Characterlstlos of pools in which the grayllng Wer° found

!‘

A sample of 43 pools was . studied: 1nuen51vely to
describe the.typehof habitat utlllzed by the fish. Of
these, 18 pools were selected from the upper portion, 18

from the middle and 17 from the lower section of stream

The lengths of the pools varied from six feet o 150
feet, the average being 35 feet. The data obtained were’

tabulated in Table I, Appendix I, and the mean-values per

section for pool lengths, depths, surface ares aﬁd éstimaﬁe-
of plant, COVér are shown in iable iI Appendix T, The'ﬂa%a'
.on plant cover were converted. 0 frequency of occvrvenne

per sectlon, and then to. Lrequency of occurrence for th@

entire study area. The results of the evaluation of the

bottom composition, water velocities, and surface are

tabulated in Tables IIT and IV, Appendix I.
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DISCUSSION

" The seining data indicate that, even allowing for loss

'of~effectivenees'of-the.seine due to the high and murky

water, few fish'Were present in McManus Creek up to mid
June; A1l those seen or captured Were emall and probably
surv1ved the Wlnter in one of the deeper pools.

The presence of fry 1n the stream from June 12 to June.

20,.1967, and the absenoe-of.mature-1nd1v1duals at this

time, appear to indicate that-the grayling which are
reported to spawn'in late May and early June (Nelson 1954,
Reed 1964), had spawned in the. strean at least two weeks

earller, and then had mlgrated back downstream Such a

movement would appear to agree with Reed (1964), Warner

(1956),7and'Ward-(1951) who indicate that spawning grayling
from lakes move up into the creeks in May or early June,
and then move back downstream within one or two weeke.~

In McManus Cfeek the grayling apparently move upsiream

to spawn as soon as the ice goes out. Once spent they move

back downstream A Tew weeks later, another grouo ready
to spawn moves up and thlb is the pOquaulon whloh thablb5 
the stream durlng the summer. This second group Would~be

the fish in spawning condition Whioh were captured below

the diversion dam as late as June 20. Reed (1964),
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describing grayling streams of the Tanana drainage,

- mentions that some grayling remained in the stream_after

spawning; this does not seem to be the case with the
grayling responsible for the mid-June fry in MceManus
Créek, but Would_apply to the later migrants.

Ahother_possibility‘would be that some grayling may

’spawn,in}the.fall,lwithvtherfertilized eggs remaiﬁing‘inA

“the gravel over the winter.  Unforpunately no ripe individuals

have been seen by the investigator or other workers from the
Alaska Department of Fish and Geme in the fall, Fishermen
from other drainages; notably the Salcha River, maintain that
they have caught ripe individuals in late August.

Schallock (1965) indicates that the young of the year
vanish from the stream by August. This was not the .case in

1966, 1967, or 1968, Both young of the year and one year

0ld fish remained common throughout the summer. However, .

they did change their habits considerably, since in June and

July they were commonly found in shallow pools formed by

rubble bars. By.AuguSt they were found in the deeper pools,

where they stayed close %o the brush and_were_caﬁgqflaged
with the bottbm.: Theirlpresence was shown during the tagging
Operations in 19665 when 95 fishvunder‘iSO mm were fin~ciipped
betweenvstaﬁions 17 and 24 and countless ones under 95 mm
Were'réleased, a1l after Auzust 25. Similar'results'wére'

obtained in 1967.
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It appears that most of the summer populatibnjof the

stream comes from below the dam. - The evidence for this can

‘be seen in Pigures 4 and 5, which show that in the early part

of ‘June the stream is nearly devoid of fish, but is well

populated by.July'l; Further evidence to support the above

: _idea‘is gliven by data from the_fecapture of grayling marked
the pfevious year.  Even if only 50% of the taggable fish

1had-beenvtagged'in 1966, the complete absence of fin—elipped

recapturés:in 1967, aﬁdithe»low recapture,; 7.5%, of previously

tagged»fish-strongly‘implies anvalmost complete turnover in

- population. ‘The presence of previously tagsed fish below

the diversion dam, 18.8% of the total recé@tures, Where‘they
Were_capturedfand seen attempting to jump, léads-to spscu-
lation that emigration in fall.or;Winter-does take-plaéeb

It should be noted thatvrecapturedvfish showed that the tag
hadﬁseverely,damaggd_the fish?s.peduncular'region.. Afmarked .
swelling énd_open wound was present on all recaptures, even
though the tégvhédvbeen iﬁSertedbthe previous'year.:'if
éppeared_that the swimming was hamperéd, andvsuch‘a wound
cduld have severély affected the ability of the fish to

negotiate the dam. The sharp decline in number of fish

‘captured in 1967 (165), opposed to 498 in.1966, may be a

reflection of the damage caused by the tags either by

‘keeping fish from surmounting the dam, or by increasing the

mortality of the individuals.
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An upstrean spring or early summer migration is evident
in McManus Creek. This mizration conforms to the date
available from other localities, Brown (1938a) in llontana;
Degteva (1965) in Russia; Leach (1923) and Vincent (1962)
in Kichigan; and Warner (1956) in Alaska. However the
migration in thils ares differs from the others in that here
the fish do not return inmediatvely downsiream to a lake
after spawning, and that the Ilcllanus grayling do not move
en masse, but either singly or in groups of two or three.
This may be due to the presencé of the diversgion dam which
disrﬁpts the movement of the fishk as a zroup, or aue to
the hizh latitude, which results in virtually coniinvous
daylight during mid and late June. Other authors regort
observinsg the migration of the fish only after cundown,

The pools occupled in early summer are those found in
the deepest and slowest portion of the stream, which also
contains the largest pools. These characteristics are
found in the lower sectiorn of the stream (Tatles II, III,
IV, Appendix I).

This investizator believes that the lowest section of

p]

the stream serves as a stoppinz-over area whers the grayling
stop on their migration, waitinz the subsicdence of the water.
The depth, combined with the slow current makes these vools

ideal durinz the sprinz runorf. As the water and the

(0]

current continuc to slacken, zmaliler and smaller fish arc
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able to make the journey., Such a mpvementlwould be'diffiéult
earlier because just above the lower seéfion fhe'Character of
thé_stream is such that there is a complete absence of
pfotected pools, resulting in turbulent and very strong
currents. "
| By the end of June, the £ish were found o be}still_moving

upstream,'although by then individuals héd:already-reached_the

. . v .
uppermost portion. The figh in the lower section were still
moving. This was observed visually, and was verified.by

color tageing four fish in the first week of July. The rapid

changés in distribution of fish in the stream seen in Figures
4 and 5‘fdbk'a§préximafelyAbnevweek. In Jﬁiy the upstréam
.movement appeared slower than it had been in late June. .At-'
this time only a few smaller individuais were seen moving
upstream._ _ _

By the last week of July of both 1967 and 1968, large
grayling had.viftuallyrdisappeared from thé lower‘seetion;'
but cdnsiderable numbers of fish under 160 mm in length were
still present. |

Once the fish reach the upper or middle sections of the -

stream they tend to settle~dqwn'in individual7pools where

| they remain for the rest of the summer. Marked individuals

have been observed living in the same pools for as much as-

- five weeks, but these will be discﬁssed in a later section,-

During-mid—sumﬁer7the diStributibn is uniform throughout the

streem (Fig. 4), with the largest individuals concentrated
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_1n the- upper ‘half.

The - habltat in whlch the 1nd1v1duals settle down for

‘the summer consists.of clear water of O-L ppm turb1d1ty~and

97 to 100% oxygen saturation.
‘The fish in the upper reaches stay near the bottom -

by‘day, and leave the pools asﬂdarkness approaches. IAwas

unable to see what happened once they left the observed

pools 1nvthe evening, I suspect that a random movement

upstream~and downstream-takes.place, which would explain
'the'randOmﬂdistribution shown by Figure 6.

In the lower Chaténika River grayling were reported
moving upstféam as late as thé 1ast week ofMSeptembér;_
wheh 85Q+ graylihg were counted at a weir maintaihed by

the Alaska Department of Fish and Game. These fish were

éccompanying-a school of whitefish (Gene Roguski, personal

communication).
'No data were obtained beyond September 15, but reports

- from fishermen indicate a downstream movement at the end

of the,mohth; when fish were being taken in pools between
stations: 0 and 1, an area where they had been absent in

both spring and summer. At this time, the water was too

low for the grayling to be able to jump over the dam, and
the only:-place they couldahave'come frbmvwaS'upStream.
' Other data that might indicate a late fall or winter

downstream migration are the capture of six tagged grayling
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beiow the dam in the spring, coupled with reports of fisher-
men taking many‘tagged fish at the dam-in early June.

The summer movements described above appear to follow
closely those’observéd by Shetter (1937)’while working with

brook trout in Michigan. There, the brook trout remained

in théir pools through the summer, and migrated. 3/4 of a

mile upstream on the average in autumn. During the winter
there was a downstream migration of fhe«bulk of the popula-.
tion for as. far as 18 miles. This was féllowed_by'a
feturnjto the tagging locality on the following,year.

The grayling of McManus Creek differed from the trout
studied_by Shetter only in that their period of stability
inia ?ool did not last through June, July, August and early
September, but only. through late July and August. . |
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DISTRIBUTION, TERRITORTALITY, AND SOCIAL HIERARCHY
OF THE GRAYLING WITHIN THE POOLS

'MATERTALS AND METHODS

In the summer of‘l968»six pools were selected for

extensive~$tudies,' Two were selected from each of :the

- main Sections previously described. The selections were

oased on the follow1ng cr1ter1a°
a) pools which were representatlve of the sectlon
in which they were located.
b) easeAQf access., |
“.c) pools allowing observation-even during.perieds
of relatively high water. ;
'd)  availability of obeervationqposte which would
not alarm the fish. | | _
The pools were designated as AA, AAy, BB, BBy, CC, and CC,
(Fig. 1). Pools AA, AA;, and CC were visited weekly or
more often after having been'established;vpool.BB was

visited biweekly. Pools BB; and CCl were visited three

:'tlmes, once each in July, August, and September.'

Pools AA and CC were under observation from.June.25 to.‘
September 14, from 0700 to OZOOeonithe~days of Qbservetion;
the rest were observed from July 22 to September 2.

On each visit the observer approached with cauticn and
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‘sat in a position allowing clear view of the pbol ‘while

.still having a brushy barrier present as. camouflage.,

From fifteen minutes to one half hour was: allowed. for the

fish to adjust to the observer. ‘Visual observations of

" the. dlstrlbutlon of the fish, both vertical and horlzontal

were made, activities that the flSh were engaged in were
described either in writteniform,or on tape, and whénevef.
possible Super 8 moVie films of th@ﬂactivities,wére.taken}
At hourly intervals water»temperathes were taken;

‘The physical characteristics of the six observation

poois'are tabulated in Table 1. In Figures 8 to 12 the

character of the pools and the distribution of the fish

within each are illustrated.
To determine the aréas occupied by.individual fish

in pools AA and CC, the fish's movements over a‘ten-minute

"period were plotted. This was done by scaling a paper into

"1 inch equals 1 foot sections, and tracing all movements

as they occurred during that period of time.

The hbrizonfal distribution of the fish was determined
Qisually from above the Sufféce of the water. The vertiCai
distribution was determined with the aid of a glass bottom

bucket.
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TABLE I. CHARACTERISTICS OF SIX OBSERVED POOLS

) NO.

POOL  DATE MAX.  MAX.  MAX. - RATIO =  OF-FISH  SIZES OF
NO. STUDIED LENGTH ~ WIDTH DEPTH . OF BOTTOM COMPOSITION ~ PRESENT FISH PRESENT
| o (m) (m) . (m) b R ~ (in mm) -
‘ . . . : Rubble Gravel - Sand 3 '
AA L 6/25- 2.05 . 1.10 0.70 0 80- 20 - 8 75 to 185
- 7/23 _ . — o |
Aby 6/25- 12.50 6.00 1.80 0 10 90 - 3 75 to 200
3 7/23 R o | | - - S
- BB . .7422- 9.00 3.00 1.35 50 50 0 15+ 120 to 350
9/2 L ' - . . . ,
BB, 7;22— 45 .00 6.00  1.80 100 0 0 - 10+ 100 to 380
St 9/2 B | o b
cc  7/16=  7.50 3.00  0.90 30 60 10 12 125 to 250
: .9/16 ‘ o - . , o : : : : , o .
6Cy  7/16-  9.00 3.00 - 0.90 10 g0 10 810 . 120 to 230

9/16

1€



RESULTS

HorizonxalAand vertical_distribution_gi.the’fish,
In the six pools studied, and mbst'of-the'other~37

pools observed, the'larger-fish occupied positions close:

_to the bottom (Fig. 12), and the smaller ones were distri-

buted ‘in the mid-depths; In the same pools thé~largest

‘members were found in the most forward positions in rela-

tion to the current (Figs. 7, 8, 9, 10, and 11), and the
smaller ones tfailed behind. When a poolvwas;observéd in
Cross seétion, it'was found that the largest fish occupied
the deepest'portionjbf the pool, often corresanding~to -:
the center, with smaller fish on either side, and the

fish becoming progressively smaller as one neared the
shore. | |

The generalizations stated above held true whether

“the pools had a population of parr, adults, or a mixture

of the two. The latter was the most common combination
found.

‘The nature of McManus’Creékvis such that the deépést'.

pértion of each pool usually is-to be found immediately

below thé-upstreamvriffle. In this part-of the,pool the
current is swiftest, and the only rocks deposited are of
rubble and boulder size.  Due to the une#en bottbm,vthe_
large fish occupy positioné immediétely béhind‘large rocks3

where the current is not as strong. ~Measurements taken
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Pool AA.

ve and looking upstream.
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downstream.

POOL BBl'
Viewed from above'andvlooking

Figure 9
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POOL BB.
'Viewed from above and loOkli'n

‘Figure 10
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Figure 12. Vertical distribution of grayling in a

pool.
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in the summer of 1967 indicated that the velocity near the

- bottom, at the head of the pool; was similar to thevveloéity

at mid-depth further back in the pools, where most of the

parr were found.

Exceptions to the distribution stated above occurred:

a) among adult fish which had been previously

tagged.

'.‘
b) in lohg narrow pools in turbulent stretches of

stream.
¢) in standing pools with little or no -curreat.

d) 1in all the pools observed after September 2.

Adults_carrying peduncle tags were seen in three cases,
and one of these was in pool'CC, where it was observed from
June:25 to Juiy 28. 1In all three .cases the tagged fish
were tﬁe largest fish in the pool, and yet occupied a

position behind a slightly smaller fish. The physical

appéarance_of'the tagged fish was poor. Aside from the

swollen peduncle and tail, their bellies were withdrawn.

The index of condition for two of the fish was”determined by

.usihg the equation (Lagler, 1956):

k= _"
"L3
- K'= index of condition
W= weight in grams ’
L = length in millimeters
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K for the two tagged fish was 56.7 x 107/ and 58.9 x 107/,

as‘compared to 109.2 x 10_7 for healthy fish of,the-same
size, collected in the same area and during the same week.

In the situation involving narrow pools in turbulent.'

- stretches of stream, the horizontal distribution also-

¢

varied from the norm. These poois-océufred primarily in
the uppér portions 6f the stream. In these the largér
fish were typically fqﬁnd in the-déepest porﬁiqn of'the
pool, which usually corresponded to a location.half-wéy
dOWn.fhe length of the pool. The parr were located both
ahead and behind the larger fish (Fig. 13).

The lack of typical distribution was also observed
in the pool below the diversion dam (Fig. 14), in pool Ad,
and at the junction of Homestake and Charity Creeks at
the headwaters .of FaithrCreek. A1l three of these . pools
were chérétterized by large size, deep water, and lack of
a strong current. _

- .The pool below the diversion dam (Fig. 14) was the
deepestvpointAin the drainage. ’Wﬁen tﬁe;water level
dropped in late June, the pool héd_a»considerablé portion
of standing water. As soon as‘the water dropped and the
current diminished, the fish, which previdﬁsly;had been_
lying close to the bottom, began milling around in schools.

The movement of the schools was in a counter-clockwise
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Figure 13. DistributiOn of fish in narrow pools.
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direction, the direction of travel was counter to that of

:the slight clockwise current present.~'The schools had the.

larger fish in the forefront and center of the mass, with
smaller ones at the periphery and trailing,behind. In

early July, when SChOQl§ of round whitefish (Coregonus.

¢ . .

cylipdracgus).entered the‘pool,_the grajlihg joined thése‘
sqhqblsjéndimoved;together‘as a group. o

Pool AAl,'tﬂe only one of the thréerpools that wés-
within the study area, was also a large pool with very
'slow'cﬁrrent.. Here the fish were wandering in a figure
eight pattern.'

‘Thevbest illustration of the‘conditions under which
the breakdown of théthoriZOntal distributien occurfed_waé-
the pool at the junction of Homestake and Charity Creeks.
Up until July 20, this pool was approximately 30 feet
long and 12 feet wide. The distribution of 11 fish
inhabiting it foilowed’closély the pattern illustrated in
Figure,ll‘for CCy. After July 20 a reservoir was created
by an earthen dam éonstruétéd~50'metérs below_thé pool;
After the dam was built a reservoif approximately 1% meters
déep.and inundating an area about 50 meters by 30 metérsr |
resulted. As the water began to rise, thé fish left
their previous positions and began moving aroﬁnd the onl

in a school for the remainder of the summer. Because of
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the contlnuous movement of the school, the large size of

the reservoir, and the lack of a sultable vantage point,
observations of'the ordering of the school could not be
made. - One thlng was apparent however, the number of
1nd1v1duals in the school was constantly 1ncrea31ng throuvh—;

out the summer. Whether the additions came. through the

discharge.pipes, or moved down from the two trlbutarlesv-

g
was not determined.

On September 14, pools AA,'AAl, CC, and CC, were
observed for the last time. AA and AA; were devoid of fish,
CC and CC; still contained fish, but the composition' had
ohahged{_ Both pooleAcontéined onlv adult fieh, and the
horizontai distribution appeared random, with all of the-:.
fish staying close to the)bottom. Evidences of changes in
composition first became apparent on September*z, when“both~
in CC and BB, flsh which had been color tagged on July 22

started disappearing for the flrst time in 42 days.

Feeding range and feeding center

Using Burt's (1943) definition of home range as "the

_area, usually around a home site; over which the animal

normally travels in search of food," then the grayling

observed‘from June 20 to September 2 can be said to have a

“home range. However, this range will be referred to as a-

feeding range since all movements considered here were -
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feeding movements. . ALl of the fish wandered from,a-fange
center,.bﬁtVthey always began their movements from it and -
returned to it. - |

- The preseﬁcé of the'feeding,range and feeding cehﬁer
is.illuétrated in Figﬁre 15; " These are two tracings of.
the_hdvements,of'twbvfish;'Figufeil5a'df fish'#lvin pool AA,
éhd.Figure 15b of parr #L in pool CC, over a ten—minute 
period. Eighteen such tracings wére made in pools AA.ana.-

| CC{ Of the 18, only 8 included only feeding movements, -and
these latter ones were the only ones that could be used in
relétion to feeding ranges. The distances traveled aﬁe
tabulated in Table IT. From the table it was calculated
that fhe lafger fish seldom moved more than 60 cm in aﬁy,
one direction in search of food,.onlyA6.8% of the movements
exceeded 70 cm;.and h.8%*wene greater than one meter. 
.The-parr,yhowever,ﬂdesignated as GroupvB in Table II, had on
the average larger home ranges, as 15.9% of all movements
exgeeded 70 em, but only 5.2% exceeded one metéf.

B The fange centers of individuél>fiSh were véry definite;
individuals could often be recognized by their associaﬁion
With.avpebblé'no larger-than four centimeters iﬁ'diameter;j
After excdréioné éwéy"from the'range cehter the fiéh“would
return and occupy exactly the same -spot.

These sites were semi-permanent, that is they remained.




a)Movementé of dominant fish in
pool AA.

- b)Movements of fish #4 in pool CC..

[

Figure 15. Tracings of the movements of two

fish over ten minute periods.

16



TABLE II. MOVEMENTS OF GRAYLING OVER TEN-MINUTE PERIODS - o
| - T POOL  TOTAL  0-30 30-60 60-90 90+  TOTAL _ 0-30 30-60 60-90 90+
GROUP . A DATE - NO. FORWARD cm cm cm cm  BACKWARD cm . cm .~ cm cm
~ 7-9 BB, 5 P 0 o 1 Ly 6 12 0 0
7-16 CC 7 5 1 0 0 38 28 8 o 2
7-23  CC 9 b by 1 0 42 16 . 20 2 b
Mathemati- 7.00  4.25 1.66 0.33 0.33 41.33 15.00 7.66 0.66 2.00
- cal mean for ‘ _ - . '
"Group A
GROUP B | | ‘/ o
7-9 BBy 23 7 14 2 0 52 32 18 0 5
7-9 Ak L I 21 17 7 0
7-16  CC 27 6 15 6 ol IA 25 7 45
7-16 AA . 31 17 6 6 2 L8 30 18 0 0
7-23  €C 30 19 6 - 2 3. 35 20 76 2
Mathemati~ 25.00 10.4 8.8 4.0 1.8  4h.2  25.6 13.4 3.4 1.80
cal mean for - ‘ f : o ST -
- Group B ‘

L
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‘the same throughout the summer for as long as the composition

_of the fish in the pool did not change. If a fish was

removed from a pool the rest of the fish behind him would

 move up and occupy different feeding ranges.

Terrditories and Hierarchies

. The individual grayling in the pools. exhibited restricted
movements ever'a small area, their feeding range. An erea.f
slnghtly 1arger than. the feedlng range was defended agalnqt
other members of the species whenever the latter ‘entered 1t,'
thus‘exhibiting definite territoriality.
| The first time- that the pools wefe visited on June 25
the territories had already been established and ﬁhe |
procedure that the fish had used in distributing themeelves
was not seen. However, due to the f1shes'peca11ar f”1ght
behavior, some insight on how the original spatial dlstr1bu~‘
tion might have'taken place can be gained.

Whenever the pools were dlsturbed either'by someone
walklng -along the bank or selnlng, the fish scurried at
flrst to the deepest portion of the pool and if the dlstur;'
bancerereistedtthey moved to the downstream end-of the pool.
Slowlj,-afterﬂthe disturbance subsided ~the smaller parre |

moved to the head of the pool in the v101n1ty of the p031t10n

_formerly held. by the largest fishes. These parr would return

" mostly in small groups of similar 51ze;'the gfoups'of the
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smallest fish coming first, until:approximately'lﬁ

minutes later when the largest fish returned. As these

groups returned to the head of the pool, each retiurning
individual began a display with its closest neighbor
which had already settled in ihe‘area,-seemingly trYing to

displace the latter and usually succeeding. Each fi§h did

not display with every fish smaller than itself, but only".
. k 4 : ° .

with the one or two slightly smaller than itself, and only
to“regainfthe position held in the pool before the diSthb—

ance. As a fish was displaced it moved downstream iﬁ the

- pool, and as it did'sb, so did every other smaller fish

~ behind it, maintaining fixed distances between the members

of the group. For pool CC (Fig. 10) the distances between

fish were:

Fish #1 and #2 - approximately 25 cm
Fish #2 and #3 - approximately 25 cm
Fish #B,and_#L - approximately 50 to 60 cm

In pool AA (Fig. 7) dealing with smaller fish, the distances
between fish were: as follows: -
Fish #1 and #2 - LO cm

Fish #3, #L, and #5 - 20 to 25 cm
- Smal}éSt fish - 8 to 15 cm
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After the pools were disturbed the returning fiéh began

to display with each other: These dlsplays, which are called

challenge dlsplays, were. always 1n1t1ated in the same manner.‘

1.

This began with the "invader" moving up to the

"defender" until parallel with him.

"Both fish then lay very still with dorsal fins

folded across their back.

| - Then slowly the -invader would begin drifting.

toward the other~unti1.their bodies were less
than one centimeter apart.
Then one, usually the invader, moved forward until

14 or 15 cm away and assumed an arched position 50

ithat the . 1n81de of the arch was presented to the

head. of the other fish.
In this position the arched fish, the invader,

moved backwards and as it neared the defehder, the

invader began'sinking until beneathvthe defender.

Once beneath it began rising in the water colum
and as the two flSh drew close, the defender NOULdA

begin drifting backwards (Flg. 16).

At this point one of two things would happen::

1.

The retreating fish kept on retreating until it was

out ofzthe area.
The retreating fish moved around the rising fish until
parallel and then the pattern of events was repeated

with the protagonists reversing. their role.



P

Figure 16.

Steps in establishing dominance

a.
b.

d3

Invader apprdaches dominant

and c¢. Invader displays and
below defender.

Defender begins display.

in a set.
‘defender.
sinks
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#1- defender
#2- invader
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The display as described above happened quickly, and

was observed in its entirety only five times when conditions

allowed the use of a glass bottom'bucket : Many'similarv

displays had been seen from the surface, but, due to the
turbulence and surface reflectlon, some of the detalls were
mlssed.‘ Thlrtyeseven-observatlonS'made from above the . sur-
face ell‘Sharela sﬁriking similerity”to the display'deecribed
above.  However, it should be noted that the descriotiOn above

is one of the most complete seen. In most cases the domi-

 nance between fish-wes'determined by Step 3. The most

intense displays occurred among parr 150 to4200 mm long.

Among the;largest fish the displays very seldom reached step
3, usually terminating at step 2. In pool CC I never sew a
display between fishes #1 and #2 go beyond sﬁep 1, as fish #2,
which was wearing a'peduncle tag,'wae prompt in retreeting. |
The tag-bearing fish, although larger, was found.oocquing a
less dominant position, moved less than anyhother fish, was

frlghtened more easily than any other, and - recovered from

',hfrlght much slower, so that it always ‘was ‘the last flSh fo

return. The great majority of displays in my notes'appear
as follows: '
July 13, Pool CC, 1700

"Involving fishes #3 and #L. The two fish moved
until parallel to each other, then the aggressor
moved forward five inches and assumed a scimitar
‘stance, and began drifting toward the defender,
the latter drifted back with the current and left
the territory. . ."
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In all Qf the pools, if the lead fish moved‘eipher

forward or backward, the rest of the fish responded by doing

‘the'Same as a group. The criticél~distance,that the lead

fish had to move befofe the rest of the group followed was

- not determined. Nine times in pool AA, and five times in

pool €C the lead fish rushed up-tb the riffles.and_speht :
several minutes there. Slowly the fish dccupyiné“#Zf

position moved up until they occupied the'qutApreviously

‘occupied by #1. On #1's return the fish did not move back

to their old places unﬁii'#l displayed mildly with #2, at

_which time all of the fish moved back to their old positions.

In pool CC it first became apparent that the positions

" occupied by #1 and #2 were, fdr.thevsame'reaSOn, favored by

the other fish in the pool. Whenever one of the two moved.
out of the pool, their exact positions‘wérebtakenApvér by
fishes #3 and #L. This‘type of behavior was espeéially.well
demohstrétedain this pool when fish #2 vanished, apparently
taken by a fisherman on July 28. Upon.his disappeafance

fishes #3 and #, moved up to #2's position. There a series’

of interactions_in the form of displays between the-th fish

took place, until #1, remained and-#B,moved:approximately 30 cm
back. A week later a'fish“approximateiy 250 mm in length had
moved into ﬁhe pool and occupied exactly the same spot. |
previously held by #2,‘and:#3 and #L méved béck‘to their

former positions.
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Similar behavipr_had been exhibited in several éf the
pools used for the collection of fish. In these, within
24 hours of the removal of ﬁhe larger fish, the inhabitants
héd’feorganized themselves by.moving up and occquing the
exact spot of the~removed fish. |

AOncé_the;territoriéé:were established, the fish still 
occasionally interacted, as small%; fish éppearéd‘to be
constantly attempting»to_move'forward in the pools.. Competi-
tion for position was especially keen among parr.obcupying
the middle 6f the.ordéring; and considerable energy was
expended in maintaining and defending'the‘positibn in the
poolvagainst,fishes of similar sizes.

The larger individuals were especially tolerant of fish

much smaller than themselves to be present ahead of them.

Thus, in pool AAl there was a parr, #3,.which occupied.al.

position upstream and north of fish #1 (Fig. 7). This situ-

ation was allowed as long as #3 did not move towérd'the

centef bf the current. Whenever #3 moved across line I-I
(Figs 7), which denoted the end of a sand bar, he was sﬁbject
to attack by #1. If #3 moved too far back he was promptly

attacked by #L. Inspool-CC-there was'agfish:approximatelyu

130 mm long between.fishes'#l-énd #2, but off to the south.:

This fish was not allowed to come toward the.centér-by.#23

vbutvotherwise:Wasznot molested_excépt by #'s 3 and h who_

| regularly'ﬁfied-to chase thé~fish;out of the area at least



_once per observation period. In the "chases",.#3. or #4

- would rush toward}the.smallef fish, which fled-to the

head of the pool only to return slowly.a-fewvmihutesvlater.
During the defense of territories by the various fish,
the following types. of displays took plaCe;

The invading fish would move to a position ahead of a

lérger fish, the latter would make'guick rushes to the

¥
invader's flanks, when 5 or 6 cm apart, and 4 to;5,cm up-

stream of -the invader."Then the defender would slide or
drift backward toward the other fish at a position 30° to
the current. - Most of the time, 33 out of hZiobserved
displays, the invader would drift backwards.as thé défenderv
got to within 3 cm of the invader's snout (Fig. 17).

Two variations of the abové display havé been observed.
In one the defender simply rushed up to the invader's side
and the latter‘quicklyrlejt the area,'swimming~with the

current and the defender in pursuit. Actual contact was

 never .made.

In the second Qariatibn, the invader did not leaveJthe
fofward position when rushed, but:moved instead to"éne side
of the pool. This béhavior'was observed only five times.
Each.time, as the invader moved toward the side of ﬁhé_pool,
the defender returned to his usual positibn. A few seconds
later, the defender followéd'with a new rush as béfore,-to
which the invader responded by moviﬁg.to scme other position

or by going back to the lower end of the pool. After the
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rigure 17. Steps in territorial defense.

[

Invader assumes dominant position.
Defender rushes invader.
Defender displays to invader.
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Vsecond charge, as happened in three of the five 81tuat10ns,

the defender would rush and pufsue the 1ntruder;harra581ng

him contlnuously until he left the terrltory. Of’the three

-1nc1dents, tw1ce the 1nvader left the territory on the thlrd

ifrush and once,on»the flrst_rush.

Fish of similer'sizeﬁseldom interacted, and the few times
that they did, each individual returned to its range center
v . R

after very mild displays.

On July‘16 I recorded a defense of an area by_more than

-one fish. This was the first time that I hadfohserved this,

but similar behavior was later observed twice-at.poollCC; In
the incident at pool AA, fish #5 moved next to #4 and was

promptly rushed by #4. #5-seemingly_ignored #, and moved to a

‘position between #1 and #,. Both #1 and #, rushed #5's flanks,

’_stopping approximately'l cm from actual:contact. After #1 and

#4 joined the melee, #5 swam back to its original position.

Figure lS_shows'the movement of #4 after another  larger

. .fish moved to a position approximately 60 cm ahead of #4.

Note the 1ncrease in area covered durlng the ten mlnutes, and
the four dashes toward the intruder, which are labeled I,11,111,
and IV, These were of decreasing 1ntens1ty and took place
only durlng the first two minutes of 1ntru51on. |

In the fall the hierarchial orderlng appears to break

down completely'(Flg. lOb).‘ On September 16, the breaking

down of the hierarchy was very noticeable at pool CC, where
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gure 18. Movements cf fish in territorial

defense. Arrow indicates direction of current.

text for discussicn.
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adults and sub-adults Wereiintermixedﬁhggigongéglyyﬁggdﬁg;l

~occupied positions close to thevbpttom. vNo.displaYs of
bany type were - noted 6ver a seveg}hour'peyiod, although‘
twice smaller grayling moved rapidly back in the pool upon

the approach of their.cdunterparts.



- DISCUSSION

In the distribution of living organisms it is:found

that many animals tend to aggregate, mostly for mutual

‘benefit (Al;ée-et al., 1949). These_aggregations,,particu—

~larly among vertebrates, are brought. about primarily through

three’ major p&inCiples'oi behavidr—~territoriality,,hierarchy;
and hoﬁe range. Most animals display just one of thesetprin—
ciples, but subtle”traces of the ofher two can oftep-be_fQund.

Although many kinds of territoriality are recognized

(Allee et.al., 1949, p. 412), the most commonly described is

~the mating territory, in whi¢h~the nest is défendedfagainst

all intruders by one or both members of an-established,pair.

» sy
Lo
Bomen

In fishes this was first déscribed by Noble and Curtis (1939)

in the cychlid Hemichromis bimaculatus, and in the poepiliid

Xiphophorus helleri by Noble (1939).

Territoriality in non-spawning individuals has been
described by Greenberg (1947) among immature and adult green

sunfish (Lepomis cyanellus). 1In this species the territories

| ‘established were defencded by the residehts*against«subbrdinr

ates ‘but not against dqminaht individuals.

The concept of hoﬁe,fange'in»fishes,has been usedAbyl
Gerking (1950, 1953) in discussing the stabilityVQf fish .
populations in streams, and later by Newman (1956) in the
_study.of.inﬁerSpecific,competition betﬁeen,twovtrout.

Although all of the studies ﬁentionéd above use Burt's
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(19L3) deflnltlon of" home range, none -of the works om fish
ased the deflnltlon as the authors ‘had defined 1t.' Gerklng
(1950 1953) and Newman (1956) when dlscu881ng the hoie range
and home areas of salmonids, 1nferpreted the home range - as .

belng the pools in which the flsh had been tagged. Some of

¢

‘their pools were in excess of 300 feet long. When diScuSsing.

movements in an out of the home range the authors interpreted
it as meaning movement from pool ﬁo_poOl, and,this was tested
by the tag and recapture method. However, Miller (1957) showed

that the home pool was more than a home range for some trout,

_because some trout were born, grew, reproduced and died within

one pool, and different parts of the pool were used for differ-

ent life processes. Further studies might indicate that the
home range in the pools, using Burt's definition, might be

considerably smaller than previously thought.

The present study is unique in that a homé pool was

observed as-a unit, and its inhabitants were observed individu-

- ally and-ih‘relation to each other under natural conditions.

The data indicate that the Arctic- Grayling in McManus Creek
durlng the summer indeed have ‘true home ‘ranges as’defined‘by‘
Burt (1943) " In these "home ranges", which here are discussed
as feedlng ranges, there is a range center where most of the

time is spent, and from which all forays,swhether’feeding or

~otherwise, begin and end.  These feeding:ranges varied little

with the size of the fish, although parr appeared to make

slightly longer feeding forays than adults.
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,Gerking (1953) defined defenseAofdterrltoryﬁas_ﬁthe

- aggressive response of an animal for the protection .of an

area from invasion." Following the above definition; then,

the.arctio_grayling in .the stream do exhibit territorial

vdefense..

The terrltory defended by these fish tended to be

sllghtly larger on the upstream s1de than the feeding range,

~and-only the area ahead of the flSh was defended.. The

territorial defense movements differed from feedlng,movements

-in that they were more intensive (i.e., quicker movements),

jand“often covered a distance twice as long as the feeding

movements. »
In the defense of territory the grayling followed
throngh what appeared to be a ritualistic display. They

bent their body in a scimitar shape while drifting toward

their opponent. A similar display is described for

Platypoeeilusdmaculatus by Braddock (1945), who interprets

the bent body as a challenge movement.
Fabrlclus and Gustafson (1955) brlefly descrlbed the

aggress1ve behavior of the Eurcpean grayllngrggxmallus

thymallus. I. thymallus apparently is much-mOre'aggressive,

its activities involving:oonsiderable physical oontaotfandﬁ
resulting in nipping at each other's tails and flanks.

Aggressive behav1or also involved v1olent vibrations of the
body and erectlon of the dorsal fln, none of whlch occurred

in McManus Creek during the period studled. The dorsal fin
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-of the érctic grayling is larger than
Eﬁropean gpecies, and the musculatufé.
' ménts of the dqrsal raYs,ias réVealed
" poorly developed. This, coupled Qith

- turbulent current, wQuld'make the use

a disﬁlay.organgdisadvantageous. Due

63

the_oneévongthev
controlling. the move-
by 'di"'*SSé ction ," ~appears
the creek's fast and
ofcthe_dorsalgfinﬁas ‘

to its size, it would

offer, when extended, a considerabletsufface areasfor:ﬁhe

current to act upon. Hence, gaihs!obtained by using such an

-.organ for displays would probably be offset by the energy

utilized in fighting the current. Pefhapsrthe_fish in the

slower Alaskan streams and lakes may:employ the dorsal fin

to é'larger/extent.. The lack of utilization of such an

obvious organ as the large fin of * the

.arctié grayling pre-

sents a puzzle. Its size and coloration would'lead:one‘to

speculate that it would have great adaptive value in the life

of the grayling, and yet none was found. It is unfortunate

that the spawning behavior of the fish was not observed;'

be found there.

because'possibly the .answer to the fin's significance might

When the fish established their,distribution'in the

pools, it was found that the distribution was attained through

a series of aggressive displays, in which one fish became. the

dominant and occupied the forward position in the pool. 1In

eachyset of displays.a set of dominant-subordinate relation-

RS
e e 3

ships were formed. The subordinate fishlexpreSSed'his

‘submission by backing off slowly 5 to

10 c¢m, and then fleeing
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with the current and re-establishing a feeding or territorial
center 25 to 50 em downStream. , |

The establishment of sets of dominantésubordinate

relatioﬁships'automatically resulted in the establishment of

a hie;érchy, This hierarchy was not a true straight line

hierarchy, sirnce many of the smaller fish were allowed betwéen‘

Aand;éround more .dominant fish (Fig. l9).A It resembled more

closely a pseudo-straight line hie;archy where the positions

of one or more individuals were undetermined. The undeter-

mined individuals'consisted'primarily of the smallest odcupants

of the pools which were often allowed in positions close to
meﬁbers severai times larger"thahMihémSéiveé}”.A hypétheticai
hierarchial ordering of the fishes of a pool is shown in
Figure 19. |

Fishes setting upiterritories in7a\stream,afe-faced with
envifonmental factors much different from pond-living fishes

or fishes held in tanks. The primary différencé is the

- presernce of a strong current. Most lotic organisms, and fishes

are no exception, exhibit rheotaxis (Fraenkel and Gunn, 1961). !

That is, the fish turn so as to face the current and spend

most -of their time and considerable energy Swimming»just~ :

strongly enough to keep their location in the stream. Rheotaxis

was_brilliantly demonstrated by LYons'-experiments in 1904

" which are summarized in Fraenkel and Gunn (1961). His fish,

whenéveffplacéd‘in.standing Water, displayed milling behavior,

while in running water or simulated running water they always

- SRy
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Andividuals of these groups were
" tolerated by fish 2 and 3 as long
cs"ihey were not situated in a

direct line between the two fish"

Distribution of smaller ones

often breaks down

Figure 19. Hypothetical hierarchial ordering

of fish.
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oriented themselVes'against_the_current. eGrayling.dlsplayedc
this also. Specimens removed from the Chena River in
October 1968 and placed in standlng tanks orlented themselves

at random, and when disturbed exhlblted milling reactions.

~The same-flshes movead -to a le;ng Stream tank 1mmed1ately

orieﬁted_themselves facing the current and remained in this
position for the month that they were held Increa81ng or
slow1ng the current d1d not affect thelr orlentatlon. In the

field, ‘such observations were complemented when the- grayllng

in the reservoir at Homestake and Charity Creeks broke up.
their pool ordering as soon as the water in the reservoir

-began rising and the current allhbut disappeared.l It is

interesting to note that schools formed in standing pools,
such as the one below the diversion dam, show a similar
within~school distribution as the distribution of the fish

in the pool, the primary difference being that the distance

between the fishes was much reduced. That is, the largest

fish are fcund'in.the front and center of the schools,~aﬁd"

the smaller ones occupy the outside.and rear.

Due to the grayling's rheotactic orientation ahd their

.feeding hebits (see section on feeding behavior), the gray-

ling's terrltorles differ in shape from other terrltorles

.descrlbed for fishes 1nhab1t1ng lentic waters. In the grayling's

territories. the center was located at the downstream portion of

the guarded area. All of the defense movements take plece
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upstream-of'tb the side Of.this position. Ifﬁénéilqéks_at.
_the distribution of the fish and the shape of their
terriﬁories within.a hypbthetical pool,. the result would be
sets of semi-lunar territories, one behind'thevother; broken
- down into smaller but ﬁore nﬁmeroﬁs such,territories as;one |
moves dothtream (Fig. 20). I Suspect that if more stream
inhabiting fishes were closely obsgrved,ih their natural
habitats, similar within-pool dist;ibution and péséiﬁle
~hierarchies woﬁld be found. _ ' |

Greenberg (1947), Gerking (1953) and Newman (1956)
describe the hierarchies displayed by the fish that-they
étudied as a nip-right ordering. The dominant.fish'in
nip-right hierarchies asserted their dominance. by nipbing
thevflanks of subordinates. The more dominant individual
was nbted, by Greenberg (1947) and Braddock (1945), to be
nipping more frequently §han the others. Within the frame-
~ work of theirvfisheS'hierarchies there waé a steady.downward'
- progression in the amount of nipping'done by-fishés‘occquing
 the_seVerél fénks. In grayling the nip—right type of_hier%
afchy waé not pfesent;'since physicai contact‘betweén dispiay~
ing individuals was never made. Contrary‘to what Greenberg
and Braddock observed in their stﬁdies,.with the grayling
there was an'ﬁpward progressioh in the number of displays
occurrihg by the fishes oééupying«the several’ranks; Thué,

‘thevmore’dominant fishes very.selddﬁ_displéyed. Seemingly,
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the size of the dominant individuals wasseﬁeugh;to inhibit

- -any challenge motivation from subordinate members of the

pooi.'n

The displays observed during the formation of the

mdistfibution appeared to indicate that dominance was achieved o

<

primarily.by'the’more aggressive and biologically better fit

member of the. pair, vhlch usually was. the larﬁer member.
This explains the secondary p081tibn occupied by the tagged
fishes, even though they were the largest fishes in the

pools. Hoar (1953) found tagged coho smolts (Cncorhynchus

-kisutch) also occupying subordinate ranks and in poor cond1~h

tion. - He attributed this to their being kept from feeding
by the healthier 1nd1v1duals.

 The breaking down of the hierarchy of the grayling in
the falllappearsvsimilar to situations deecribed by Hear
(1953). He found that coho smolts were cﬁaracterized by

aggressive behavior during the seasons when they occupied

-particular locations. The smolts lost their aggressiveness
' during periods nearing migration time. The grayling lost

their aggressiveness, and thus disrupted the hierarchies. in

the pools in September. This was a period when considerable

-movement was taking place, as shown by the complete changes

in composition in the pools.



FOOD HABITS

'METHODS OF STUDY

Grayling were collected weekly in the upper and middle

sections of the stream from.July.l to September 16, 1968,

.for,déterminaﬁion of food habits. During each collection

period, the relative abundance of food organisms=preéent in
" the stréaﬁ was determined by collecting the benthié organ—
:isms.present in three square feet of riffles by means-of a
= standard'square foot Surber net. No attempts were made to

~determine the abundance of terrestrial or pool-inhabiting

benthic organisms. -

The organisms collected were preserved in 70% ethyl

-alcohol and later identified, counted, and -sorted into the

various taxQnomic groups (Table 1, Appendix II). Their

abundance for each half of the month was determined (Figs;

21 and 22).

A total of 68 stomachs was collected, none of which

was totally empty. The fish were taken by hook and line,

"and it appeared that no regurgitation of food took'p1ace.

While the fish were fresh, their stomachs.were removed ahd
placed in vials containing 70% ethyl alcohol.

In the 1aboratorj each stomach was treated as é’unit.
The contenté were removed and the total volume determined,

Then the contents were sorted under a dissecting microscope

into various taxonomic groups. The numbers present from each
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group'and the volumes were determined._,Volume§‘wefe?deter—

mined by water displacement using a calibrated,centrifuge_ 

 tube. Forvsmall_items the 0.2 ml mafks‘were’used”ahd'éstima—

tions were made.. For food items too small to be measured,

-only their presence was"recorded,

<

The. fréquehdy of occurrence, volumetric method, and

numerical method of analyzing stomach contents were. all

‘employed because it wés-feit.that‘Bne’method-alone would not

give a true estimate of the importance of the food items.

" Consideration of only the numbers of the various food items

will not give a good picture of the importance because of

the largéfdifferehces in size of individuals. Volumetric

measurements are biased ‘in favor of larger items becéUéé'they
take longer to digest. Frequencies, on the othef hand, tend
to be biased in favor of smaller items (Windell, 1968).

From the three methods of stomach analysis, an attempt

to determing the relative importance of the aquatic organisms
‘utilized by the fish as food items for the summer was made.

On‘standard graph paper the freéuency of océurrence.waS'plotted

on the Y axils, on the positive X axis the mean peféentIOf_

organisms per stomach was plotted, and on the hegative'X

‘axis the mean percent volume was'plotied by breaking down the

total volume of the recognizable food items so that they

cccupied a segment equivalent in length to the segments of the
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‘other two axis. In this manner,_fbr each food item a’

‘triangular area was enclosed, and the.ratios of the areas:

formed by these triangles were used as relative indices of

importance (Fig;u29).



75

RESULTS

.'_Utlllzatlon of the food in the habitat

Wlth the eyceptlon of the last two weeks of July,
which-correspondedvto the warmest two weeks of the summer,
equatic organisms constituted a higher percentege'béth
nume;ically and volumetrically“bf the diet of the fish ehan

aerial insects (Fig. 23). The aquatic organisms made up a

. greater percentage of the diet in"August and early September,

)

- even. though the number of aquatlc organlsms avallable were

otz
at ehe}r'hlghest in early July, at Wthh time the average

-number of insects per square foot was more than twice as

great .as at any other time during the summer (Table I,
Appendix 2).

Ephemeroptera — Mayfly larvae were the most numerous

orgaﬁisms in the riffles during July and the first half of

"August. Their relative importance declined as the summer

progressed, falling sharply in the first two weeks of Sep-

tember, when they made up only 12% of the organisms present

(Fig. 22).

In the stomachs uhsEE'mayfliesfwere found only as larvae,
appearing-in nearly 30% of the stomachs collected.' Their
peak of occurrence in the stomaehs-Was in early July,’corre—‘

sponding to the peak of abundance in the'etream. At this

. time, in the stomechs;'they made up only 6%-ofithest0tal"”'

number of organisms present,; but, even so, numerically they



Figure 23. Volumetric and numerical distribution of
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food organisms. A = first half, B = second halfi of

each month.
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were second in importance. As the summer progressed,'their

.abundance_in,the stomachs declined, and by oeptember they

- had completely disappeared. Volumetrlcally the—tmpe?%aﬁeeﬂof

‘the recornlzable mayflies in the: stomachs had nearly vanlshed

by the second week of July (Fig. 25).

Plecoptera - Stone fl%es larvae appeared in small num-

bers in the stream in July, when less than one individual
per square foot was found, but fhey 1ncreased slowly, reach~-

ing a max1mum in the las “samples collected in September.

- At that tlme, they made up more than 15% of the total number_

of .organisms present, and had a frequency of 3.4 individuals
per square. foot.

In thelstomachs; they were the third most abundant

~aquatic food item in early July'and'early August, when they

made up nearly 11% of the total organisms present. They

~decreased steadily through late August, disappearing entirely

by September 16th,

Volumetrically they were the most significant food items

ﬂ'found’in~éarly’July, a time when their presence in the stream

‘was at its lowest. In September, when they-were at their

maximum abundance-in the sfreaml they did not oecuf in the
stomaéhs. Suone flies were the only 1nsects found in the

stomachs in 81gn1flcant numbers both as larvae and adults.
Since the adults found in toe'stomachs had the wings fully~

extended and the body oompletely-sclerotized, it appears
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‘pfobable that the insects when taken by,thé fish were

hovering oVér_thé water. Thus they were'inoludedgémong,the-

. aerial insécts.

- Trichoptera - ﬂk@/@éddisfly larvae were absent during

the summer:in the stream's riffles.-‘However;'large numbers

_ofvinﬁividualS'could be seen moving in the pools. . They

began to be found in the fish stomachs-in eafly August,

'reachlng a max1mum in September wh@n numerlcally they were

as 1mportant as the Tendipedidae, whlch were the most
abundant organlsms_(Flgs. 21 and 22). Volumetrically they
became.sighificant durlng the latter;part oflAugust{-and
then declined slowlyvthrough September as did'most‘of the

other organisms.

Dlptera ~ The only aquatlc dlpterans collected in

measurable amounts were members of the famllles Tendlpedldae,

Simuliidae, and Tlpulldae.

- Tendipedidae - Midge flies were the second moSt.abundant
organisms'found in the stream in Julyrand‘early?August,'but
became the most numerous during'lato August'and“soﬁfembér,
Their low poiﬁt in relativé ébﬁndance'occurred,in-late July,
then began climbing steédily (Fig. 25),'roaching their o
maximum abundanoe'at the last sampling date. |

In the stoﬁéchs they were the most numeroué single

Organisms‘found Their ups and downs followed closely the

v ‘,

variation of tne populatlon of the stream, the one exception



: 81'

belng September. At thls tlme, whlle the stream populatlon
1ncreased the abundance in the stomachs decllned Itbshould_

be noted that, although the relative abundance in the stream

'changed, the absolute numbers of organisms remained rather

_constent;gTable I, Appendix.II).

Due to the midges' small size, their volumetric values

were not as high as one would expect from the numbers pfesent.

. 7 , . S _
The high volumetric values for late July and late August are

| not necessarily correlated to the numbers present, but rather
“to the size of the individuals; ’during sorting of the late
July and late August samples it was found .that the individuals

‘were considerably larger.

Tendipedidae were very common in the drift samples
collected between 2000 and 0200 from hugust 1 to the 15th,
at times meking up as much as 93%- of the organlsms collected.
In . each drift sample these organlsms were found encased in

a'jellY—like substance and entwined in fllamentQuSCalgae.

No organisms were found -in the drift samples collected on

September 2 and 16 (Table III).

Simuliidae ~ The black flies appeared in 1erge numbers in
the stream in mid-July, at which time they were’feund‘atteched ~
by the thouSanas to-the rocks  of the riffles,‘eppeeringvas a
black carpet. After emergence of adults in August,:thev'
numbers in the stream decreased~markedly.

In the stomachs these organisms' abundance followed.
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cldsely the changes.in population. Whenvthe Simuliids reached'
thelr peak 1n ‘the stream in mldeuly, they also became thée
most 1mportant aquatlc food items volumetrlcally
B Tlpulldae ~ The crane flies were not as common as the-
other previously mentioned organisms either in the stream or .
in the stomachs, occurring in only 2.9% of the latter (Fig._26).
-Tﬁey,were found singly, contributing little to the'belk'or
to.thespercehsage_of total numbers in the'stomach;‘consequently.
- they are interpreted_as being:incidental food items; Their
scarcity in the samples mey be dﬁe to their habits of living
underneath rocks and in crevices.

Hemlptera - The order Hemiptera was fepresented only by
members of the. famlly Co”1x1dae. These water boatmenAwere'A
_never found or seen in the stream, but did occur in 14.7% of
the stomachs, and contributed considerably to the bulk in -

late August ‘and September, a time when the absolute number

of organisms in the stream was decreasing. Volumeﬂtrieally;
at,this late time, the Hemiptera beceme the szt'important
bfoodiitem.

‘Acarina - Water'mites (Hydracarina) were never-eolleeted
in the stream;_however they were numerous in neariy half of .
the.stomachs}. The species collectedgwere anatomically.
adapted.for swimming, having long_oarelike appendages.-‘At

-fieast»fouf'free living specles were represented, but_none

showed'signs-offbeing-digested;
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Figure 26. Frequency of occurrence of aquatic organisms

in the stomachs.
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Annellida - Segmented worms were moderately abundant in

the stteam,'reaching a maximum.abundanceeof_l@%.of total -

- organisms in the stream in early August,.and‘thenvdiminiShing

slowly. They were found in interstices between and under
rocks, ‘which mlght explaln their absence from the fish

stoméchs, They occurred in only L.4% of the stomachs, and

>always singly.

-Nematomorpha - 27.9% of the'stcmachs contained large

_numbers of.long, thih,.broWnish wOrms,»aAsample‘of which

were identified as Nematomorpha of the gends Gordius -or

Paragordius.

The highest incidence of occurrence took‘place in earlY'

July, when they were found in 87.5% of the stomachs. By late

July the incidence dropped to 75.0%, by mid-August down to

12.5%, and by September down to 9.0%. During July not only

~waS'the frequency of occurrence high, but the number in

- which the worms»OCCurred and the bulk which they occupied

made them the most important single item in the stomach.

Aerial organisms

As'previodsly mentioned the terrestrial insects:made'
up an 1mportant part of the grayllng s dlet in the early
part of the summer.

During rainy periods, flying insects were conspicuously

‘absent from the‘stomachs, and by September were neerly'non—

existent.



Figure 27. Frequency of occurrence of aerial organisms

in. the stomachs.
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_The mein orders repreeented in the stomachs were ﬁhe
Hemiptera, Coleoptefa, Plecoptera,'Diptera, and Hymeneptera.‘

Hemlptera occurred in 17. 6% of the stomachs (F:g 27),~
and were represented prlmarlly by leaf hoppers, famlly
Cicadellidae, which presumably dropped in the water from
the Banks;'_These organisms were also present invsome.of
the drift samples. | |

Coleopterans were found in 26.5% of the stomachs.
These oecurrences were primarily from fish collected in
July, with a few individual remains scattered through
August,

Dipéere and Hymenoptera Were the most frequently
occurring,terrestfiaivorders, the former being found in
58;8% and the latter in 48~5%:ef ﬁhe stoﬁachs. Diptera
were .represented ﬁainly by the familieS'Culicidae!'
Tendipedidae, Tipulidae;'and Simuliidae. No attempts~were‘
made at quantitatively breaking down the aerial dipterens
into'families. | | |

The Hymeﬁoptera were represented primarily by the
Vespidae, Ichneumonidae, Apiidae, and Formicidae. Members
of at least three_species of antS»Were‘significent;'espef

cially in July and early August wheh.they-were ewarming. ‘
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DISCUSSION

The stream grayling is primarily a surface and .mid-depth

- feeder. Thus, an understanding of benthic drift is pertinent

in discussing their food habits.

Notjﬂntil récentlyfhas the importance of drifting bénthic

< .

organisms been realized in measuring the productivity of

streams.  Muller (1954) found that drifting organisms médev

up a significant portion of the df%t of trout;'_Watefs;(l961)

noted that the total daily drift over an area was mahy}times'

larger than the standing crop on that area. This could

~indicate that a fish can be somewhat independent of the

productivity of the area occupied, énd could rely instead on
upstream produétion;- | |

The occurrences of benthic drifts inistreams havé been
described by Muller (1963) as being primarily due to behav—
ioral changes in activity on the part of the-organismé involved.

Typically the drifts occur at low magnitude during the day,

with high peaks at night (Muller, 1963, Waters, 1962). However,

“recent studies have shown that a cbnsiderable variation in

times of drift can occur even between related species located
in different areas. Waters (1962) found Simulium drifting

at a constant rate through the day in the-midwést,-PearSOn7-

and Franklin (1968) found that Simulium exhibited two daily

high peaks of drifting, at 1600:and 0200, in the western

United States., The drift samples c6llected on McManus Creék
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. .Were téo few-to allow the determingtion Qg_driftingxtimes,
but they did show that total drift decreased markedly as

_fall'apprbaohed, nearing zero by September (Tab1é III);

The relative importancesof'the:aquatic organisms_found-
in the grayling stomachs (Fig. 28) follow closely the abun-

dance of organisms in the:driftAsamples, more so than the

abundance on the stream bottom. It is interesting to note
_ thé»large difference between the é%undance of}organisms
‘found on the stream bottom, and in the driftvsamples (Table III,

- Fig. 22). For example, mayfly larvae and midges were very

close in stream bottom abundance during August. . However,
in the drift samples midges were more than 10 times as
abundant aé mayflies; a ratio which is-alSO'displayed~in'
the relative importancelof organiémS'(Fig. 28).

| In_attempting to find a way of measuring the relative .

importance of the food items, no single satisfactory method

- could be found,ﬁsince-each and evefy one appeared to be biased

towafd certain organisms. By plotting the frequency of
OCCurrence,Anumerical abundance, and” volumetric abundance in
the manner previously described (Fig. 29), I felt.that the

bias introduced by one method would offset the bias introduced

by the'othef. Thus the bias introduced by the volumetric

méasurements favorihg the larger organisms would be offset by

the axis on numerical importance which favors smaller organ-

isms. The results obtained should give a more realistic
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TABLE III. 'RESULTS FROM ANALYSIS OF DRIFT SAMPLES

DATE "TIME ANN. EPH. PLEC. HEMIP. TRICH. TEND.. HYDRO. TIPU. Q.COGNAI.
(1968) . - L ' % : : S
g3 1200 | - R

2400 -- 1 5 b -— 220 4 @ == e

8-6 1800 -- 3 3 —_ 1 65 - 1 2
2200 — 13 L - = 133 — 2 =

8-1L 1500 —= =—= —- - ~ 1 - -
1800 -—— 1 - — —— 1 1 — T -
2300 —= - 2 - R = I — -

8-21 1400 — =-- 1 - S T — —

9-2 0800 —-= —= —- — _— - i -
1200 —= — 1 —_— — 3 - _— -
1600 ~= —= - - — - -— - — e

- 9-16 1000 == == - _— - _— - — -
1200 = =  —- — — = e e e
1600 —= -—= - — _— — - _— e
1800, == == - - - — e e -
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1

"picture of the role of the various food items., The reoults
sobtalned by this method agree closely w1th the results

" obtained from the drift samples,'and the latter I-feel_are

good indices of the food available to the grayling.
_The Tendipedidae. and Simuliidae.were the most important
aquatic food items utilized. Tendlpedldae were also -the

most common items in the drlft samples, and for the last

~half of the summer were the most_ﬂumerous_benthlc Organlsms

in the stream. Their frequency of occurrencepinvtheddrift

~can best‘be accounted for by their habits. Tendipedids

occurred prlmarlly in close association with algae and

organic debris and when these drifted the midges were carried.

along. Anderson and Lehmkuhl (1968) found a similar sltuatlon
in a woodland stream. Because of the midgesl’habits of llving

1n the stream's organln litter rather than attached to rocks

like the simuliids, five times as many mldges than 31mu111ds

were. present in the drift samples. The consplcuouScabsence
of simuliids in the drift samples from McManussCreek'is
perplexing, especially so.since'they»were:occurring both;in
the stomachs and in the Surber samples in limited amounts.
Perhaps. the simuliids dlsplayed periodic drifts which d1d not
correspond to any of the times sampled, It should also be

noted that the first drift samplesswere collected at the time

_of the simuliid population low.

Nayflles and stoneflles were. restricted to secondary -

positions of 1mportance as food items. The;hphemeroptera
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for'mOSt of the summer were the most numerous . organisms in

.'the stream, but oceurred in low numbers both in ‘the drlft

samples and in the stomachs. This I do not belleve to~be |

an indication of selectivity by the fish, but rather to be

¢

due to the-drifting habits of the organisms. Some mayflies

drift“readily,‘but others do not. AﬁdErsen and Lehmkuhl (1968)

found that of 8 spe01es of Ephemeroptera present in thelr

study area only two contrlbuted to the drlft. The~otherS*

premainedrfirmly attached to the substratereven_during high

water periods.

-‘The stoneflies turned out to be more -important to the

fishes than the ?ayflies. _Even though’theflatter were much

: ! .
more(égiﬁ%fggsbln ‘the stream, in the drift samples they
occurred In equal numbers. Such data lead one to speculate

that, to the stream inhabiting grayling, the benthlc organ-

isms present in the drlft are the only 1mportant ones as

~aquatic sources of food.

-The low occurrence of segmented worms in the.stomachs

' can be attributed to their habits. The worms were - always

found in interstices between rocks and never in the drift.
The Trichoptera larvae were never numérous in the

riffles but'were common in the peols. As food items they

-did not become 1mportant until September, a tlme when the

occurrence of the summer aquatlc foed in the stream decllned

sharply. The manner which the caddlsflles were fed upon was
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not observed;' However, the lack of drlftlng ;auna and the

-'observed slugglshness of the flsh at thls tlme of the year

allow for some speculatlon. The flsh in the fall spent much
of their time close to the bottom. It is conceivable that .
at tnat tlme, due to the unavailability of summer food, - they

switched to feeding on the slow moving organisms inhabiting

" the substrate of pools, in this case the caddisfly larvae.

¥

I think that the caddisfly cases. are also responsible for

the increase in occurrence of sticks and stones in the

stomachs collected in late August and September, as illus-

“trated in Figures 23 and 24.

The halrworms (Nematomorpha) present a problem becausa
their role in the stomach is not known. No mention of their
oecurrence in grayling stomachs wasnfOund'in the literature.
They may have been fdod items, but they-were never seen or
collected in the ‘stream. 'Pennak (1953) and Morgan.(1930)‘

describe them as free 11v1ng, but spendlng part’ of their

life cycle as parasites in other organlsms, prlmarlly 1nsects.

No mentlon of halrworms being parasitic on fish was Pound.

It appears llkely that the nematomorphs entered the flsh v1a

some of the insects eaten which had been para31t1zed Slnce
some of the ‘hairworms showed signs of hav1ng been partly
digested they were included as food items.

The_water mites:(Hydracarina) are known to occupy the

quiet pools, where they crawl about theISubstrate‘and brush



(Pennak, 1953; Morgan, 1930; and nger,and_Whartbn, 1952).

»_Théy.are-not.known to swim{in rapid current. Apparently

those.mites eaten by the fish had been swept out of the

pools by the current. Although these organisms had a high
frequency of occurrence in the stomachs, volumetrically

‘ . y - - " . - - - »
they were insignificant because of their minute size.
y ] !

‘The importance of the. aerial insects should not be.

pverlooked, as they accounted for?at,leaét 1,O% of,the_total
organisms eaten and in the early part of the summer

~accounted for as much as 65% of the total. Volumetrically

their importance was gone by August. By September aerial

insects were scarce in the environment. Those seen were

mostly adult forms of aquatic Diptera.v

From the data collected, one can conclude that during
the summer the arctic grayling is totally_dependént on

drifting organisms and flying insects. As fall approaches

_the fish become more dependent on the benthic drift. Due

to the low benthic productivity of sﬁb-arctic Streams, the
fish do not show selectivity in choosing théirffood.’ This
fdilows Ivlev's (1961) findings thét,'as the availability
of food decreases iﬁ.thé-environment, the selectivity ofi

the fish decreases accordingly.



. FEEDING BEHAVIOR.

In the section on territdriality and social hierarchies
feeding movements were discussed in relation to the area
occupied by the fishy the feeding range. In this section

the fovements concerned with the actual taking of food will

- be discussed.

¥

METHOD OF STUDY
~ Observations of feeding behavior vere gathered by means

of films, sketches, and with the aid of a glass bottom

 bucket. Movements about the home center were sketched over

ten minute periods on papers marked off in foot intervals.

In order to determine if learning took pldce, various items

were dropped in the pools and attempts to ingest the items

were observed. These items included crushed mosquitoes,

" hookless flies attached to 4 1b test nylon line, aﬁdvspruce

needles. In order to deﬁermine the feedihg.pefiods of the -

ish two methods'were employed. One consisted of testing

~ the catchability of fish at different times of the day. The

other consisted of counting the number of rises seen in a
pool over a set time.

The pool directly below the diversion dam, which

"Schallock (1965) estimated as containing over 2000 fish,

was used for the catchabiiity study. From June 2k until

- 96
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September 10, every Sunday, when possible, the pool was
fished for five minutes every hour with a brown hackle
dry fly to test fof surface'feeding, and for.fiVe.minutes
with a No.,i weighted Mepps Spinnér to test_fof,nnderwater

feeding.: The number of fish captured and thoée seen attempting

~ - to<take the luresvwere noted.

It became apparent by mid-July that grayling were capable
" of recognizing unpalatable_food,items if presented often 
enough. This was feared to be introducing some bias in the

catchability study. -This'wouldAbe_especially true toward the

- end of the day, resulting from the fish recognizing the lures

‘and avoiding ‘them, even if still feeding. - Another index was
sought which would not disturb .the fish. The method used was
to count the number of rises occurring over a five minute
period in a poél having a relatively stable population. For
this, pool CC’wasfused._

In discussing ﬁhé feeding.behavior I have arbitrarily

divided ﬁhe fish into three main categories; 'Group A

7 conSistéd of fish over 23 cm in length, Group B consisted of

- fish between lSland 23 cm in length, Group C consisted of

fish under 15 cm in lehgth. . The reason fdr'dividing,the fish

" into these groups was that there appeared to be different

behaviorai feeding_patterns among fish of different size. It

.would'not have been feasible,to.catch and measure each fish

in the pools without risking the possibility bf chénging the
fish's future behavior, so the lengths were estimated from

above the surface of the water.
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'~ Group A

 RESULTS

These large fish occupiéd the deépest poftions of-thé

pools, staying»close»to ¢he'bottom. ,Observations‘with the

~glass bottom bucket indicatéd that theseffish;-even‘though

¢ ‘. v ‘ -
appearing motionless from the surface of the water, were in

reality constantly_moving_from side to side-as if'buffeted'

by the current. AEtUélly, héweVef, ﬁﬁch-of this movement

' was- caused by the fish.turning to face drifting particles

of debris.

Through observations, it*wésrfOund that most of the
movement of the fish involved the taking andwinvestigating

of food items, the only exceptions to this being.the“m0ve-' 

- ments connected with territorial establishment and defense.

Three diagrams were made of group A's movements over
ten-minute periods. Counts of the number of dashes made by
the grayling_showed that 21.9% of all recorded movements

were'forward movements. Of these, 57.1% were under 30 cm

. fronm the territorial center, and only 19.0% extended for

_ over 60 cm. Of the backward movements, which accounted -

for 78.1% df'allAnoted, 64;2%7were;less than}BO:cm:in
extent, and only:5¢7% extended for more than»60 cm

(Table II). All of these represent feéding movements.

Defensive movements were purposely omitted.
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The movements mentioned were primarily dashes made
fromvthe.home center to-invest*gate possible‘food items

drifting downstream. Each outward dash was fo1lowed by a

_return to the feedlng center by a dlfferent route.
.Occas1onally several items ‘were 1nvest1gatea before a

return to the heme center was-made.

.These 1arger fish occupled p051t10ns at the head of the

pools, and seldom 11vest1gated food Jtems ahead of them, but:

instead turned to face the oncoming obJect;head_on._-If the
object was atvmid—depth, a short dash was made as the item

‘paesed by, and the itemVengulfed{

~For food items that were approaching close to.or float-
ing on the surface of the water,_the fishes turned'upwardlso
as to keep a constant angle with therfood; In so doing he
rose slowly ahd driftedAsli§hﬁ1y,bé¢kwarde. The'fieh kept
on rising until the food Was<directiy overhead. . With a
quick lungerend swirling motion the food was taken into one
corner of,the mouth As the swirl cohtgnued*the fish"dove
while alao moving downstream, makvng a lateral loop before
reuurnlnd to his home’center (Fig. 30). When large nﬁmbers

of obgecfs were. flOatlnv down,* ‘the flsh often stayed 1n the ;

,mld deptns, and actually moved forward to- 1ntercept and

1nvest1gate the oartlcleq.'
A cnaracferlstlc of the larger fish was. the dellberate—

ness of their movements 1n'tak1ng food. They rose slowly,

“UNIV. OF ALASKA LIBRARY!
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(e) (f)Dorsal view

(g)Dorsal view

Figure 30. Feeding movements by ﬁroup A
- Bee text for detgiled explanation.
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took thelr food slowly, barely breaklng the surface or

exposing very little of Lhe;r.baok -and 51nk1ng down sllghtly

- faster than they rose. At no time, over a two summer‘perlod,

did‘I'see'an'adult grayling cleafing the.water“while aotempting‘-

“to take an insect.

Crushed mosoultoes, hookless art1f1c1al flles, and
spruce needles were dropped in the.pools. -The grayllng
refused to risevor'make ihﬁestigetionai movements when the
spruce needles were dropped, However, they rose and‘took the
dry flieslwhich they mOuthed and-dropped severaiftimes_before
allowing them to drift backwards to Wherehoﬁher*fiSh took
them. Usually these'larger‘fish rose to no;more”thah two
casts. After a twoAhouf interVéi the fish rose;only to the
firet'cast. When mosquitces were dropped the fish rose

readily to them. However, many drifted past the flrst flsh

and were taken by others.

Group B

Observations with the glass bottom bucket indicated that
the fish of Group B were in continuous motion, much: more - 50

than Group A. Five diagrams of the activity of Group .B over:

a ten minute period indicate that there was a'58 17 increase

in. activjty ovefeGrouphA' Also, while the ratlo of forward
to backward .dashes among the larger flSh was approx1mately
L:6, those of Group B changed to 1:2 ratio, indicating a

noticeable increase in forward movements (Table II).
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When dropping artificial flies in pool AA; the following

fresults_were.exPerienced: #1 took:the first fqurAflies,

#2 took»8,'whi1e.#3 took the remaining 3. It should be noted
bere that the first fOuf were'taken by #1, edd tﬁpﬁ he |
refused to take the remalnlng 11 ’although on the 7th, 8th,
and 9th he d1d rise close to the fly and then- sank back.
The 12th, lhth and 15th were taken by #3.

With the spruce needles, #l Came up and took the flrst

?our, #2 took the 5th, 6th, 7th," 8th, 9th llth, and 12th;

-and #3 took phe.lOth, lBth, 14th and lBth.-_In&each;casegthe

spruce needle was.teken under,,mouthed,-releaSed;%mouthedj
again, reledsed, and often mouthed'severél'times.- After the
last mouthlng, the needle was allowed to float downstream
where 1t was - plcked up by other fish. Apparently spruce

needles were not edible. A week later the same experiment

was attempted with the spruce'needles but all of the fish

refused ﬁo.teuch them.

The manner in which the food was taken by-this group

also varied from group A. Although the rise and backward

drift was common among this size group, it was executed much
more quickly.

In p00¢s such as CC, where the #3 p051tlon appeared to

-‘be often in dispute, the food was. often taken by qulck

forward dashes. When the food was ‘taken in this manner, the

fish would move upward and forward quickly, take the‘fooddin'-

on cne side . of the mouth, -and in so doing expose nearly half
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of the;body»above the surface. While still moving forward,

~ the fish would dive to the bottom and then return to the

'feedlng center.

Junplng clear of the water, as the food passed overhead,
was common in fast Current and-where COnsiderablevcompetition
existed among parr. In these cases the flsh would rlse
rapidly, at approx1mat°ly a llO angle to the- bottom, grasp

the item and clear the water, bending the body in m1d~a1r

with the head usually fa01ng downstream, and diving qulckly

for the. bottom (Fig. 31). ThlS type of behav1or Was
especially common on very bright days.

A third type of feeding displayed by this group-was. one

~in which the parr would.clear the water, strike the food

item, causing it to sink, and then pick it up on the way to
the bottom. This type was found to occur both ahead of and
behind the fish's station in the pool. This behavior was

common 1in the evenings,'but occasionally . it‘waswalso-noted

- .at other times of the day, and no. conclu51ve reason for dts

occurrence- was determlned | Uh11e this type of behav10r was
in progress in a pool, all of the parr feeding at”the'time
were emploﬁing't e same method | |
Parr feeding at night were found to exh bit the
deliberate rising exhibited by-adults;. They did not emerge
from the water, but ba“ely dimpled the surface’ as they

ingested the focd item.
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Group C

jThese smallest fish were Qbserved_primarily>at pools AA
and €C. -Althougﬁ they were dietributed pfimariiyfat-the
'pbsterdor end of the pools,_1nd1v1duals were . occaulonally
fouhd in other port;ons,as well.e This - group appeared: much
morejacti#e’thah_the other two, but no diagrams for-them
Were formulated. The backwa“d and forward dashes appeared

equal in 1nten°1ty, as the flSh chased everythlng that moved

.w1thithe.current orwagalnst it.

Territoriality among these fish:did.not..appear to.be. .

~as marked asvamong larger fish. This was¢espeeially true-

 in pools where fish of all sizes were present. In these

pools the young fish were found only a few inches apart and.

competing for fdod items which escaped the larger fish. As

‘an item drifted downstream two or three fish would dash

forward toward it, and the first one to reach the‘item.would

.mouth it. If palatable it was ingested. - If nOt'itﬁwastre-i.

chewed several times and spat out. EventuallygittwaSﬁallowed

© to float backWard to where the other fish repeated the same’

feeding‘m0vements;'
'TheSe;young,fiSh'consisteﬁtly:bfoke-the;surfaeejwhile
feeding, often leaping clear of -the water. lThey were the

only fish which were regularly seen chasing flying insécts

‘which were up to six inches above the surface, leaping and

taking them in mid-air. In one incident, a four-inch fish
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was seen to chase a flying cranefly for eight feet,

jumping out of the water four times in the process and

capturing the insect on thevlast leap.. -

Dnring.the'chasing of food items:close ﬁo the‘Surface,
the small grayllng often 1nfr1nged on the terrltory of larger
fish. In this type of relatlonshlp, terrltorlallty appeared
to . break down for a few seconds or for the duration of the .

chase. The 1ntruders were not cha'sed out of the terrltorles_ :

'and'returned by themselves to their respectlve*areas.'

. Yonng of the year, during the time thatgthey'SPentfin

the very shallow pools!_were not seen feeding. Brown (1938)

- and - Sommani (1953) mentioned that the fingeflingsyin.hatcheries
were feeding on plankton, and perhaps this is the cdse in the

‘stream also.

Feedlng 1ntens1t1es

In late June the water was high, turbulent. and sllghtly

.murky. " No fish could be taken. with the dry fly. eHoweverf_the

"spinnerlfished-deep and sloW”duringﬂthevday*consisbenﬁly

caught flsh For the first two weeks of” July, flSh could be

- taken at a constant rate at. all hours of" the day w1th the

welghted splnner, With the dry fly,_flsh_were taken_only
between 1000 and 1800, reaching a maximum at 1600 (Table,l

-Appendlx I11).

For the last half of July the number of fish taken by

bothdmethodS'remalned constant from 0600 to 2200.
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Through August the fishingAsuccess steadily décliﬁed._
ByAdry fly, fish were_takeﬁ only between,lzoo_and,lQOQ.

With the_spinnef, fish were caﬁghugonly~betWEenfloOOwandj18oo,
énd at this -time the spinner's éffectiveneés‘wasamuchgpoorerv
thén‘with-dry~flies. . _

fIn September the catchabiliﬁyvofﬁthé‘fish droppediﬁd
the interval between 1100 and 1400 on both the dry-fliQSggnd
the spinner. | R v | | i w

By counting the number of rises per five minutg'period
ingpooleC, the fdllowing.results~weregobbained,;fThegl@west
sﬁrface feeding-intensity inuJu1y was noted~ﬁhrough§éarlj
morning ﬁp‘to midéday, increésing:lewlyraé~éveningﬂappfdédhéd,
the maximum occurring between 2200 and 0200.  Once the”sun
rose'oﬁer the horizon the fish stopped feeding almost_compiete—
ly. During the méximum inteﬂsity bf rises, tﬁe intensity per
five minute period was approximately twice_thé,intensity véiue
‘for mid-day (Table I, Appendix II1).

In August the maximum number of rises.appeéredyagain
:between 22QO.and OZOO."Theidifference~fromltheeprevibusanhth
'lay.primarily in that the rise intensity between nodn'and
7=midnight_incréaséd}seveﬁ*fold,;andftheémidnightgmaximum«waslb.
three timés the July maximﬁm~(Table.II,‘Appandix III).‘
| Data obtained on»September lé-indicatedvthat the feeding
periods had changed from the previous months,' From 0630 to
1030 no rises ogccurred. From llOOiﬁo 1500, surface feeding

became noticeable but not to the extent seen in the previous
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1menths. By 1500 all activity had ceased except for occasional

rises. After 1800 it became too dark for observatlon.
During the early evenlnv of. September 16, between 1630

and. 1800, a mild emergence of mayfllesewas 1nvpregress_over:e

_ thevp001;_but:this event,failedbto.increase the intensity of

rises.
Observatlons were made on July 3 and Augusu 2y whlch

were ralny,days. Vlslblllty was poor dae to. murklness, but

~the fish could still be discerned lying close to tbe_bottom.

They dld not appear to be Feedlng. rAttempts-at coun ;ﬁg

rises falled because 1f any rises were. taklng hlace they could
not-beuseparatedAfrom.d;mples.eaused_byhbhe_raln.‘xFlsh;ng
on rainy days proved~to.be an arduous. task, as flieSyhédvtO

be passed over a fish repeatedly in order to persuade it to

strike.
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DISCUSSION

The datafgathered- sketchés, films;eandfobservations,

-all point to the grayling as-being: prlmarlly a mldmdepth

and surface feeder. No evidence of active searchlng on the

" bottom was obtalned, -and the data from 68 stomach contents

supoort thls.
The grayling is also a visual fsedsr. As an'item is

sighted, by moving from side to si¥de the fish is able to

“bring the item into the narrow cone aheadnof[hisqsnout

where binocular vision.is possible (Curtis, 1949). Once.

both eyes are fixed on the object, better estimation of

distance is possible, and the whole animal moves-sothat

the food item remains within the small cone at a constant

-angle to the body.

The larger fish, being more deliberate in thslr move~
ment, are more efficlent in taking. food 1tems from the'

surface of the water. Since there is mo. competition from

fish,aheadiqf'him, the larger fiShuéan-sightwan,objsgt,ﬁand

‘have enough time to intercept it at the food's shortest

distance from the feeding center.
The higher intensity*of:movemsnt-sheWedwbymthewsmaller

fish appears to be due to the more Jntense competltlon

‘with which they are faced. This also exolalns the dlfference

in the ratlo of forward to bac?ward dashes shown by Group A
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.as compared to Group B. 'The former have no competltlon
_~ahead or to the 51de of them, so they can wait until the-
“food is very close before rlslng in the water column.» The

‘smaller fish.on the other hand, inhabit areas where compe-

t;t%onaforaeaehvfoodaltemvlsﬁsteep, _The:only»food items

.reaching the posterior;offthe.pools.afe‘those,which pass

by the. larger fish. This results in the parr actuallyi

'ch351ng food 1tems as .soon as they are. swghted.

The=dlspamlty 1n.ava11ab;l;tyeof food between the

" upstream and downstream portions of :the pool raises some °

questlons as to the valldlty of draw1ng conclu81ons on

learning from the experlments where the different ltemc
(hookless flies, mosquitoes, and spruce:needles) were
dnbp?edxln the pools. It is true that the smaller fish
appeared;slower at recognizing inedible food. But is it
thatuthey:arekslower\in recogﬁiZing the_item,ﬂor'is it“that
the5competitionvand;scarcity of food force them to snap

at anything that is drifting by? I suspect the. latter to be

~ the case.

Thefabahdon»withvwhich the parr-attack the food items
maygalso}be»dﬁeptO’increaSedicompetition;' InxpOOl,AA,]fof

example, the'lafgest fish,were~approximatelv 185 mm=long,

iland these behaved llke the fish of Group A in pool CC,

hlch contalneo flShGS of all sizes. Thus it would appear'

that the positions occupied in the pool, rather than the
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~size of the fish;_determines the type of féeding,behaviors

E exhlblted

“As shown in Tables I and IT (Appendlx III) the- feedlng'

periods change as the summer progresses. Durlng the end of

;Jgne;gwhenathegwatervwas»highjandémurky;«f;sh‘couldfbeﬂa

takenidﬁring.most'of;the:day, But only-close to the‘bottom
As the: summer progressed the flSh ‘could be. taken much more
readlly on- the surface than near the: bottom for most of- the';
day;=w1th“the-peaks in feeding 1nten51t1es~sw1tch1ng-from

m1d~afternoon to mldnlght In August thevintenSity of the

. mldnlght feeding act1v1t1es increased drastically, until the

mldnlght 1llum1natlon dropped to lessbthan 10 foot candles
inamid”AUgust;e'B&sSeptember feeding at night stoppeds
completely, and:the feeding activiﬁy‘took place oﬁlyydﬁring'
a;shOrt:period’at midsdey._ At lower latitudes Hoa; (1953)
found that ‘trout also d1d not feed at nlont | |

From July 16 to September 2, thefdaua from the catech~

~ ability (Table I Appendix III) and the rise experiments

(Table II, Appendix IITI) do_not.seem,to agree: ~Since they.

.were-taken. from areas having different characteristic¢s, one

a'poolowith3muChPstanding'Water,_the_otherfé funning pool,

~this ﬁightwaccount.for the differences. I:tend to accept the

rise count data more. readily because it was collected from-

a pool ‘typical of the SEréam,vand’becaUSe the fish were not

disturbed in any manner.dUring the counts.
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During September the_feeding period became feStridted'
to the time between 1100 and 1400, but during this period

the. fish fed intensiveiy. fHowevér,uthe fish-neededAéanidér—

- able motivation before beginning to feed. The feedihg acﬁiv—

ity increased in intensity only after one fish reinforced

,orwmbtivated‘another. . That is, when@oneﬂfishfbegan_toﬂriéef_'
~over another, the latter did_not move until the first fish

had risen several timés,_after which the second fish rose

slowly._ After two or three such rises it began tovbeimoré¢

-actiVe,'and_othér'fish.in the pool soon followed-suit.
Similar behavior was observed in other drainages as late as

‘mid-October. In the cases‘mentioned above, it appeared as

if the food was nof-the-stimulus‘feleasing the feeding

activity in the fish, but rather the sight of other fish

feeding.
During rainy days the feeding'activitiesﬁappearedﬂto
be nil. These observations are supported by: the analysis of

eight stomachs collected on rainy days,:and'comparing”théb'

bulk contained with the stomachs of -fishes ofvsimilar sizes

collected on sunny days (Table IV). TIn most cases the total
volumes of the stomachs collected qﬁ»rainyfdays were 1/3 to
L/@vthe value of the sunny days total, and émong the stomachs
collected on rainy days 78 to lOO%5of'the'contents,were

a partly digested mass{indiéatingithat no receht feeding.had1.

taken place. The stoﬁpage'of feeding I attribute to'fhe
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-3 TOMACH CONT“ATS ON RAINY DAYS AS CONTRASTED TO

SUNNY DAYS.

"RAINY DAYS

SUNNY DAYS

Vol. of , ";;Vol. o .
, ' Stomach " .'Stomach -
Date Length‘of Contents Date Length of Contents .
Collected Fish (in ml) Collected ~Fish - (dn ml)
*8/5/68 208 0.35 7/22/68 ":2i8,.. 1418
L 240 0.40 : 243 2.28
180 0.23 173 0.60
170 0.22 ) o
170 0.37 v o
147 0.10 147 0.48
140 0.23 + 138 QL5
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inability of the fish to see the food items drifting down

‘due 'to the roiled water. ~Andersonwand L§hhkuhl'(1968)g£pund_

that, during periods of high water and rain, the amount’ of

" drift in a stream increased from five to ten times the .

-~

sunny day's normal. 'This’indicateé that'themgrayling are

unable to utilize a substantial food source available*during

periods of~héavy rain. This tends to support-the hypothésisv

that -the grayling is a visual feeder.

.The result of the distribution.and,orientation:pﬁ,the

- fish in the pools was that they were distributed so.as to

best utilize the food which waé_beingjtransported into the
pool.Ey the current. ' o |

. The fish's food habits and feeding behavior both
indicate that they are primarily mideepth andxsgrfacg :

feeders. What is.even more important,'thé bulk of théif]

diet is made up of benthic drift. This benthic drift

Adependency is an interesting adaptation,_aslit;allows*fish

inhabiting low.production streams:to utili23=food produged

in cther areas. Thus in McManus Greekaostfoffthe*gtﬁéﬁm,

. consisted of riffles, which are areas of very_high~benthic

productivity;(Mopgan,;1930). o

The fish amassed in the pools were able, to utilize large

areas of production upstream from them»(i3e., all of the areas

| betweén’pools). The relatively small sizes of “the poolsy

coupled with the infrequency of pools in the stream, and
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-territoriality which may limit the number of fish;inzthe

stream, allow for survival of the population in the unpro-

ductive stream.

The within-pool distribution allows for the largest

fish to utilize the incoming food supply. at its fullest.

‘_Sinceithey occupy the portion.ofithegpool'whereﬂtheuWatér"

enters in greatest volume, it appears_likély that they are

able to utilize a considerable number of organisms in the

drift. By'staying close tovthevbbttomuthey conserve energy
~since the current is considerablymslowerLthere._yBE£ause_‘

of their size; it is conceivable that their needed daily

ration is larger than that of the smallerﬁihdividuals,'and
by occupying the upstream position they.afe able to satisfy
this. The result of the distribution of the fish is that
the fish needing smaller rations occupy poéitioné'whererﬁhe 
foed made available ié lower.

What appears to take place in the grayling pools is.

that feeding territories are set up in' a hiérarchial“fashicn

'iby means of dominant subordinate relationships. ~The result

ié that bY'meéns of behgviofal displays a distribution is
achieved satisfying the‘hutfitive~neéd530f*thewindiViduals -
involved, and a maximum utilization of the resource is
attained. A secondary benefit of such a aiétriﬁution_is_that:_
it‘helps:iﬁ maintaining a healthy stock of fish. vTﬂe'fish' H

in better condition, by means of displays are able to gain
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a territory where their nutritive»needs can be satisfied.
Weak individuals, such as the tagged fishes, are relegated:

 to positions where their daily rations are smaller than

their needs. The result of this is a .poorly conditionéd
animalfwhichfmay not be able to survive the long winter,

a time when the beénthic faunacis;dnaStically!reduced.



SUMMARY

1. Tagglng and recapture of Arctlc Grayllng in McManus
Creek durlng the ‘summers of 1967 and 1968 1ndlcated that an

upstream migration- takes place through the summere

2. A diversion dam ldcated below the junctionepvaaith..

- and McManus Creeks was found not to be a cbmplete barrier to

¥

fish migrating upstream during the spring, butnmay:aet_as_a

barrier during the summer.

3. The grayling«were found to distribute:themselves;in
the summer pools according to size, the largest ones occupying
the uppermost portions of the pools, and the smallest ones

the periphery.

h; Each fish in a DOOl had a feedlng range Nlth a range

.center from which all of ‘his activities-began. Slnce the drea

was defended by aggress1ve'dlsp1ays.the'area-defended;was

.considered a feeding territory.

5. Each individual's.position in the pool-was:ecbtained
P

by behavioral displays between sets Of‘individUais until -one

‘emerged as the dominant fish and the other as the subordinate.

In this manner a pseudo«straight linefhierarchy:was fbfmed.

6. Iﬁ the fall the fish began mov1ng out of the pools

and the hlerarch1es dissolved.
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7. Sixty-eight stomaéhs were analyzed and from,this
data and visual Observétign_it_wasxdeteﬁmiqéd;thgtpthe
grayling is primarily a surfaéé%and»midfdépth*féeéErt,f

8. Benthic drift and flying insects Were found to be.

,the mostAimportant'organisms eaten._.In_Junefandjearlyeguly-
"flyiné insects were the most important food items;;ahd;the
‘ rest Qf_theAtime‘benthic'drift:wasvthe important food_

source. - ' v

9. In order to determine the relative importance of

various food items their frequency of. occurrence, numerical

‘abundance, and volumetric abundance were plotted so that a

triangular area was enclosed. The ratio of the various
areas was used as an index of relative importance.
10. Behavioral observations appeared to indicate that

the grayling is a visual feedér. Stomachs_collectédwat

‘times when the water was roiled substantiated this.

11. Adults and parr exhibited different feeding}
behavioral patterns. The former fed in a deliberate manper;
the latter instead fed quickly, o£ten jumping clear of the -
water while taking the food. o | |

12; Thermakimum feeding;intensityeperiOGSAof*thewgray—
ling show several #ariations. In August the peak was. at
midnight, and in September the feeding_period was limited

fromvllQO to 1400.



119

13, It_is postulated that the feeding territorieé

',establlshed during the summer ult1mate1y result in the

;best utilization of space for flsh hav1nv the feedlng hablts

dlsplayed by thevgrayllng.
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) | . APPENDIX I o
TABLE I. SUMMARY OF PHYSICAL CHARACTERISTICS OF THE POOLS OF MG MANUS CREEK.

POOL SECTION SURFACE MAX. DEPTH TYPES OF BANKS SUR-

OF STRM.  AREA OF POOLS . ROUNDING THE PoOLg  BOTTOM COMPOSITION OF THE POOLS
(Loca= ~ OF POOL (in feet) Brush Brush Both Banks P
tion of (meas. 5 pres. pres. barren % Rubble % Gravel % Sand
Pool) in £t.7) (both (one : -
. banks )bank)
© 1 Upper 240 1.5 - X — 100 0 o
2 " 35 2.0 - - X 100 .0 0
3 w400 1.5 — - X 50 50 0
Lo 150 2.5 - - X 100 0 0
5w 200 1.5 — X —~  .100 0 0
6 14,0 . 2.0 - x — 100 o 0
7 w2y 2.0 S — - 100 0 o
g n 180 2.0 X - _— 100 0 0
0 % 270 - 3.0 o -— - x 10 80 10
11w 280 3.0 - X - 75 5 20
12 " 75  1.0 X - — 100 0 0
3 180 5.0 - X - 10 15 75
1 300 3.0 — - X 75 20 5



TABLE I.. Continued.

APPENDIX I

15
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19
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- | APPENDIX I
TABLE I. Continued. L | | N .
3T v 297 3.0 == X == 30 50 207 -
32w 1300 4.0 —- X e 75 15 10
33 " 150 5.0 — X - 50 25 25
3 4506 5.0 - X - 70 20 10
3 " 2250 4.0 X _— _— 60 30 10
36 " 105 .0 X - - 75 20 5
‘37 Lower 220 2.0 — X _— 100 0 0
38w 200 3.5 — X - 50 25 25
39 . 525 5.0 — X — 10 0 90
Lo 600" 5.0 —- X - 10 35 55
BS R '150‘0_ 1.5 — X — 33 33 33
L2 .o 1000 5.0 ¢ 75 15 10
3" 1000 4.5 — - X 50 40 10

92T



: | | APPENDIX I
TQBLE Ii SUMMAQY OF PHYSICAL DESCRIPTIONS OF POOLS ALONG MC MANUS CREEK
SECTION POOL I(’OOL LEI\IGTH DEPTH(ar‘lth— SURFACE | BANK TYPES .
S NO: arithmetic metic mean . AREA A o e
it PRt , No Vege~ Vegetatlon ~Vegetation
mean in ft. ) 1n feet) : ‘tation on'l bank . on both
Upper 18 25.1 2.4 bils 194 .4 31.2% 50. 0% 18.7%
Middle 18 38.8 2297 661.2 11.1% 72.2% 16.6%
Lower 6 - 51.0 3.79 720.7 28.6% 71.4% -G~

Z_;ZI
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TABLE III. SUMMARY OF BOTTOM COMPOSITION OF POOLS ALONG MC MANUS CREEK.

 APPENDIX I

'RUBBLE

_GRAVEL

~

" SAND

w:% o7

Bottom
of
pools
covered

by

rubble

% of

-Bottom -
of ,
. sections

| rubble

covered
) _

oy

1 Freq.

of

| occur—-}
rence

in

1 sec—

tion

% of
. Bottom |
of v
i pools -
. covered
by :
;. gravel

1% of

- gravel

Bottom -
of -

section
covered
by

| Freq.

of

‘| occur-

rence
in

-sec=-
 tion

% of

- pools
covered}

~ sand-

Bottom
of

by

1% ot

Bottom

‘sections
covered -
| sand

' UPPER SECTION

77 .6%

77.6%

100%

g 36 4%

15.06%

L1.2%

25.0% |

7.3%

{MIDDLE SECTION

71.6%

71.6%

100%

E 26.,6%

22.2%

83.3%#

. -

11.1%

R A

| LOWER SECTION|

16.8%

100%

; 29.0%

'20;3%'

Tt

37.1%  1

3if8%;uﬁ;"




| . APPENDIX I | - |
TABLE IV. SUMMARY OF THE WATER VELOCITIES PRESENT IN THE POOLS ALONG McMANUS CREEK.

FrequenCy .of Occurrence Frequéncy of Oé'éurfénce, .off'Comibihati‘ons of
of Water Velocities - : Water Velocities
SECTION | | FAST ~ FAST  MED.  MED,  MEDIUM  SLOW
PéOLS - FAST MED. SLOW ONLY MED.& & & - ONLY . - ONLY
UPPER SEC, ' : ~ o | | ST
(18 pools) 61.1% 66.6% 38.8% - 16.6% 11.1%  27.7% 11.1% 16.6% 16.6%
(18 pools) 61.1% 83.3%  Lhk.4% 11.1% 16.6%  33.3% " 22.2% 11.1% 5.5%
LOWER SEC. N - S -
(6 pools) 16.6% 50.0%  83.3% e 16.6%  ~-6-  33.3% 16.6%6  33.3%

621 '



TABLE: T, RESULTS OF ANALYSTS QF“SURBER: SAMPLES

- APPENDIX
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. APPENDIX III.
TABLE I. CATCHABILITY OF FISH AT DIFFERENT TIMES OF THE. DAY «
S DRY  WEIGHTED : DRY WEIGHTED . -~ DRY ETGHTED :
DATS TIME FLIES SPINNERS DATE TIME FLIES SPINNERS DATE.  TIME FLIES SPINNERS
6/24,/68 1000 1 1 7/21/68 1000 1 2 8/2L/68 0800 0 0
1100 0. 1 ' 1200 2 1 - 1000 0 1
1200 0 2 1400 3 2 1200 1 0
1500 0 2 1500 3 1 1600 1 1
1600 0 2 1600 L 2 1800 1 0
1800 0 1 1700 - O 2 2200 0O o
2100 s} 0 1900 1 1
. : _ 9/2/68 0800 0 0
7/7/68 0800 0 0 7/28/68 0600 0O 1 1000 0 0
. 1000 o 0 . 0700 2 1 1200 2 1
1200 1 2 0900 3 3 14,00 1 2
1400 2 1 1000 3 2 1600 0 0
1500 0 0 1700 3 2 - 2400 0 0
1600 0 1 1800 3 2 " ' .
1700 0 2 2200 2 1 9/14/68 1000 0 0
1800 0 0 2300 . 2 0 1100 2 1
1900 0 . 0 24,00 0 0 1300 1 2
2200 0 1 7/29/68 0200 0 0 1400 0 - 3
2300 1 1 - - 1500 0 0
2L00 0 0 8/10/68 0800 0 0
7/8/68 0100 0 0 1000 0 1
| ' 1200 2 1
7/15/68 1500 = O 1 1400 3 2
1600° 1 0 1500 0 2
1700 - 2 3 1600 1 1
1800 11 3 1700 2 1
‘ 1800 1 1
1900 1 6
0 0

2000




APPENDIX III
| TABLE II. RISE COUNTS AT POOL GC.

-132

DATE

TIME

AVERAGE NO. OF RISES/
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< .
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