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ABSTRACT

During May through Septenber, 1985 and 1986, nine | akes and ei ght
streanms on the |zenbek National WIdlife Refuge and on the Pavl of Unit
of the Al aska Peninsula National WIdlife Refuge (Refuges) were
surveyed. The purpose of the survey was to characterize the fish
popul ati ons and descri be the physical and chem cal features of the | akes
and streans because limted information was previously available. Gl
nets, mnnow traps, electrofisher, dip nets, carcass recovery, and
angling were used to sanple the fish popul ations. Standard
hydr ol ogi cal , |imol ogical, and water quality methods were used to
sanpl e physi cal and chem cal characteristics.

Anadr omous and resident fish were captured including: Arctic char
(Salvelinus al pinus); Dolly Varden (S. mal ma); chum sal nron (Oncor hynchus
keta); coho salnon (O kisutch); pink salnon (O gorbuscha); sockeye
salnon (O nerka); coastrange scul pin (Cottus aleuticus); fourhorn
scul pin (Myoxocephal us quadri cornis); threespine stickl eback
(CGasterosteus acul eatus); ninespine stickleback (Pungitius pungitius);
starry flounder (Platichthys stellatus); and Arctic |lanmprey (Lanpetra
japonica). The occurrence of these species generally reflects the
geographic range reported in the literature. However, the presence of
fourhorn scul pi n and ni nespi ne stickl eback within the study area
represents a southern range extension for each of these species.

Lengt h, weight, and age characteristics of chum coho, and sockeye

sal non, and Arctic char fromthe Refuges generally exhibit simlar
characteristics to other Al aska popul ations. The typical ages of adult
pi nk sal mon and Dol ly Varden differed from other Al aska popul ati ons.
Age 0.1 pink salnon were captured in Swan Lake, which was not a typica
age for returning adults of this species. The oldest Dolly Varden
captured in this study was age 6 years, which is considerably younger
than the maxi mum age reported for other Al askan popul ations.

Open | akes exhi bited greater species diversity than closed | akes.
Tundra streans exhi bited greater species diversity than upland streans.
Mean | engt hs and wei ghts of juvenile coho sal mon and Dol ly Varden
sanpled in the | akes were greater than fromthe streans. Mean | engths
at age of juvenile coho salnon captured in the tundra streans were
greater than those captured in the upland streans.

Shorel i ne devel opnent was sinilar for open and cl osed | akes, but the

cl osed | akes were significantly deeper. Conductivity and pH were
greater for the open | akes. Discharge was greater in the upland
streans, although the tundra streans exhibited greater conductivity,

al kalinity, and pH. Bathynetry indicated that the | akes were glacially
formed kettle | akes.
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| NTRCDUCT! ON

The King Sal mron Fi shery Assistance Ofice conducted a survey of sel ected
| akes and streans on the |zenbek National WIldlife Refuge and t he Pavl of
Unit of the Al aska Peninsula National WIdlife Refuge (Refuges). The
goal of the survey was to provide information for devel opment of a
managenent strategy for fish resources and prioritize nanagenent

obj ecti ves.

The U S. Fish and Wldlife Service (1985b), Mrrow (1980), and Al aska
Department of Fish and Gane (1978) previously docunmented the existence
of 13 species of fish fromfreshwater habitats (Table 1). Sal nonids
conprised the majority of species recorded, with the remaining species
bel onging to four famlies.

Specific information concerning fish resources in the area is generally
limted to aerial sal nbn escapenent surveys by the Al aska Departnent of
Fi sh and Game, Division of Comrercial Fisheries (Al aska Departnent of
Fish and Game 1987). While these surveys supply estimates on the
nunbers of returning salnmon, they provide little information concerning
t he popul ation characteristics of any species or the distribution of
non- commerci al species. Al so, data concerning the |imol ogy, hydrol ogy,
and water quality of the Refuges' |akes and streanms are practically
nonexi stent (U. S. Fish and Wldlife Service 1985a, 1985b).

nj ectives of the survey were to: (1) determ ne fish species conposition
and distribution; (2) estimate the ages and average | engths and wei ghts
of juvenile and adult sal nonids; (3) obtain descriptive data concerning
t he I'i mol ogy, hydrol ogy, and water quality of the area's waters; and
(4) determine the bathynetry of the sel ected | akes.

STUDY AREA

| zenbek National WIldlife Refuge and the Pavlof Unit of the Al aska

Peni nsul a National WIldlife Refuge are | ocated on the southwestern tip
of the Al aska Peninsula (Figure 1). The Refuges are near the conmmunity
of Cold Bay, approximtely 1,050 km sout hwest of Anchorage. |zenbek
National WIdlife Refuge enconpasses 1,270 knt (U. S. Fish and Wlidlife
Service 1985a) and shares a conmon boundary with the Pavlof Unit. The
Pavl of Unit contains approxinmately 6,212 knt (U.S. Fish and Wldlife
Service 1985b) and is administered by the |zenbek National WIldlife

Ref uge staff.

The climate is characterized by hi gh wi nds, noderate tenperatures,
protracted cloud cover, and frequent precipitation (U S. Fish and
Wldlife Service 1985a, 1985b%. Extrenme m ni num and maxi num air
tenperatures are -25°C and 25°C, with an average annual precipitation of
90 cm Ayeragg August daily m ni mum and maxi nrum air tenperatures are
7.6 C and 16.7 C (National Cceanic and Atnospheric Adm nistration 1983).



Tabl e 1.-Fish species docunented in the freshwater habitats on |zenbek

Nati onal WIldlife Refuge and on the Pavlof Unit of Al aska Peninsul a
Nati onal WIldlife Refuge.
Fam |y Nane
Scientific Nane Conmon Nane Sour ce?
Pet ronyzont i dae
Lanpetra japonica Arctic |anmprey B
Sal noni dae
Sal vel i nus namaycush Lake trout B
Sal vel i nus al pi nus Arctic char A B C
Sal vel i nus mal ma Dol I'y Varden A B C
Oncor hynchus nyki ss St eel head trout A C
Oncor hynchus gor buscha Pi nk sal non A B
Oncor hynchus ner ka Sockeye sal non A B
Oncor hynchus t shawyt scha Chi nook sal non A B
Oncor hynchus ki sut ch Coho sal non A B
Oncor hynchus ket a Chum sal non A B
Gast er ost ei dae
Gast er ost eus acul eat us Thr eespi ne sti ckl eback A B
Cotti dae
Cottus al euticus Coastrange scul pin B
Pl eur onect i dae
Pl atichthys stell atus Starry fl ounder A B

A
C

US. Fish and Wldlife Service (1985b); B
Al aska Departnent of Fish and Gane (1978).

Mor row (1980) ;

and
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METHODS

Ni ne | akes and ei ght streans were surveyed on the Refuges. Stream and

| ake nanes were predom nantly |local and are used for identification
purposes only. Lakes and streans to be surveyed were chosen due to
their proximty to the road system A fixed wing aircraft was used to
access Paul Hansen Lake and Joshua Green River. Sanpling occurred from
10 May to 18 July and from5 to 22 August, 1985. Sanpling during 1986
was conducted from 12 August to 12 Septenber.

The nine | akes sanpl ed were classified as open or closed (Table 2).

Open | akes were identified as having stream connections to salt water

wi th cl osed | akes being | andl ocked. The eight streans sanpled were
classified as tundra or upland. Tundra streans were defined as
originating fromlakes or springs in |ow coastal wetlands. These
streans generally had a | ower gradient, nore stable banks, and exhibited
| ess fluctuation in flows than the upland streans, which originate on
the steep slopes of the Al eutian Range.

Fi sh Speci es Conposition and Distribution

Lakes were sanpl ed using experinental gill nets, electrofishing, nmnnow
traps, dipnets, and angling. An experinmental gill net (45.7 x 1.8 m
with 3.8, 5.1, 6.4, 7.7, 9.0, and 10.3 cm stretched nesh) was fished
overni ght on the bottomof the lake in the area of greatest depth
change. Inlet and outlet areas along the shoreline were sanpled with a
Smi t h- Root Mbdel 15A backpack el ectrofisher. Four m nnow traps were
baited with preserved sal non eggs and set overnight along the shoreline
in depths of 0.5-1.0 m Dipnetting and angling were conducted
opportuni stically. Sal non carcasses were exam ned when avail able. Al
fish were identified to species by external characteristics except
Arctic char and Dol ly Varden, which were distinguished by conpari sons of
gill raker and pyloric caeca counts (Scott and Crossman 1973, Morrow
1980) .

In streans, electrofishing, dipnetting, angling, and carcass recovery
were used to determ ne fish species conposition and distribution. Three
to thirty nmeter sections of the streans were sanpled w th the backpack
el ectrofisher. El ectrofisher failure prevented effective sanpling of
the Joshua Green River. Dipnetting and angling were conducted
opportuni stically. Sal non carcasses were sanpl ed when avail abl e.

Lengt h, Weight, and Age

Fork length (nm was neasured on Arctic char, Dolly Varden, and juvenile
sal non; md-eye to fork length (nm was neasured on adult sal non

Wei ght (g) was neasured froma subsanple of individuals captured. All
juveniles were anesthetized with tricai ne nmethanesul fonate (Ms-222) to
facilitate handling. For juvenile salnmon and rel eased adult pink and
sockeye sal non, scales were collected fromthe md to posterior region
above the lateral line (Jearld 1983). Qoliths were obtained from



Tabl e 2. -Nanes and types of streanms and | akes sanpl ed on
| zenbek National WIdlife Refuge and on the Pavlof Unit of

Al aska Peninsula National WIdlife Refuge,

1985 and 1986.

Name Type

Bl uebi Il Lake outl et Tundra Stream
Lanprey Lake outl et Tundra Stream
Stapp Creek Tundra Stream
Trout Creek Tundra Stream

Frosty Creek
Joshua Green River
Russel | Creek
Sout h End Creek

Bl uebi I | Lake
Lanprey Lake
Paul Hansen Lake
Swan Lake

VOR Lake

Blinn Lake
Boggl e Lake
Rescue Lake
St app Lake

Upl and Stream
Upl and Stream
Upl and Stream
Upl and Stream

Open
Open
Open
Open
Open

Lake
Lake
Lake
Lake
Lake

Cl osed Lake
Cl osed Lake
Cl osed Lake
Cl osed Lake




subsanpl es of Arctic char and Dolly Varden, as well as from subsanpl es
of live salmon and sal non carcasses.

Ages of scales and otoliths were interpreted by two readers, with a
third reader resolving disagreenents. Regenerated or damaged scal es
were discarded. Qoliths were cleared with xylene, and age was
estimated by exami nation of the external surface (Barber and MFarl ane
1987). The ages of resident fish and juvenile sal nonids were denoted as
a single digit. The ages of adult salnon were denoted by the two digit
Eur opean net hod (Koo 1962). No attenpt was nade to conpare otolith and
scal e ages.

Based on McCart (1980) and Arnmstrong and Morrow (1980), Arctic char and
Dol Iy Varden younger than age 4 were considered to be juveniles. To
maxi m ze sanple sizes for length and wei ght anal yses, Arctic char and
Dol ly Varden with no assigned ages were considered to be juveniles if
they were snaller than the smallest age 4 Arctic char or Dolly Varden
captured fromthe study area.

Sal non were considered to be juveniles if their scales or otoliths did
not exhibit saltwater checks. To maxim ze sanple sizes for length and
wei ght anal yses, salnmon with no assigned ages were considered to be
juveniles if they were smaller than the |argest aged juvenile of the
same speci es.

Two sanple t-tests ('=0.05) were used to conpare nean |engths and

wei ghts of fish sanpled fromlakes and streans (Freund 1984).
Significant differences were al so tested between open and cl osed | akes
and between tundra and upland streans. To naxim ze sanple sizes for
adults and juveniles, catch for all gear types was conbi ned.

Li mol ogy, Hydrol ogy, and Water Quality
Lakes

Maps of each | ake were constructed, to scale, fromaerial photographs.
Lake norphol ogi cal characteristics were cal cul ated using the nmethods in
Lind (1974). Depth of |ight penetration was neasured with a Secch

di sk. Surface area and shoreline length were calculated with a

pl ani neter. Shoreline devel opment (D) reflects the degree of shoreline
irregularity and was cal cul ated by:

D-_S_
v/Ba
wher e: s = shoreline length (M

a = |lake surface area (nf) (Cole 1979).

A Yellow Springs Instruments Mddel 33 conductivity nmeter was used to
measure conductivity (uS/cn). A Hach Mbdel AL-36DT portabl e water
chem stry kit was used to nmeasure total alkalinity (nmg/L CaCO;) and pH

6



Al water quality paranmeters were neasured approximately 0.3 m bel ow t he
surface. Significant differences in nean shoreline devel opnment and nean
dept h between the open and cl osed | akes were tested with a two sanple t-
test ('=0.05) (Freund 1984).

St reans

Al streams were sanpled for hydrol ogical and water quality
characteristics except Bluebill Lake outlet, South End Creeks, and
Joshua Green River. Discharge neasurenments were obtained with a Marsh-
McBirney flow neter, top setting wading rod, and neter tape. Velocity
measurenents were taken at 0.6 of the water colum depth, and stream

di scharges were cal cul ated according to Rantz (1982). Sites for

di scharge neasurenents were chosen according to the following criteria:
(1) parallel flow (2) mniml obstructions (boulders or |arge debris);
and (3) noderate water depth.

Total alkalinity, pH, and conductivity were nmeasured slightly bel ow the
stream surface at all discharge neasurenent sites. The sane equi pnent
used for water quality sanmpling in the | akes was used for water sanpling
in the streans.

Lake Bat hynetry

Lake perinmeters of the bathynetric maps were constructed by enl argenent
of the I ake outlines fromscal e topographic maps. Depths were

determ ned using a Humm nbird portable depth finder in Blinn, Lanprey,
Stapp, and VOR | akes. An Eagle Mach 1 graph recordi ng echo sounder was
used in Bluebill, Boggle, Paul Hansen, Rescue, and Swan | akes. Depth
contours were determ ned by connecting points of simlar depth al ong
predet erm ned transects.



RESULTS

Fi sh Speci es Conposition and Distribution

Twel ve fish species were captured in the nine | akes and ei ght streans
(Tables 3 and 4). Sal nonids were the nost common fish, occurring in al
four types of water bodies. Dolly Varden and coho sal nron were the nost
wi despread species, occurring in 13 of the 17 sanpled water bodies.
Four horn scul pin (Myoxocephal us quadricornis), starry flounder, and
Arctic lanmprey were each captured in only one water body. Because no
sal twat er checks were observed in otoliths of Dolly Varden and Arctic
char, these species were considered to be residents.

Ten fish species were collected fromthe open | akes, and four species
were collected fromthe closed | akes (Table 3). Arctic char, Dolly
Varden, coastrange scul pin, and threespine stickl eback were captured in
both | ake types. Dolly Varden, coho sal non, sockeye sal non, ninespine
stickl eback (Pungitius pungitius), and threespine stickleback were
captured in all five open | akes. Fourhorn scul pin were captured in only
one open | ake. No species was conmon to all the closed | akes, but
coastrange scul pin and threespine stickl eback were captured in three of
the four closed | akes.

Ten species of fish were captured in the tundra streans and seven were
captured in the upland streans (Table 4). Several species were present
in both streamtypes, although the upland streans exhibited | ess species
diversity than the tundra streanms. Coastrange scul pin, starry flounder
and Arctic lanprey were present only in tundra streans. Dolly Varden
chum sal non, and coho sal non were captured in all the upland streans.
Coho sal non and threespi ne stickleback were the only species captured in
all tundra streans.

Lengt h, Weight, and Age

Lengt hs were neasured from six sal nmonid species captured in the | akes
(Table 5) and five sal nonid species captured in the streans (Table 6).
The I ength frequency distribution for the six salnonid species, by water
body type, are presented in Figures 2-7. Mean lengths of juvenile coho
sal non and juvenile Dolly Varden fromthe tundra streans were
significantly greater than the nmean |lengths of the sane species fromthe
upl and streans (P<0.01). Dolly Varden nean | ength was not significantly
di fferent between open or closed | akes (P>0.30). The nean | engths of
juvenile Dolly Varden and juvenil e coho sal non captured in the | akes
were significantly greater than the mean lengths of simlar fish in
tundra (P<0.01) and upland (P<0.01) streans.

Wei ghts were neasured fromfive species in | akes and two species from
streans (Tables 5 and 6). The nmean wei ght of juvenile coho salnon from
the | akes was significantly greater than the nean weight of juvenile
coho salnon in tundra (P<0.01) and upland (P<0.01) streans. No
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Figure 2.-Length frequency (2 mmincrenents) of Arctic char captured

in open and cl osed | akes on izenbek Nationa
Pavl of Unit of Al aska Peninsul a Nationa

Wl dlife Refuge and on the
Wldlife Refuge, 1985 and 1986.
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Figure 3.-Length frequency (2mmincrenments) of dolly Varden captured
in open | akes, closed | akes, tundra streans, and upland streans on
| zenbek National WIldlife Refuge and on the Pavlof Unit of Al aska
Peni nsul a National WIldlife Refuge, 1985 and 1986.
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Figure 4.-Length frequency of adult chum sal non captured in open
| akes, tundra streans, and upland streans on |zenbek National WIldlife
Ref uge and on the Pavlof Unit of Al aska Peninsula National Wldlife
Ref uge, 1985 and 1986.
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Figure 5.-Length frequency of coho sal nmon captured in open | akes,

tundra streans,
and on the Pavlof Unit of Al aska Peni nsul a Nati onal

1985 and 1986.

16

and upl and streans on |zenbek Nati onal

Wldlife Refuge
Wl dlife Refuge,



3 —
OPEN LAKE
N =43
5 —
- m N
0 [ [ [ [ I

FREQUENCY

3 —
TUNDRA STREAM
N =59
5 —
1
0 | [ [ [ [

I

3
UPLAND STREAM
N =51
5 —
1 -
0 I I I I I I I [ |

200 250 300 350 400 550
MID-EYE TO FORK LENGTH (mm)

Figure 6.-Length frequency of adult pink salnon captured in open
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significant difference for nean weight existed for Dolly Varden captured
in the open or closed | akes (P>0.30).

Esti mated ages of fish captured in the | akes and streans ranged from
young- of -year Dol ly Varden and chum coho, and sockeye salnon to age 6
Dol ly Varden and age 4.2 coho salnon (Tables 7 and 8). Adult sockeye
and coho sal non spanned four age classes, whereas adult pink and chum
sal non only conprised two and three ages, respectively. At al
correspondi ng ages, nean |engths at age of juvenile Dolly Varden
juvenile coho sal nmon, and adult chum sal non fromtundra streans were
greater than upland streans (Table 8). Adult pink salnon captured in
the tundra and upl and streans exhi bited near identical nmean | engths at
age.

Li mol ogy, Hydrol ogy, and Water Quality

Al nine | akes and five of the eight streans were sanpled for

I i mol ogi cal , hydrol ogical and water quality characteristics (Tables 9
and 10). Equi pnment failure prevented sanpling on Bluebill Lake outlet,
Sout h End Creeks, and Joshua Green River.

Conductivity of the | akes was generally higher than conductivity of the
streans. The alkalinity of the streans exhibited a narrower range of
val ues than exhibited in the | akes. The pH was generally the same for
both types of water bodies.

Conductivity fromfour of the five open | akes was higher than in closed
| akes (Table 9). Alkalinity fromthe open | akes exhibited a w der range
of values than the closed | akes. The pHin the open | akes was slightly
nore al kaline than the pHin the closed | akes. Secchi disk readings
were generally higher in the cl osed | akes.

Conductivity and alkalinity were greater in the tundra streans than in
the upland streans (Table 10). The pHin the tundra streans exhibited a
wi der range of values than pH in the upland streans. Discharge in the
upland streans (1.6 - 6.4 n¥/s) was greater than tundra streans (0.1 -
0.7 ni#ls).

Lake Bat hynetry

The surface areas of the | akes ranged from5 to 192 hectares, and
surface areas of the open | akes were generally larger than closed | akes
(Table 9 and Appendix A). Perineters of all the | akes were irregular

al t hough shoreline devel opment did not differ significantly between the
| ake types (P>0.10). Maxi num depth was generally greater and nean depth
was significantly greater in the closed | akes (P<0.05).
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Tabl e 10.-Conductivity, alkalinity, pH and discharge nmeasurenents of
tundra and upl and streans on |zenbek National WIldlife Refuge and on the
Pavl of Unit of Al aska Peninsula National WIdlife Refuge, 1985 and 1986.

Conductivity Al kalinity pH Di schar ge

Stream (uS/cm (mg/ L) (nfl s)
TUNDRA
Lanprey Lake outl et 75 19.2 7.7 0.1
Stapp Creek 55 29.1 6.9 0.2
Trout Creek 56 17.8 6.7 0.7
UPLAND
Frosty Creek 27 14. 7 6.9 1.6
Russel | Creek 28 6.8 7.0 6.4
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DI SCUSSI ON

Fi sh Speci es Conposition and Distribution

The fish species found on the Refuges generally reflect the geographic
range reported in the literature (Hart 1973; Morrow 1980; and Scott and
Crossman 1973). However, the presence of fourhorn scul pin and ni nespi ne
stickl eback within the study area represents a range extension for each
of these species. Tack (1970) did not capture either of these species
in |zenbek Lagoon during July. Morrow (1980) reports the range of
fourhorn scul pin extended only as far south as Pastol Bay, north of the
Yukon River delta. Morrow (1980) also states that ninespine stickl eback
had been reported only as far south as the Port Heiden area. et her

t hese speci es exhibit seasonal novenents, had recently noved into the
study area, or sinply were not previously collected is not known.

Three fish speci es have been reported to occur within the study area but
were not captured during sanmpling: chinook salnmon (U S. Fish and
Wldlife Service 1985b, Mrrow 1980); |ake trout (Mrrow 1980); and
steel head trout (U S. Fish and Wldlife Service 1985b, Al aska Depart nent
of Fish and Gane 1978). Sone possible reasons these fish were not
captured include: they exist in |ow nunbers; they occur in waters that
were not sanpled; or the time of sanpling did not coincide with the
species' availability.

Open | akes exhibited a greater fish species diversity than the closed

| akes due to their connections with marine water. The connection nmade
it possible for four species of salnon to enter the open | akes. Swan
Lake contai ned fourhorn scul pin, a brackish water species (Mrrow 1980).
Since Swan Lake is located very close to the shore of Cold Bay, the
tidal influx of salt water probably allowed fourhorn sculpin to survive

Stapp Lake was uni que anpong the closed | akes because it contained only
Dol ly Varden. Landl ocked Dolly Varden have only been reported from
arctic Alaska and Kanthatka, U S.S.R (Arnstrong and Mrrow 1980; Morrow
1980). The presence of Dolly Varden within Stapp Lake provides a
significant range extension for |andl ocked Dolly Varden. Stapp Lake was
also the only | ake that did not contain threespine stickl eback

However, mnnow traps were not used to sanple the | ake which may explain
t he absence of this species.

Arctic char and Dolly Varden were captured in both the open and cl osed
| akes. Their presence suggests that anadronous and resident fornms of
each species may occur in the sanpled waters. Anadronous and resi dent
forns of these species have been docunented in Al aska, although Arctic
char are generally considered to be a resident species (Mrrow 1980).

Tundra streans exhibited a greater species diversity than the upland
streans, although the upland streans exhibited a nore consi stent species
conposition. Ten species were captured in the tundra streans, but none
of these streans had the sanme species conposition. The upland streans
cont ai ned only seven species and three of these streans exhibited the
same species conposition. The characteristics of the tundra streans
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(i.e., nore stable stream banks and | ess fluctuating di scharges) may
provi de suitable habitat for species adapted to either high or |ow

di scharges. Conversely, variable flows and active stream banks of the
upl and streans nmay provide suitable habitat only for those species
adapted to higher discharges. Species adapted to the |ower discharges
may not be able to survive in the upland streans, while species adapted
to hi gher discharges are probably able to survive in the tundra streans.
Speci es unique to the tundra streanms were not captured in the | ower
reaches of the upland streans where water velocities were sinmlar
However, conductivity and alkalinity in the tundra streans were greater
than in the upland streans which may affect species distribution

No juvenile pink salnon and only 11 juvenile chum sal non were captured
in the tundra and upland streans during the study. Bricker (1982) found
99% of the chumsalnmon fry in Russell Creek had outm grated prior to

1 June and 100% of the pink salnon outmigrated prior to 15 May. The
earliest stream sanpling during this study began on 30 May 1985 and
apparently occurred after the nmajority of these juveniles had

out mi gr at ed.

Lengt h, Weight, and Age

Chum coho, pink, and sockeye sal non, and Dolly Varden fromthe Refuges
general |y exhibited | ength, weight, and age characteristics simlar to
ot her Al aska popul ati ons (Arnstrong and Mrrow 1980, Bue 1986,
McCul | ough 1987, and Morrow 1980). However, the age of adult pink

sal non and Dol ly Varden found on the Refuges differed from other Al aska
popul ati ons.

Pi nk sal mon usually return to spawn at age 0.2 and do not exhibit much
variation in age at return (Scott and Crossman 1973). However, nine
(26.5% of the adult pink salnmon captured in Swan Lake were age 0. 1.
Heard (1991) reported that age 0.1 returning adult pink sal nmon are

consi dered rare exceptions to the two year cycle. The conmerci al
fishery harvests few age 0.1 pink salnon (Arnie Shaul, Al aska Depart nment
of Fish and Gane, personal comunication). Wile age 0.1 returning pink
sal non do exist, the large proportion found in this sanple may be uni que
to the Swan Lake stock

The maxi mum age of Dolly Varden fromthe Refuges was considerably | ess
than the maxi mum age of Dolly Varden from ot her regions of Al aska. Ages
of Dolly Varden fromthe Refuges ranged from3 to 6 years. Ages of
Dolly Varden in arctic Al aska range from3 to 10 years (Morrow 1980),
and from2 to 11 years in southeast Al aska (Arnstrong and NMorrow 1980).
A small nunber of older Dolly Varden may have been present. However,
l[imted sanpling efforts would reduce the probability of capture.

Length and wei ght data for both Dolly Varden and coho sal non all owed the
| ake and streamrearing habitats to be conpared assuming greater |ength
and wei ght indicated better rearing environnent. Lakes appeared to
provide better rearing habitat than streans. Tundra streans appeared to
provide a better rearing environment that the upland streans.
Environnental stability, food availability, conpetition, or habitat
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preference may explain the differences. Lakes and tundra streans are
not subject to extrene tenperature, flow, and sedinment |oad fluctuations
found in the upland streanms. The nore stable environnent may allow fish
to use less energy to maintain position in the water colum and use the
saved energy for growmh. Mre food may be available in the | akes and
tundra streanms, which would explain the difference in fish size.
Conductivity in the | akes was hi gher than conductivity fromthe streans.
H gher conductivity may indicate greater productivity (Cole 1979) and
better growth conditions. Because larger fish have a conpetitive

advant age, smaller fish may be forced to utilize different habitat

types. Conversely, there may be a age/size specific difference in
habi t at preference.

Li mol ogy, Hydrol ogy, and Water Quality
Lakes

Data fromthis study indicate that open | akes have greater productivity
than closed | akes. Indicators of productivity include conductivity,

al kalinity, and pH (Cole 1979), as well as shallow depth and shoreline
devel opnent (Wetzel 1975). Chemical paraneters fromthe open | akes were
general Iy higher than the cl osed | akes, and the open | akes exhi bited
significantly | ess nean depth. Al though shoreline devel opnent was not
significantly different between the two | ake types, it was generally
greater in the open | akes.

The stream connections of open | akes may directly influence
productivity. In northern areas, poorly drained (closed) |akes may
become bogs (Col e 1979), which typically exhibit |ow pH val ues and poor
productivity (Rutner 1974). Higher pH may indicate higher productivity
(Col e 1979), and the open lakes fromthe study area generally exhibited
hi gher pH than the cl osed | akes. The stream connections of the open

| akes apparently provide a flushing action that prevents them from
becom ng bog-like. Stream connections in the open |akes al so influence
the | ake productivity by allowi ng salnon to enter the | ake and | ake
tributaries. The nutrients released fromthe deconposed sal non
carcasses act as fertilizer and stinulate productivity.

The di ssol ved oxygen val ues of the sanpl ed | akes exceeded the |evels
required to support fish populations. At simlar tenperatures to those
found in the sanpled waters, the m ni num oxygen requirenent for adult
sockeye sal non was between 5.0 and 6.7 ng/L (Davis 1975). Lake

di ssol ved oxygen exceeded the m ni mrum val ue by 4 ng/L.

Swan Lake exhi bited chem cal characteristics that were unusual. The
conductivity was higher and the alkalinity was | ower than the other

| akes in the study. The high conductivity was probably due to the tida
influx of salt water. The low alkalinity may have resulted fromthe
reaction of salt water with the edaphic properties of the |ake basin.
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St reans

Besi des supporting larger Dolly Varden and juvenile coho sal non

chem cal characteristics indicated that the tundra streans were nore
productive than the upland streanms. Conductivity and alkalinity were
hi gher in the tundra streans, although no trends in pH were apparent.

Russell Creek was the only sanpled water body with a historical record
of water quality. Values for conductivity and alkalinity on Russel
Creek during Decenber 1975 were 47 uS/cmand 10 ng/L (Bricker 1978).
These val ues were slightly higher than the values coll ected during June-
August 1985. The differences could be due to sanpling |ocation

di scharge fluctuations, or season. The pH of 7.0 for June- August 1985
was within the range previously recorded fromthe stream

Lake Bat hynetry

The sanpl ed | akes on the Refuges can be categorized as "kettle | akes"

whi ch appear to be typical of the small, shallow tundra | akes found on
t he Al aska Peninsula. These |akes were formed during the retreat of
decaying glaciers. 1ce blocks broke off of the retreating glaciers and

were covered with glacial drift material (Wetzel 1975). The ice block
eventual ly nelted | eaving behind shall ow | ake basins that have irregul ar
shorelines and underwater relief.

Lake productivity increases with increasing shoreline devel opnent and
decreasing depth (Wetzel 1975). Therefore, the sanpled | akes woul d be
classified as productive since they are shall ow and nost of the | ake
lies within the photic zone. However, the small sizes of the | akes
l[imt the actual fish production. These |akes provide significant
rearing habitat for the localized small fish stocks, but the production
of large nunmbers of fish is physically limted.

Recomrendat i ons

Because the | akes and streans sanpled were not randonly selected, the
data may not be representative of the fish popul ati ons present nor

i ndi cati ve of the physical and chenical characteristics of all the
waters on the Refuges. Sanpling locations within a water body nmay have
i nfl uenced the nunber and species of fish captured. Constraints on

| ogi stics and manpower limted the frequency, timng, and anount of
sanmpling that each water body received. Gear selectivity, the conbining
of data fromall gear types, the opportunistic use of sone gear types,
and the use of subsanples may have bi ased the anal yses of fish
popul ati on structures. Small or highly variable sanple sizes precluded
meani ngf ul conpari sons of sone of the data. However, this survey of

sel ected waters of |zenbek National WIdlife Refuge and the adjacent
Pavl of Unit of the Al aska Peninsula National WIldlife Refuge will serve
as a cursory baseline for fish resource managenent on these | ands.

Addi tional studies will conplenment the collected data and refine the
interpretation. Recommendations for future studies include: (1) begin
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sanmpling earlier in the year so chumand pink salnmon fry will be
captured; (2) extend the sanpling season to collect nore adult coho

sal non; (3) investigate the existence of other popul ati ons of |andl ocked
Dolly Varden in the area; (4) confirmthe existence of age 0.1 adult
pi nk sal mon in Swan Lake or other water bodies; and (5) collect tine
series data for fish abundance and water quality to docunent seasona
fluctuations. Wth this additional information, management priorities
and strategi es can be devel oped. The additional information would all ow
i npl enent ati on of a managenent plan to proceed nore pronptly and
efficiently.
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APPENDI X A

Bat hynetric maps of |akes on the |zenbek Nati onal
Wldlife Refuge and on the Pavl of Unit of the Al aska
Peni nsul a Refuge, 1985 and 1986.
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