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ABSTRACT

No previous research on Isle Royale has included extensive limnological
studies. This project included selected lakes on the central and southern
portiuvn of the island. Insects and aquatic plants were also collected to
provide essential baseline for these areas.

The pH's of the lakes ranged from 5:25 - 6.50 (mean value 5.70). Only
Siskiwit Lake, Lake Richie and Intermediate Lakeés had maxima greater than
6.0. This low pH combined with a mean alkalinity of 25.9 mg/kg CaCO
(max. value 38.6) indicates a high susceptibility to acid precipitat?on.

The small fiagellate algae dominated most of the lakes., Siskiwit and
Wood Lakes also showed subdominances of Cyclotella melosiroides,
Asterionella, Rhizosolenia and Oocystis, suggesting that these are oligo-
trophic lakes. Chippewa Harbor and Whittlesey Lake are subdominated by
the mesoeutrophic indicator Melosira. The eutrophic indicator Gloeocapsa
is common in Feldtmann Lake as Scenedesmus, a warm water form.

Insect % minute kick samples usually contained less than 100 individuals
and were not diverse. Trichopterans and dipterans were the most abundant
and the most diverse (with 32 and 40 genera, respectively). 111 insect
genera were identified, 39 of which were not previously reported for the
island. 5 new bryophyte species and 10 new aquatic plant species were
reported (37 families, 56 gerera, 101 species). Aquatic vegetation of
Wallace Lake was mapped, based of quadrat samples and a dendrogram using
a Jaceard coefficient.
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INTRODUCTION

Isle Royale National Park, Michigan offers unique opportunities for
research. Unlike most National Parks and protected areas which represent
portions of much larger ecorystems, IsI;“Royalé is isolated from the
majority of man's influences that are ecologically serious and from
modifying activities of surrounding areas. Unfortunately the island is
vnot isolated from acid precipitation. Rain and snow with pH as low as
3.5 have been recorded by Stottlemyer (personal communication). The
island may be extra sensitive to acid precipitaticn due to the thin
soils and basaltic geology.

The island is IArge enough to be a self—regula;ing‘ecosystem. Few
ecosystems like Isle Roxale exist at this latitude. Monitoring the
conditions and changes of near natural systems will aid the understanding
and management of similar ecosystems that are altered by ﬁan.

To detect changes comparisons must be made; and to date there is
little docﬁmented baseline knowledge of the island's more than 200 in-
land lakes and numerous streams. L;pn et al. (1966) stresses the need
for baseline studies of physical and biological characteristics of all
aquatic environments associated with the island. Most aquatically related
research has dealt with the commercial and sport fisheries of the island
and surrounding waters of Lake Superior (Hubbs. and Lagler, 1949; Sharp,
1960; and others). Taylor (1935) analyzed some phytoplankton grab
samples and Prescott (1936, 1937, 1939 and 1940)_comp11ed a list of

desmids from the islard. Many of -the species Prescott identified were
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state and North American records. Some aquatic insects were collected by
the Michigan State Biological Survey of 1904 and 1905 (Adams 1908).
Aquatic macrophytes have been studied by Brown (ca. 1936) and Adams (1908);
however, these studies have not described the felative abundancies of
aquatic plants at various locations. L;P“ et a{. (1966) includes an
extensive bibliography.

This projects' primary goal was providing baseline.data concerning
several aspects of the aquatic environment. Basic linnological parameters
were determined for several inland lakes and one harBor of Lake Superior.
Relative abundancies of aquatic insects, macrophytes, and phytoplankton
were estimated in several lakes and/or streams. Our efforts were spread
over several areas of the island in an effort to detect similarities and
differences among and within différent habitats. We hope future research

will add to this data base. . .
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Figure 1. All labeled areas (except Washingtom harbor,
Chickenbone Lake and McCargoe Cove) were included in this study.
X's indicate approximate locations of limnological sites. The
southern portion of the island is at the left and the island's
central portion is at the right.



DESCRIPTION OF STUDY AREAS

The areas and maximum depths of ali lakes (except Chippewa Harbor)i
are in Table 1 (after Humphries, 1962). The bottom of Sikiwit Lake
consistéaf bedrock, glacial till, and sapéwin some shallow bays.

Feldtmann Lake's yottom consists primarily of ;and. Moskey Basin has a
bedrock and sand bottom. The remaining lake bottoms varied within each
lake from bedrock and sand to o;ganic deposits. An underwater ridge
separates Wood Lake into two approximately equal portions. This

ridge is orientated in and east-west dirgption. Figure 1 is a map of the
central énd southern portions of the island. All study sites are labeled
on this map. A map of the entire island appears in the appendix

(figure 6). _ .

Aquatic insect samples were taken either in lentic (standing water)
or lotic (flowing water) habitats. Listed below is a brief description
of éach sample site.

Lotic habitats

Benson Creek is approximetely 3.5 km long and drains Benson Lake.

The creek is seldom wider than 3 meters and hﬁs a maximum depth of about
50 cm. During the spring the stream is full flowing, but during the summer
the stream flow is reduced aﬁd even terminates in some areas,

Insect sampling sites were concentrated in the last kilometer of
the stream. The current in this section of stream was generally erosional
although there were few depositional areas upstrgam of the sampling areas.
The substrate consistéd primarily of sarge rocks and gravel. However,

aquatic plants inhabited several depositional areas. The water temperature

_5_
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Table 1

»

Areas and maximum depths of some Isle Royale lakes (after

Humphries, 1962).

; Area (acres) Max. Depth (feet)

Lake Benson 50 7
Feldtmann Lake | 461 10

- Forbes Lake 16 21
Intermediate Lake 162 22
Lake John 9 20
Newt Lake » 15 4

 Lake Richie | 520 37 )

Scholts Lake 5.5 5
Siskiwit Lake 4500 142
Sumner Lake 22 5
Wallace Lake 8.3 9

" Lake Whittlesey 156 50
Wood Lake 118 \ 30%

% Estimated from the present study's data
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during sampling ranged from }1.5 to 18.0 degrees centigrade and the pH

ranged from 5.5 to 6.0.

Wallace Creek is about 1 km long and drains Wallace Lake to Moskey
Basin. The current was swift at the time of sampling but may become inter-
mittant during late summer. The substrate of the stream ranges from

bedrock and large rock to some gravel. Many rocky substrates were covered

by aquatic mosses such as Fontinalis spp. Insects were collected from

amongst large rocks in depths of 5-30 cm. The stream bed was shaded-
when the samples were collected. Water temperaturé at sampling time w;s
18.0 degrees centigrade,and the pH was 6.5.

Léke Richie Outlet flows from Lake 'Richie to Chippewa Harbor, a dis-.
tance of about 2.5 km. The stream is very swift for most of its length,

although it does slow near Chippewa Harbor. The width of the stream ranges

from two to five meters. Insect samples were collected from amongst rocks

and gravel in depths of about 15 cm and from aquatic vegetation; Very
little detritﬁs was presenﬁ in the stream. The water temperature during
sampling was 19-20 degrees centigrade and the pH was 6.0.

Chickenbone Lake Outlet is about two km long and drains Chickenbone
Lake into McCargo Cove. The stream is shéded during the day by steeply
inclined banks. The stream flows swiftly over its entire leﬁgth.

Most of the streambed consists of large rocks, many of them moss
covered. Very little organic debris was present although some aquatic
plants did grow in the stream. The water temperature at the time of sampling
was 17 degrees centigrade and the pH was 5.5.

Feldtmann Creek flows about 1.5 km from Feldtmann Lake to Lake Superior.
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The stream is naturally dammed at many points and plows slowly over most
of its course.

Three samples were taken along this stream. The substrate generally
consisted of large rocks and fine black muck from old beaver ponds. Many
aquatic plants grew in the sampling area§u~ The yater temperature at the
time of sampling was 21 degrees cenfigrade. " The pH was not determined.

ﬁashington Creek is the longest creek on Isle Royale. It drains much
of the southwest and of the island and empties into Washington Harbor near
Windigo. The creek was sampled only once at its intetsection with the
Hugginin Cove trail. At this point,'the creek ‘1s about 7 m wide an& the
current was slow. The sample wa$ collected from a small riffle about 15 cm
deep. There was a considerable amount of organic debris in the stream. The
temperature of the water was 19 degrees centigrade. The pH was not measured.

The small creek near Moskey Basin is little more than a ditch and
drains a swamﬁ located at the Southeast end qf Moskey Basin. It is'about
1 m wide at its widest pointf The current was very slow with many small
pools forming along the course of the stream.

The samples were collected in water about 40 cm deép where the sub-
strate consisted of fine gravel with many.small sticks, leavés, and organic
debris present. The water temperature at ﬁhe time of sampling was 14.5
degrees centigrade and the pH was 5.5.

Samples from the small stream draining Lake John were collected from
a pool just before its mouth at Lake Superior. The pool was exposed to
sungshine dﬁring the day and was quite overgrown with aquatic algae and

macrophytes. The pH and water temperature were not recorded.
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Lentic habitats

Benson Lake .is a small lake formed when beaver dammed Benson Creek.l
Most of thg lakes shoreline is a bogmat. Beaver activity'along the shoreline
has produced many areas of submerged logg .and branches. Samples were taken
from around this bog area near the outlé; of the lake. At the time of sampling
the surface water temperature was 21 degrees centigrade and the pH was 6.5.

Wallace Lake is about S00 m long and 60 m wide and was formed when
beaver dammed Wallace Creek. Most of the shoreline consists of bog mats
covered with a variaty of aquatic plants. The southwestern shore cons;sts
of sheer rock walls with virtually no littoral zone. Insect samples were
collected near the bogmats and near aquatic plants. The surface water temp-
erature at the time of sampling was 20 degrees centigrade and the pH was 6.5.

.Moskey Basin is a part of Rock Harbor, which extends about 5 km inlaﬁd.
The sample site was located at the extreme southwest end of the basin.

Samples were collected off a l;rgé sheet of bedrock which was covered by a
thin film of aléae and sediments. The water temperature at the time of
sampling was 10.4 degrees centigrade and the pH was 5.5.

Forbes Lake 1s seperated from Benson Lake by a high ridge; bThe éhoreline
consists of a floating bog mat approxamately 2 m wide. Much of this bog mat
1s strewn with submerged loés. A variety of aquatic plants also grow on the
bog. Insect samples were collected near this mat ;n the western side of the
lake. The water temperature at the time of sampling was 20 degrees centigrade
and the pH was 6.0.

Samples of insects were also collected from a beaver pond on the Moskey

Basin Creek. The pond is overgrown with aquatic grasses which are covered with

-9~




a thin film of periphyton. ‘The bottom of this pond is a thick black muck.

Water temperature at sampling time was 20.5-21.0 degrees centigrade and the

(
‘,:% pH was 6.0.

-10-
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METHODS AND MATERIALS

Limnology

Vertical distributions at two locations 1in several lakes were

-
-

determined for the following-pa;ameters:ﬂtempe:ature, dissolved oxygen,
alkalinity, pH, total phosphorus, total nitrate-nitrogen, dissolved |
silicate and secchi disk depth. The following lakes were examined:
Ricﬁie, Intermediate, Siskiwit, Wood, Whittlesey, Feldtmann and
Chippewa Harbor. Temperature was recordediat one metér inter?als with
a éhermistor ?emperature probe. The remaining parameters were measured
at the surface and at several depths. Dissolved oxygen was determined
using the azide modification of the Winkler method (APHA, 1976).
AlkaliniEy;was determined by, titrating with sulfuric acid to the
phenolphthalein and bromcresol green-methyl red end points (APHA; 1976).
Short range pﬁ paper wés used for pH determinations.. Two replicate
samples from each depth were analyzed for dissolved oxygen, alkalinity,
and pH. Sodium thiosulfate was standardized prior to each titr#tion‘
period.

One saﬁple per depth was analyzed in the laboratory for total
phosphorus, total nitrate-nitrogen and dissolved silicate. Total
phosphorus was determined by a simplified colorimetric technique
described by Eisenreich, et al. (1975). Total nitrate-nitrogen was‘
determined using the Brucine colorimetric method (APHA, 1976).

Samples were not pretreated for chlorine interference. The following

changes were made in the procedure. Samples were mixed and run in

~11-




23 x 150 mm. culture tubes with mixing after addition of each reagent.

The boiling water bath was constructed of a metal yater bath with overhead
stirrod situated at one end of the bath. Heat was supplied by two bunsen
burners located under the bath, which kept the temperature above .95°C.
Atomic absorption was utilized for dissolved silicate analyses.

Standards were prepared from Fisher Scientific Company Certified SiO2
Reference Solution. Laboratory samples were kept cool but not refrigerated
while on the island and were refrigerated in the_laforatory prior to.
analysis.

Figure 1 shows the approximate location of each sampling site and

Table 6 contains the dates and sampling times for each location.

Phytoplankton

One liter water samples were collected at the same depths as those .
for chemical analyses. These were preserved with 10 ml. of Lugol's
solution (Vollenweider, 1969) and were allowed to settle for approxi-
mately thirty hours. Settling containers cdnsisted of inverted one liter
bottles with tapering necks. A funnel with surgical tubing and hose
clamp is att;ched to the mouth of the botﬁle. After thirty hours settling
time the lower 125 ml. were drawn off for laboratory analysis.

Subsamples were resettled in Wiid settling chambers and examined
with an inverted microscope using a 1000x oil emersion lens. The first
300 specimens were identified to genus while scanning 60 pm wide transects.

Only cells containing a protoplast were considered. Individual cells of

colonial species such as Dinobryon were tabulated separately while

-12-




colonies of Aphanocapsa, Chrysocapsa, Coelosphaerium and Merismopedia

were recorded as colonies. All Oscillatoria species had cells too

small to cdunt and were recorded as filaments. The individual cells

of larger filaments such as Anabaena and Melosira were recorded

separately. Small flagelates could not be identified consistently with

confidence. This group contains species of Rhodomonas, Chromulina,

Chrysochromulina, Ochromonas, and others. The group was arbitrarily
divided into two groups based on maximum lenéth excluding flagella;
those less thar or equal to five um and those greater than five um.

After counting each sample the slide was scanned at lower magnifi-~
cations to develop taxa lists f§r each lake. Vertical net (10 um porosity)
tow samples were also collected at each location and were used in com-
pilation of taxa lists. Samples from Wallace and Scholts Lakes con-
sisted of open net tows only. Absolute estimates of phytoplankton concen-
trations and biomass were not determined. All collections are available
for examination through the MTU Biology Department.

Insects

A éurber sampler and a D-ring net'were_used for collecting 1nse§ts
from streams and lakes. Both methods were used in streams while on;y,the
net was used for lake sampling. Substrates wére agitated to ah approximate
depth of 15 cm. for abouf one minute while using the Surber sampler.‘ Kick
"sampling was ccntinued for approximately 30 seconds while the D-ring_
net, and substrates were disturbed to a depth of 5 - 30 cm. depend;ng .
of the substrate's characteristics. Saﬁples from lgkes were colleéted by

sweeping the D-ring net through aquatic plant beds and across bottom sub-

=13~




strates. Insects were separated from sample debris as soon as possible
after collection and before preservation. Insects were preserved with a
mixture of 85% ethanol: 107 water: 5% glycerin. Collecting continued
from June 8 to July 4 at the central portion of the island and from
July 31 to Augqst 2 at the southern end. .. Collections were made at the
following streams and lakes: Benson Creék, wallace Creek, Lake Richie
outlet, Indian Portage Creek, a small unnamed creek entering Moskey
Basin (labled Moskey Basin Creek), Feldtmann Lake Creek, Washington
Creek, Lake Benhson, Forbes Lake, Lake John, Moskey Basin and a small
beaver pond located on Moskey Basin Creek. These locations are labeled

in figure 1. The majority of the collections came from streams.

Aquétic Plants

The qﬁalitative collection of plants was approached as a lécation
study for the inland lakes in which insect, phytoplankton and chemical
data were collected. A species list for emergent, submergent, floating,
iittoral and some terrestrial plants was compiled for each location.

The approach taken was to canoe along the entire lake shore and
several passes over the deep water areas. The vegetation was viewed
and vouchers taken for each new species seen for that location. Specimens
for protected species were not taken, but their presence was noted.
" After completion of surveilance the relative abundance qf certain species
was noted.

The processing of the plants took place in basically four steps;

~ pressing, drying, identification and mounting for herbarium. Identification

-14-




was aided by references such as Britton and Brown (1963), Fasset (1957),
Crum (1973), and Harlow and Harrar (1958). Dissecting scopes were available

for use on the island.

-15-
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RESULTS

Limnology

Figure 2 contains vertical profiles of temperature, dissolved oxy-
gen, alkalinity and pH for each lake. Sgcchi d{sk depths ére indicated
by an open cicie. All lakes except Feldtmann showed signs of thermal
stratification. 'Oxygen depi?ions are observed at the lower depths of
Richie, Intermediate, Wood and Whittlesey lakes. These deplétions ex-

pressed as percent saturation are:ca. 80% at L. Richie, ca. 57% at

Intermediate, ca. 79% at Wood, and ca. 84% at Whittlesey. The remaining
three lakes had hypolimnetic oxygen concentrations at or above 892 |
saturation. A slight positive heterograde oxygen curve 1s present at
both locations in Wood Lake. A negative heterograde oxygen curve is
present at the‘north location of Lake- Richie.

. Alkalinity varied slightly within each lake‘and ranged from ca. 18 mg/kg
as CaCO

at Intermediate to 38 mg/kg as CaCO, at Chippewa Harbor. The

3 3
pH of all lakes was below neutrality with a range of 5.25 to 6.5. The
minimal detectable pH change using short range pH paper is 0.25 pH units.
Secchi disk depths ranged from 7.6 m. in Siskiwit Lake to 1.6 m. in

Feldtmann Lake.

Mean total phosphorus concentrations ranged from ca. 43 ug/kg P°4

in Wood Lake to ca. 4 pg/kg in Siskiwit Lake. Dissolved silica concen-

trations ranged from a mean of 3 mg/kg in Lake Richie to less than 1 mg/kg
in Feldtmann Lake. Mean total nitrogen concentrations as Noj were less
than 1 mg/kg in all lakes. |

-16~
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Figure 2, These graphs are vertical

profiles of dissolved oxygen (0), temperature

(T), alkalinity (A), and pH (P). Secchi disk

depths are indicated by small circles.
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Phytoplankton

Table II contains the relative abundancies of phytoplankton at each
sampling station. Each lake had a distinct phytoplankton community.
The most numerous phytoplanktons in all lakes were small flagellates.
This group is artifically large because it contains members of the

following genera: Ochromonas, Chromulina, Chrysochromulina, Erkenia,

Chroomonas and smaller species of Crytomonas. The main differences
between lakes lies in the relative abundance of small flagellates and
the relative abundance or absence of diatoms (Centréles and Peﬁnales).
The relative diversity index (J'; range from 0.0 to 1.0) range froﬁ

.402 at Lake Richie to .763 at Lake Whittlesey. Table IIL .contains 'the
mean values of the Shannon-Wiener diversity index (H'), magimum Shannon-
Wiener diversity index (H;ax) and relative diversities (J') for each lake.

Bower and Zar (1977) define thesa with the following formulas;

' = —
H ‘(N log N Zni log Ni)

, where n, = # of individuals of species 1

N = total number of individuals

N

H;ax = log s , where s = total number of species

J' = H'/ H!' .
max

Lake Richie contained a larger proportion of small flageliauaathan
any other lake; The dominance of this group (over 96X) is reflected bf the
low diversity index. Flagellates less than five unf diameter outnumbered
larger flagellates by two to one. This lake lacked diatoms such as Cyclotella,

Rhizosolenia and others of the Centrsles and Pennales.

~ . =19~




TABLE II : , o
Relative abundancies of phytoplankton from the sampling locations.

Depths are in meters, s = surface or 0.25 meters

. .--location . ___ __Chippeva_Hatbor .____ - e Siskivit Lake . Sicod lake . .___ _ __

West Bast Vest Zast ’ North South - -
Depth S 4 8 s [} 8 s 3 5 _10 20 40 H 3 .5 10 15 20 ] 4 8 S 4 -

iz~

g gl e e o b - — -
1

. [
Flagsllates 25 microns | 213 .250 .2931.283 .293 .397|.240 .210 .220.290 .307 .423(.350 ,320 .377!.417 ,420 .4001.540 .413 .410 {.463 .423
Fiscellates <5 microns | ,340 420 .300:.317 ,387 ,3001.437_ 147, ,143.220 ,)60 280 |.267 .37 ,227 .203 .230 ,203:.323 420 .317 [.263 .333
Crclctella 043 .03 047170337 .030 L0277 167,250 123°:.143 T,103 T, 007 [, 180,140 .157 {.070 037 ,0831.040 040 “.017 |.123 ".123
Jinabrron .003 .onil.om .007 .007 .007 .010'.010 ,003 .013 .010 .013|.007 .003 .0031.013 .ggg .003 gg; .017
Yelosira 027 N 12 SR > . [, ... 040 _ e o . . 030 p o L003_ . .
kinizezclenia ~ | .017-.003 .020j.003 013 .003|.023 050 .023 |.083 .020 .020 023,010 .027 ;617 "p30 .027 {007 007,847 1.007 010
Frazilasia .017".013 .017].020 .017 ,027).010 ,037 .023,.017 ,023 .017},023 .013 .013:,017 010 .020 .010 .077!.010 .027
Tahel ... 1.0 .083 .107,.077 .033 .057; _ _ _.023 .003; . .033 1,020 _ _.-91_2_9_“_...__, I SN S
Navicuia : .003 .03 1,007 ;,00) 003 .007: ,003 .003 007 {7,003~ 003 ,003 ¢ .cC3 .003
Asterionella .027 .013 .003|.033 .007 .007 . 4040 ,033:.027 ,007 057 | .007] .027 .027 .087
Syaelra .003 ,013 _ .037 .010 .013].020 010 .0D20}.023 .010 _,013;,027 _.027_.0l3).023 030 037
FiLnuizxia . v . ' . '
Steptancdiscug .003 .007 .003 :
daarcca . . o] .047 - .|.080 ,067 [ TR .. e e e i e 00T .. .07 a
Leloarinda .010 .003 ,003|.010 .017 .020 -~ .020 .020 ,023 .003 ] .003 .ou-.gz: . 043 .o:g .020; .003 .gg; .033 g«:; .G03
[QIRR TG EY : .107 .013 .013 .013].013 .03 . .
Zemaedastes )1 .013 ... _ ..013}.,003. .027...0831 . _..om3_ . _ . g . _ ... ..o ._.007].007 007 .-,gg;J...---b.o,-_ U FORURY - > B
= ’ .050 .003 .003 . .007 . .
Ankist : .003 .003 .007 .013|.020 .010 .0M17{.017 ,020 .030{ .010 .017 .010{ .003 007 .010) .007 .010 .030)].017 .007
Bletyaentaerium  _ . ! ,073 ..040. e e :
Elreunz-fella
Cripsezonas . .023 .030 .020] .020 .013 .033] .010 .037 .017 .023 .003 .013{ .013 .010 .020{ .010 ,013 ,007| .040 .01
tallezwras . _____ | .010 . «007{. . ,010 .0t0f.. .. _ .._.007f.,010 ,003 .003({.003__.907 -  !.,013 ,007__.ol0i .007_ _.003 __ _ :.020 007 __
hephvrion .010 .007 .020{ .010 .020 .017{ .003 .007 .003| .023 .017 .020. ,027 .033] .037 .020 .007] .007 .010 .020! .003
Cocvstis | .050 .020 .003{ .017 - .010 .050 .127 .320{ .040 .150 .067| ,007 ,007 .017{ .040 .023 .017| .00 .003 .003 .
Osciiiatoris filament | = _ . _013)..02Q..007._.010)..020___ ___,017],030_ 057 .020( ,047 037 _,037; .037 ,087 033! ,020 _ _  .033; _ __.007 . \
Conlospdaeriug colony .003 . [
Aphanceapsa colony .C03 .003 .007}. .007 .003 .010 .007
Chrysecapda colony . | . ... :
Hariscopedia colony
Uicrocystis colony

Gloeocansa .. ._. . _ (PR [ ¢+ A 1 7 P DO e s emmmmim e rmemmim e e e eee e maia
Anataena .020 : S -003
Coelastrun ' '
. Tetraedron . y — . ‘

ASDETUR TR SN DR S ool

- e et e e s e f ey et e s e i) w e et mem s m—. o - pome e e e e e e e s — P Ty

Centritractus 1 003 Tooal - - 1 .003 . . : ' -003
Chodatella : . . . :
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TABLE II (cont.)

.
——loCACAon_____ Whittlesey Lake _Intermediate lske Richie Lake ___ _|....Feldtmann Lake _
West Zast West East North South North South
— Depth s 3 s | s 3 5 s 3 s}l s 13 [] g -3 5 | s 3 s | s 2 s 2
Plagellates 3 S microns| .160 197 .257].233 .257 ,217| .407 .263 .150| .560 .247 ,137( .267 ,237 ,340.313 ..247 .400|.180 .180,300 .150
..Flagellates <5 microns) .193 _.303_,223}.200 .247 .243|.327 .340 ,197}.197_,390_.190/ -.593---..7."9.,_-6.2.3..L-§67.. 2723 _.5331.470 .503 | .437 .540
Lyclotella L130 .107 [110| .077 ,080 ,093| .003 .003 .003 .003 007
nobryo! .003 .010 .007}.010 ,007 ,003].010 .040 .027].017 ,027 .017]|.013 .007 ..0G3 .010 .007 .097
3 e e | 2097 107,133 .077 .177_ _.B0}.003 _ _.,020f _ ,020 ___ {_ - & _ ..o _ b _ o _ ..
R:irosolenis .017 .020 .010].033 .013 .027|.010 ,013 .027|.0i0 .ol0 .020
Sracilaxia .043 ,020 ,020|.0t7 .013 .n27}.007 .017 .007;.013 .010 .023 .0n3
- Jasella eemee—ds007 003§ _ _.003_.007( . _ _ .0024 _ | ___ . _._._.007¢{ ~_ .003 | __ SR [,
Maicula .003 .007 .007 .007 | .003 .020].003 .003 ,010] .003 .003
Asterivnells : .007 | .003 .020 .
~ Svpeces . | S VU AP AUV YNSRI P
Pinpulacia .003
Stephanodiscus
—-Dlatoza .. JE RN DR o R DR S
Golenkinia .003 .003).020 .020 .013].007 .010 .003 .003}.003 .003 007
Cxucizeaia .013 .023 .027 .013 | .007 .007 .057 .060 | .040 .053
- SCRAPARRZUR o «010.}... 2021 U DO I PO, b33
s2adzigul T.037 .017 .007;.030 .007 .027 .003 | 003 .003 .c031.027 .053:.00) .020
Anklstrodesmus .080 .047 .077}].070 .043 .077.023 .007. .010{.010 ,020 .007 .0)0_‘ .003 .007 .007
— istxzoaphaerium . — —}2033 JoowQ0_ Y013 _ 020} . 033 __ i . .020
Kirctneriella 013 .023 : .003
Cryctosonas .017 .007 ,020].013 .023 .023).003 .010 .007|.003 .003 .007 .003 .c131.010 .
-—Mallcconas . .. |.013 .007_,023}.017 ,013 ,023).010 003 _ _ _}.0L3 _.003 _.._. 1.013 --003 {.013. 003 ..007 { 603 -.020.L. _. .007. .
Tephvefon .010 010,007 | .007 .003 .017 L007 T~ 007 013 1003
Oocvstis « j.040 .017{.017 .040
— Dscu‘.atorh.iﬂnm:.-_309.9_.-.059_..-050...:9.?.3__&.11__-!!‘9_ .915.9....1.2.57-..'_‘;3...1”Q_f.2.23.- r‘ﬁl -.09.3__.__&97 _.003_ .LNJ_.._ - .OJQ _-OOL__-OlQ_-xQO3. -
Coelosphaerium eoleny | .007 .007 - . : 003 .007 .007 }.020
Aphanocapsa colomy .023 .023 .017 |.013 .017 .o017 .053 .030 | .003 .070
—. Lhrysocapaa colomy | .010 .010 ,010 },007 .003 _.on0) __ . | o e e e e e
Meriswpedia colony . .003
Microaystis celony .003
_Glosocapsa . .| . _____ V.o ool e A . ].087 ,067.}.113 .073
Anahaena . .013 .053 .017 .047 .013
Loelaarrim .020
—Tetsacdrog _ .~ —— _ —].007 013 }.00 007 __.
Sentritractus - .010 ,003 |.007 .003
Chodatella . ) .007 .020}.003 .003




Table III

R' H' J'
max
Chippewa Harbor 0.864: 1.298 0.665
Siskiwit Lake 0.842 1.227 0.686
Wood Lake 0.639 .. 1.173 0.547
Lake Whittlesey 0999 1309 0.763
Intermediate Lake 0.695 1.160 .0.599
Lake Richie ~0.331 0.836 0.402
Feldtmann Lake 0.727 1.183 0.614

Mean values for Phytoplankton Diversity Indexes. These values

are the overall means from each lake.

Intermediate Lake contained ca. 572X small flagellates and over 28%

*

Oscillatai%éépp.. This is the only lake to contain & mean Oscillatoria
abundance greater than 6Z. At both sampling locations the relative abundance

of Oscillatoria spp. increases with depth, and at 5 meters contributes over

-45% of the phytoplankton community.

The small flagellate abundance in Siskiwit Lake was ca. 67%. Cyclotella
spp. contributed ca. 12%. The dominant Cyclotella species in Siskiwit Lake

was C. melasiroides. Oocystis sp. was abundant at the western location

and to a lesser degree at the eastern location. This species contributes
ca. 327 of the phytoplankton count at 5 meters at the western sampling site.

Wood Lake contained ca. 78% small flagellates. The only other abundant

genus was Cyclotella (ca. 7%).

Lake Whittlesey had a small flagellate abundance of ca. 22X which was
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the lowest recorded. Other abundant genera were Melosira (ca. 12%),

Cyclotella (ca. 10%Z), Ankistrodesmus (ca. 7%) and Oscillatoria (ca. 62).

This is the only lake where Melosira contributed more than 2Z of the count.
TLake ‘Mbittlesky had the highest mean J' value of 0.763. Chippewa Harbor
contained ca. 63% small flagellafes and an abundance of vafious diatoms,
The most abundant diatom was Tabellaria'zfp... "Feldtmann Lake was the
only lake having én absence of diatoms and an abundance of Gloeocapsa spp.
(ca. 82).

Relative‘abundance data are not available for Wallace and Scholts
lakes. bnly net tow samples were collected from these lakes, thus,
the samples do not contain small flagellates. These two lakes had a more

diverse representation of desmids (Zygnematales) than the other lakes.

Pleurotaenium, Euastrum, Micrasterias (Zygnematales), Gloeocystis,

Calothrix, and Achnanthes were identified only from the lakes. Wallace

Lake contéined three species of Ceratium: . C. hirundinella, C. carolinianum,

and_g.,cornﬁtum; only‘g. hirundinella was identified from the other lakes.
Absolute esfimates of phytoplankton numbers and biomass were not

determinéd; ﬁowever, a subjective estimate can be made. Richie and

Intermediate 1akes had the greatest concentrations while Siskiwit Lake

and Chippeﬁa Harbor had the lowest concentrations. Detritus was very

abundant in the water column &f Feldtmann Lake relative to the other lakes.

Table VII is a phytoplankton taxa list with relative abundances in each lake,

One hundred and férty—nine taxa have been identified.




RESULTS

Insects .

Table IV contains a summary of all insect genera collected from the
thirteen sample areas. Each genus is ligted as being present (1 or 2 indiv-
duals), common (3-5 inﬂividuals in one éample»or present in more than one
sample from the same site), or abundant {(more than five individuals), at
each sample site. Also, those marked with an asterisk (*) are genera not
previoqsly reported on Isle Royale.

The dominant insect order in the entire-collection.was the trichoptérans
(éaddisflies). This order comprised nearly 47Z of the total number of
insects collected. The second most abundant group was the dipterans (true
flies) which contributed over 25% of the total. The ephemeropterans (may
flies) were the third‘most abundant order. The eight orders of aquatic
binsects collected and their relative abundances appearjin Table 1IV.

Table IV

Percent Composition of Insect Samples From Isle Royale Lakes ahd.Streams

Lakes - Streams Overall
Trichoptera 27.3 48;5 . 46.8
Diptera 14.9 ~ 26.6 25.17
Ephemeroptera 15.7 1.7 12.0
Coleoptera ‘ 18.2 6.7 7.6
Odonata’ : 21.5 3.6 5.0
Plecoptera | _ 0.6 2.1 1.9
Hemipte?a 2.5 ‘ 0.8 : 0.9 <
Lepidoptera 0.1 0.0 0.0
=24~




The most abundant'genera are: Lepidostoma, Glossosoma, Hydropsyche,

and Cheumatopsyche (Trichoptera); Baetis (Ephemeroptera); Optioservus and

Stenelmis (Coleoptera); Eukiefferella, Polypedilum, and Simulium (Diptera).

Trichopterans and dipterans appear to be the most diverse groups with 32

and 40 genera, respecfively. Blackflies.and midgeflies may be more abundant
in streams than in lakes. Caddisflies ﬁay be more numerous in stream'samples
than in lake szmples. Stream samples had a mean of 7 + 2.7 specimens per
family per sample (n=53, s=15.0). Lakes had a mean of 2 + 0.6 specimens per
family per sample (n=13, s=1.6). A modified Student t-test produced a
criticél value of 1.300. The table value at 90X confidence level is 1.295.
Benson, Wallace, and Feldtmann Creeks cohtained more blackflies and midge-
flies than did the other streams. Midgeflies were especially commoh in
Feldtmann Creek.

The total numbers of insects per sample were low compared to samples
obtained from similar habitats in Houghton County, Michigan. Richard Bowden,
whiié conducting field research on Isle Royale for his masters thesis (June-
October, 1979) obtained similarly low total numyers per sample. (Personal
communication). Total numbers of.insects per sample for the isiand streams
were generally less than one hundred while mainland streams generally

yielded more than one hundred insects per samplé.

_25_ .




DISCUSSION
Limnology and Phytoplankton
The phytoplankton community of each lake is distinct from that

4

of the other lakes. The major differences are Fhe relative numbers of
small flageilates, the occurence or abéence of dia;oms (Centrales and
Pennales) as dominants, and the occurrence or absence of certain diatoms
and blue-green algse (Cyanophyta). The‘dominance of small flagellates
is somewhat arﬁifical because several genera are represented is.each
subgroup. The grouping of these genera also lowers the diversity indexes,
but these indexes are none the less useful when comparing these data.

It should be stressed that small flagellates dominate the lakes
numerically and may not be volumetrically dominant. One Cyclotella
bodanic#ncell may equal the»volume'of 900 flagellates with a diameter of
five Um. .

Hutchison (1967), Palmer (1969) and others have attempted to
categorize phytoplanktoh groups as indicators of the trophic status of
lakes. Taylor4et al. (1979) in a study concerning 250 southeastern U.S.
lakes have identified a nutrient-rich group of gehera and a nutrient-poor

group of genera. The nutrient-rich group included Chodatella and Golenkinia

while the_nutrient—poor group contained Asterionella, Tabellaria, Dinokryon,
and Ceratium. Of the 57 most common genera no single genus could be
classified as indicator organisms. Truely oligotrophic lakes did not occur
in that study. Rawson (1956) suggests that specific indicators of

oligotrophic habitats may not exist; those plankton found in oligotrophic
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lakes may be the residue of those specles that are tolerant of a wide
range of éonditions and may also thrive under meso~ or eutrophic
conditions. These studies have not considered the nannoplankton

(those less than ca. 20 um; the categories termed 'flagellates'

in the present study). Hutchison (1967)‘points out that the dominant
species numerically and/or volumetrically may be a member of the nanno-
plankton not gollected by techniques used in earlier investigationms.

In addition to the small flagéllates, Siskiwit Lake was dominated

by .Cyclotella melosiroides with subdominants of Asterionella,

Rhizosolenia, Oqcystis and Oscillatoria. Hutchison (1967) describes the

first three taxa és characteristic dominants in some oligotrophic lakes
and further states that certain large unproductive lakes throughout the
world have Oocystis species as dominants. Siekiwit Lake had a mean

Oocystis abundance of over>7z and at one' particular depth this genus

contributes over 30% of the total. Oscillatoria is generally considered

a more eutrophic genus; however, Fahnenstiel (MS theésis in progress) has

found 0. limnetica and 0. minima common in ;ffshore waters of Lake

Superior. .
The phytoplankton community of Wood Lake is similar to that of Siski-

wit Lake; however, the only dominant diatom is Cyclotella operculata.

C. melosiroides was not recorded in Wood Lake. The oxygen maxima observed

~ at 4 m. in Wood Lake (figure2 ) was probably due to increased photosynthetic
rates.,'Oxygen maxima of this type are commonly observed at or just above
the thermocline (Wetzel, 1975). An increase in total numbers of phyto-

plankton at this depth cannot be determined from these data.
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The alkalinity and secchi disk depths of Chippewa Harbor, Siskiwit
Lake, and Wood Lake are greater than those of the other lakes. ‘Siskiwit
Lake seems to have the lowest nutrient concentrations of all lakes examined.
Melosira is considered indicative of meso- and eutrophic habitats
with M. granulata seldo%gccuring in olig?trophic'waters (Hufchison, ibid).
Lake Whittlesey is the only lake where M. grénulata was recorded (Table VII).

This lake was dominated by several Melosira and Cyclotélla :species with

subdcminants of Ankistrodesmus and Oscillatoria. Lake Whittlesey had the

highest diveréity index. This is partially due to relatively low
number of flagellates.
An interesting observation concerning the phytoplankton of Intermediate

Lake is the increasing abunddnce of Oscillatoria with depth. This may

be due to sedimentation and/or light and temperature preferences.

_Some species of Oscillatoria are known tb have optimal growth at low
temperatures and low light intensites (Hutchison, 1967). These species
may ;ause algal blooms in winter or shortly after the ice thaws in spring.

Okygen’deficits in the deeper waters of the lakes (most noticeable

- in Intermediate Lake, figure 2 ) are the’rgsult of aerobic decompostion.
This is indicative of productive waters. The oxygen minima at 3 m. in
Lake Richie (north)'may be related to thermal stratification and/or
differential settling rates of deccmposing organic matter. Organic matter

may be accumulating just above the thermocline (ca. 4 m.) and reducing
thé oxygen concentration through increased decomposition. The oxygen
préfilé may be ;he result of temperature alone; at both 3 and 5 m. the

oxygen saturation is 82%.
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The major differences at Feldtmann Lake are the abundance of
Gloeocapsa and the absence of diatoms. Hutchison (1967) treats Gloeocapsa
as Anacystis and describes it as an eutrophic form of productiQe temporate
lakes. ' Scenedesmus 1s described as a warm water form (Hutchison, 1967)
and is a subdominant in this lake. Dia;pms were scarce in Feldtmann
Lake; omnly éeven taxa were identified compared to an average of twenty-two
diatom taxa per lake for the other lakes. Low diatom numbers are probably
the result of seasonal succession described by Hutchison (1967) and Wétzel
(1975). Duriﬁg spring o?erturn there is an abundance of dissolved
silica (diatoms require silica in the formation of their lorica).

This abundance produces a spring algae bloom commonly dominated by diatoms.
As this initial nutrient supply is depleted the diatom dominance-subsides
and green (Chlorophyta) and blue-green (Cyanophyta) algae become more
numerous. The low concentrations of dissolvéd silica recorded at Feldtmann
Lake»support this. This lake probably doesn't stratify to any degree
during the summer because the lake is shallow and unprotected from pre-
vailing winds. These circumstances allow mixing of the water column
throughout the summer. Figure 2 indicates no therm#l stratification even
thoﬁgh the water temperature has risen above 21°C. The large amounts of
detritus éﬁspended in the water colﬁmn are a result of continuql mixing
and turbulence brought about by wave action.

There seem to be trends associated with the relative abundancies of
flagellates with depth. At one or both sampling locations in every‘lake
thg percentage of fiagellates less than 5 ym is at a maximum near 3-4 m. .

Their abundance at the surface and the third sampiing depth is less than
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af intermediate depths. These observations may be the result of inter-
actions betveen these small phytoplanktons and light, temperature and
sedimentation. Ultraviolet radiation is greatest near the surface and is
known to be detrimental to many algae -(Wetzel, 1975) and Goldman et al.
(1963) have demonstrated photoinhibition of phytoplankton at high light
intensities. The ecology of these smali flagellates is not well under- ¥
stood. Their importance in lake metabolism is probably greater than is
generally believed, especially since they may produce dense populations
at low temperatures and light intensities (Wetzel, 1975). *

~ Prescott (1937, 1938, 1939, 1940) and Taylor (1935) have examined
algae samples from Qallace Lake and others on the island. Prescott has
published a list of desmid flora for the island including many state
records and several'North American records. Throughout the collections
of the present study many genera could not be identified at the species
level with available keys. Commonly the dimensions of Isle Royale
phytoplankton were outside the minimum and maximum of the range of published
values. Severél specimens were quite different from published des-
criptioné. Séventythree épecies or genera have been identified that do ﬁot

appear in the lists of Prescott and Taylor.

.
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Aquatic Plants
Several lists have been compiled of the known vascular plants of Isle
Royale National Park, the most recent and extensive of which is a tenta-

tive list by Dr. Robert Janke, Michigan Tech and Dr. Edward G. Voss,

Univecditg o N :
P&GME&% Several new species can be added to the list

by this study at this time, with other é;od possibilities (*) yet to

be verified, .. . These specimens along with others missing from
the I.R.N.P. herbarium as vouchers will be given to the park herbarium.
The Michigan Tech herbarium received specimens in both the aquatfz.blant
and byrophyte.herbarium.

- Lemna minor L. South end Benson Lake and Wallace Lake watershed
| near Moskey Basin
Eleocharis pauciflora (Light £.) Link Wallace Lake
Pofamqgeton robbinsii Oakes. Lake Richie

*P. spirillus Tuckerman. Lake Richie, Lake Whittlesey
'fg. pusillus L. Newt Lake, Wallace Lake, Feldtman Lake
: Intermediate Lake

*P, strictifolius Tuckerman. Wood Lake

*Isoetes echinospora Durieu. Wood Lake, Feldtmann Lake, Lake Livermore

*Lycopus virginicus L. Wood Lake
*Ranunculus Purshii (Gray, B&B, Rydb.) Lake Richie

*Cardamine pensylvanica Muhl. Wallace Creek

A specles list by location and relative abundance of some species
is found in Table ' IX, in the appendix.
New bryophytes include:

Anomodon rostratus Hedw. near Newt L. and Moskey Basin

Calliergonella cuspidata Hedw. Wallace Lake

Grimmia apocarpa var. stricta Turn. near Newt L. and.Mbskey Basin
Dicranella -schreberiara Hedw. near Newt L. and Moskey Basin

Mnium cuspidatum Hedw. Wallace Lake
' ) -31-




DISCUSSION

Insects

Dipterans and trichopterans may be more common in lotic than in lentic
environmefits (TableIV'), while the oppogite may be true for the members of
the order Odonata. This might Be expected on the basis of the general
habitat.preferances of these groups. Dipterans (e;pecially blackflies)
and most of the trichopteran genera collected prefer lotic erosional hab-
itats, while dragonflys and damselflys prefer lentic or lotic depositional
environments. (Merritt and Cummins, 1978) | |

The results above may be biased due to a more concentrated sampling
effort in the stream habitats. Out of 57 samples taken, 46 were from @
streams. A more equal proportion of samples is required to make accurate

comparisons. *

Many of the stream samples were takeﬁffrdm Beﬁson Creek gecause of
its nearness to Daisy Farm Campground. - These samplec contained very few
aquatic insects. Tweﬁty eight samples yielded only about three hundred
" insects-many of.them being dipterans. One possible reason for the low
insect numbers in tﬁis stream 1s that a flood which was reported in early
June may have reduced insect numbers. The effect of floods on insect
populations is.well documented by Hynes (1972) among others. A second
possibility is that the insects can not withstand the periods of reduced
water flow which occur in Benson Creek. The creek has been reported to
dry up in late summer.

The samples taken from the southwest end of the 1island, (especially

Feldtmann Creek), contained many more chironomids than did any of the other
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samples. This difference could be the result of many factors - the most
-1ikely being time. Feldtmann Creek was sampled on July 28, while the other
streams were sampled during June. Richard Bowden found that the two most

common genera - Eukiefferella and Polypedilum - ,were most abundant in

island streams during July and August. (Eersonal communication).

Two other factors may have affectéd the<chirqnomid population differ~
ences between the two areas. Since many of the early larval instars are
planktonic and hard to capture they may have been overlooked in the samples
from Benson, Wallace, and Lake Richie Outlet Streams. The swift current
of these streams may also have limited the chironomid fauna since the
least extensive chironomid fauna are found in habitats exhibiting extreme

conditions of flow, salinity, temperature, etc. (Merritt and Cummins, 1978).

The genera Nymphula, Dixella, Anqpheles,.gyperodes, and Dasyhelea were

not common in the samplés. This rarity is probably due to sampling tech-

niques than any other reason. Nymphula, Dixella, and Anopheles commonly

llive in the surface film of ponds and puddles and thus may have been
missed. - Hyperodes usually is semiaquatic, living on aquatic plants. Dasyhelia

'13rva are extremely small and thus may have been overlooked.



"WALLACE LAKE AQUATIC PLANTS

Introduction

Wallace Lake was selected for a percent cover study of its aquatic
vcgetation.because of its accessibilityf‘size_aﬁd the variety of
plant species. §tratified random sampling was used to gather data
useful in visualizing the vegetation zones of the lake. Sampling was
conductgd from the deep water to shoreline areas , including floating
bog mats and an area adjacent t5 a beaver dam, to determine the plant.
species present and estimate their percent coverage.

Study Site Description

The lake area at sampling time is approximately 80,000 sq. meters.
The greatest depth in the center of the lake was 3.4 m., which is some-
what greater than what was reported by Humpheries (1962)(Table 1). This
is probably due to a rise in lake level caused by beaver dams.
Numerous floating mats form a discontinuous chain barallel to the northern
and western shores. The region between the mats and the shoreline con- -
tained water choked with log snags, deadféils and numerous floating and
submergent plants. This area was browsed by moose daily during the sampling
period from July 8 to July 22,

| The southérn shore was relatively free of floating mats and much of

the shore is bounded by rock walls. There were two beaver dams on the

lake: one on the southeastern shore and the other at Wallace Creek, the

" major outlet of the lake.

The mean afternodon water temperature at a depth of ca. 50 cm. was
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23.8°C and the pH was 6.5.

Methods

Random stratified sampling began by establishing a baseline (bearing -
N 82° E) along the northern shoreline. Metered nylon twine was used for
distance measurements. Using the length of the baseline and a topographic
map the.lake was divided into seven art;fical-regibns of approximatgly
equal surface area and shoreline distance. A sampling transect extend-
'ing across the lake perpendicular to the baseline waﬁ;andomly located
within each of these seven regions by drawing a number from a hat. An
additional sampling transect pgrpendicular to the seven sampling transects
was located at both the east and west ends of the lake., Two other
transects were established: one in a small inlet at the southeastern
end of the lake and thé‘othef below a beaver dam at the Wallace Creek
source. The transects were established for sampling by stringing a nylon
cord across the lake and fastening at both shorélines. The plots were
located along each transect in the following manner.

The shoreline zone reached from the water's edge to water 0.5 m.
-deep. The shoreline plots were the depth of the zone and of randomly
selected width ffom 0.2 - 1 m. and centere& on the transect line.

The next zone was called the emergent zone and continued from 0.5 m.
" deep water to the outer reacheg of the floating plants. The length of
this zone was the combined lengths of both emergent zones from opposite
shores. There were nc emergent zones adjacent to rock walls. A minimum
and maximum spacing was selected for each tramsect so that each emetgent'

zone had three evenly spaced plots of randomiy selected interplot épacing.
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The plots were bounded for observation by a wooden lxl m. square frame.

The deep zone contained’few or no floating plants. and was continuous
throughout the lake. The length of the zone was measured, a maximum
and minimum spacing established for that particular transect and the
spacing for the lxl m. plot randomly drayy. Plant abundancies were
estimated by.visual observations or by érapple GOOR sampling. When using
the grapple hook plart abundancies were estimated as abundant, common or
sparse, depending on the amount of material brought up by repeated grabs.
Wwith no underwater observations these methods served as our only visuali-
zation of deep water plots. Much of the emergent and deep water sampling
was from a canoe.

The mat zone was sampled as a portion of the emergent zone and as
a separate zone. When we recognizedvthat the mats were not well repre-
sented with our sampling, we selected locations for three additional plots
aiong an unsampled portion of the mats near the northern shore. These
1x1 m. plots were randomly spaced and sampled with the same techniques
as above.

The area adjacent to the beaver dam was sampled with six plots
located on a grid tfansecting the area. The same procedures as above
were used to estimate percent coverage of the plant species.

With all sampling any given species would have to be present in
an amount greater than 1% surface area (total coverage of greater than
100% werebpossible from overlapping plants) to be tallied. The presence
of the other species were noted for the location species list. Vouchers

were collected for unknown species of sample plots for later determination.
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Cluster analysis of the.plot data used the Jaccard coefficient of

associlation. The coefficient is defined by the equation:

Sj = —;1%IE_ v where a, b and

¢ are standard notation for a 2 by 2 contingency table as shown below,

-

taken from Kaesler and Céirns (1972). .

species 1 present  absent
species j present a b
absent c d

The computér prgram used (G.F. Bonham-Carter, 1967) would basically
compare species prgsent in a plot and a different plot to develop a
similarity coefficient. The coefficient range is 0.0 to 1.0, 1.0
being an.!identical match of species. The cluster of the similar plots
is then plotted as a dendrogram, where zonation patterns, if present,
may be visualized;

The cluster analysis included as parameters the quantitative plot
data including presence/abqence and weightiﬁg of selected species having
a large range and frequency in plots sampled. The weighted species
either received 2 or 3 columns and the scale was one of the following:

3 column 1-10%, 11-50%, 51-100%; Graminae and Cyperaceae stem counts,
0-100, 101—300,‘301—up; Equisetaceae stem counts, 2 columﬁs, 0-50, 51-up.
A table was constructed of all ghe columns for each species vs. the plots
in which it was located. |

The presence of a species in a given plot of a presence or absent

column would be indicated By a2, wﬁile an absence would be indicated by
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found in one or more of the zones visible in the Wallace Lake dendrogram.

Table V

A listing of the frequency and percent cover of given taxa
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Tigure 5

Wallace Lake Aquatic Plants
Jaccards Coefficients of Association
Unweighted Pair-Group Method

Sample plots vs. Similarity coefficient
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What had appeared to us to be one region, the floating plant and emergents
the dendrogram showed as 2 regions, an emergent littoral and a portion
of a batchy deep zone.

A Table of species percent cover and frequency in plots located in
one or more of the five zones defined by.the dengdrogram showed the
following prominant species in each lake zone (in greater than 5%
abundénce in the given zone):

A. Emergent Shoreline- with grass hummocks

Alnus rugoéa, Menyanthes trifoliata, Potentilla palustris, Bryopsida

(non-Sphagnum mosses), Polygonum natans, Equisetum arvense, E. fluviatile,

Eleocharis spp., Cyperaceae and Gramineae

B. Emergent Littoral- with grass hummocks

Hypericum ellipticum, Chara sp., Sphagnopsida (Sphagnum spp.),

Brjopsida, Nymphaea odorata, Sagittaria spp., Equisetum fluviatile,

Dulichium arundinaceum, Cyperaceae and Gramineae
C. Beaver Dam- with grass hummocksA

Impatiens sp., Thalictrum sp., Eupatorium maculatum, Typha latifolia,

Potentilla palustris, Sagitarria spp., Equisetum fluviatile, Cyperaceae

and Gramineae
D. Floating Mat

Alnus rugosa, Ledum groenlandicum, Menyanthes trifoliata, Chamae-

daphne calyculata, Filicales (ferns), Potentilla palustris, §ghégnum spp.

- Nymphaea odorata
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E. Patchy Deep

Chara sp., Utricularia vulgaris, Polygonum natans, Nymphaea odorata,

Nuphar variegatum, Sparganium sp., Potamogeton pusillus, P. zosteriformis,

P. natans, P. amplifolius, Eleocharis spp.
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SUMMARY AND CONCLUSIONS

All lakes except Feldtmann showed signs of thermal stratification.
Oxygen deficits in the deeper waters ( most noticeably in Intermediate Lake)
are the result of aerobic decomposition jindicative of productive waters.
Siskiwit Lake seems to have the lowest ;utrient concentrations of all lakes
examined. All the lakes are probably susceptible to acid precipitation
damage since ail lake pH's are acidic and the buffering capacities are rel-
atively low.

The mainvdifferences between lakes when considering phytoplankton
lies in the relative abundance of small flagellates and the relative abun-
dance or absence of diatoms. A subjective estimate of phytoplankton numbers
and biomass shows Richie and Intermediate Lakes had the greatest concentration
while Siskiwit Lake +and Chippewa Harbor had the lowest concentrations.
Organic detritus was very abundant in the water columﬁ of Feldtmann Lake
relative to the other lakes.

The insects were found to be in relatively low numbers and diversity.

The dominant insect order was thd trichopterans. Dipterans and ephemerop-
terans were.also relatively abundant. The trichopterans and dipterans

f showed the most diversity in terms of genera. Previous studies principally
dealt with families and were not extensive. This study adds many new species

and genera to the taxa lists.

Cluster analysis of the percent cover data of Wallace Lake aquatic
plants shows five vegetational zones with different plant species dominating
£1ach zone. .
Plant taxa lists show several new aduatic plants and bryophytes which

were not previously reported for the island.
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o
:

Future research should include similar studies (Limnology, insect,
and phytoplankton) at other areas of the islan¢ since only a small portion

of the island was included in this study.
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Table VII

This list has been compiled from the population counts, entire
scans of concentrated whole water samples, and net samples. The xxx
and xx catagories are based solely on the mean composition at all
stations and depths from the enumerated samples. The x catagory re-
presents a mean abundance of less than 17 from the enumerated samples
and/or taxa identified from any sample type.
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S. Bijupa (Turpin) Lagerhaism x x . x x
3. quedriceuds Turpin = = x

3. serrstus (chorda) Bohlin x

Selenastrum pracile "“NICh » =

Tetracdron spp. Kuetzing x x
3. caudotum (Corda) Hanunirg -

Janctonicum G.M. Smith . x
_‘[. %ﬁm.vuell) Nnnngleg x
'l'r:ub-rh Sernard - x

# « (A.Braun) Lagerheim . .
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Table VII

Chrysophyta

Ja., oHeterococcales
Centritractus dubfus Princz

Characiopeis wpp. Borzi
Ophiocytivm spp. Naegeli

- Haterosiphonales

Botrydium granulata Greville
Botryococcus brauni{ KXuetzing

Chrysomonadales

Cryptomonas spp. Fhrenberg
Dinobryon spp. Ehrenberg
. bravericum Imhof
. eylindricum Imhof
. divergens Imhof
. sstularia Ehrenderg
D. sociale Ehrenberg
D. stipatatum

” - kephyrion spp. Pascher
Mallomonas spp. Perty
5. arcaroides Perty

. M. pseudocnronsta Prescott
+  Synura uvcﬂa l:hnnb.r;
Chrysocapsalas
. Chrysocapss spp.

Centrales
: Attheya opp. T.VWest
Cyclotella spp. Kuetzing
€. antiqua We. Bmith
C. bodanica CEulenstein

Pascher

C. melosiroides Lemmermann
C. penaghiniana Kuetzing .
C. operculata (Agsrdh)Kustzing .
Melosira #pp. C.A. Agardh

- H. crenulata (Ehcenberg)Kuetzing:

H. distans (Elirenbern) Kuetzing

M. gronulata (Fhronberg) Ralfs
M. ftalica (Fhranhery) Kuetaing
lhimsnu\nh artcnstin HL Smith
‘ ghnnmﬂarus P Fhrmberk
s. niagnrac Fhronherg
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Table VII (cont.)
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l_ E Tow - §
2ygnematales e e — e
regegmyn spp. Fhrenberg : x  x . x
e spp.  Nitzuch . X ! x
o Srebiswon : . i
spp. Corda . . 1 X x
. gon twm Delponte 1
® app.  'C.A. Agardh '

3 v DuBary ; i
1
!

?’_:r PP, (!hrcnberﬁ Ralfs .

. L’.ﬁlﬂ: Arobiason s -
. Lad . . .

5 Sinvosum :

torygon #pp. De Bary

8 I3 app. Ehrenberg x x
'  (J.E.Smith)Brebisson x
m&’ﬁ%’lpp. C.A.Agardh : X
M. fots reville) Ralfs ,
j 3 - wa grahecula Naegeld
wlﬁupp. Brebisson x x
. pypmagum  (Cooke) W.West x
Stayrgstrum Meven R I x x

3. gnrvatym W.Wost

§. guspidatym  Brebisson’ . x
. 3. gracile  Ralls . :x x
3. p ! x
8. pu a Brabisson ;
I 3 ] '
3 i
Cyanophyta ;
Chroncoccacese . ! .
apss Spp. Nasgell x x x xxX
g_'!&!l‘.’_?! #p.  Naegeli ) [
roococtus #PP.  Naegeldl . o=
elosphaerivm spp. Naegeld x x x x
osocapsa app. Kuotzing x x x
Herismopadia wpp. Meyem x - =
H. sisgans A, Bruun ; ;
M. |i|u¢l (Ehronbery) Naegeli . : .
Etangq- spp. Kuatsing x .
Oscillatoriales . l .
Anabacna spp.  bory x . ox ! i oxx
wlothrix ap. C.A. Agardh . )
Closotrichta »p. J.G. Agardh i i
gbya  #pp. Aprdh o R oo
Wostoc  wpp.  Vaucher ! :
Onefllatoria wpp. Vaucher x ! am o oxx
Spirulina upp. Tuepln . \ '
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A 1list of all genera of aquatic insects found

their relative abundance at each sample site.
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‘Table VIII

common

e
uosuag

e
s3910§

xxx - .abundant

apsdg
.Kﬂsc,;
L]

RETELY

wor e

1231
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23e1TEx
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FYITE v

19919
sivazog ueypuy

upseg Lagsoy
%331) T1eTS

2e21)

uuraiptez

8919

wojBuyusen

Order Plecopteras
Amphinemura Ris
Isoperla Banks
Leuctra Stephens

*
chleuctr: Ricker

Ordar Fplemoropters
Baetis Leach
Caenir Stephens
Ephemerella Walsh
Paraleptophlebia Lestapd
—_—re s
Stphlonurus Eston

»
Siphloplecten Clesons
Stphloplecton
Stenocron Traver

L 3
Stenonema Traver

Order Cdonsta
Aeshna Fabriciue
Moyeria Hc&achlnﬁ
Calopteryx Leach
Cordulegaster” Leack
Dotecordulln. Heedhan
Enallagma” Walsh
Helocordulfa Needham
lggggg.‘Needhan
_Leiten* Hagan
Ltucorg@!n{g. Brittingey
Libellula” L.
Nehaleanta” Needhnn
Ophirpomphus S3lys
Sumtochlora Sciys
'Ordir.Trichopteza
Agapetus Curtis
. Agrypnia Curtis
Annholin Stephens
Asypnrchun Mclachlan

Coraclea Stephens
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_Table VIII (cont.)
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oyseg Lanson

Order Trichoptera (cont)
Cheumatopsyche Wallengrqn ’ XXX

' - Chimarta Stephens
Cytncllua. Banks

gﬂ_ﬂe_c_t_tﬂ:. Westwood ) X
Dolophllodu. Ulwmer X

Glossosoma Curtis : .

Srensts™ Ross
_Hiliroplyche von SlcbolJ
&_datophyhx. Wallengres
&dropsyche * Pictet AXX
Ironoquia Banks
Limnephilus Leach X X
hpidostou.hnbur
Molanna Curtis
Mystacides Berthold
Neophylax McLachlan
Ochrotrichla Mosely
Oecetia Mclachlan X
gnocoum_c_ug_. Banks :
Polycentropus' Curtis . x
Potamyia Banks : X

*

t 5 z .

X P-fudos eno;: v 1a Fynov .

Pycnopsyche fanks X
»

Rhyacophila Pictet X

Triaenodes McLachlen. b 4

Bl

Order Hemipters )
Belostoma latr, X
Gelnsfncorh Kirkaldy . c X

 Gerris Fabriclus XX !

. Notonecta L. . X

Trepobates Uhler
Trichocorixa Kirkaldy XXX

Order Coleoptera
"Agabus Loach - x
Celina"Avbe 1o«
Colymbeten” Curtls P

__ Dlueutin Macleny A xx
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Table VIII (cont.)
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ey
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STYITY exey
x2219 T7was
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Order Coleoptera (Cont.)
Dytiscus’ L. o
.ﬁ!mu. Gentiroy b 3 : X
m. Latreille X xx
_&droehnn. Berthold .
unerode-. LeConte X
_Lﬁgo_rp_l_l- Des Gozis
Mﬁugogtlru!.'(J Balfdur) x>

rown i
@ptioservus L.
Peltodytes Regimbart X . . X
Stenelnis Dufour . '
J_‘gp_gmm!. Solier X
Ozder Diptera
Ancoholes Metgan x
m_m‘ Kieffer
' mm.xicﬂcr
Brillte*Ricffer
Cordiocladive Kieffer |
Q;mm.}kuln R
mmn'&ts-n
Cnephis putats” Malloch , x

”

]

Coxypnopcura* Winnerts: X
Sxisg_mm;‘v.n der Wulp ’
W.Kleﬂct x
amma‘zmermu '

m.éu;' Dyar and Shsnngn x
Edetfexella’ zaveel - N -
Euslmuliup auziua’ Friep _ x
M@M. Kieffar| ’ . .
'.kr.q.ta.

_Limnophtla Macquart - X
m_us_m.l(leﬂu
nu.m.tmsiln.u' Kicffer
mhqs,lmna' van der

*  Wulp
Iorametelocnenus

Polypedilon” ﬁ?ﬁf!&?"““ XX
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Table VIII (cont.)
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Order Diptera (Cont.)
_s_iu_n_u_u_-_ decorum
8. jcnuingsi Mallioch
8. tubcrosum Lundstroem X
8
E
Snlttlntﬂolmgrcn
Stempellina* Bause
. Tabanus L. X X
i _Tln!tlt!ul* Van der Wulj
Thienemanniells’ Kieffe
Tri--oclldius. Kieffer
Subfanily Tanypodinae
Tribe Pentaneuring b 4
| Order Lepidoptera

Kymphuls X X

Venustrum verecundum
vittatum ZitterStide
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Table IX

Aquatic Plant Taxa List

Lateduediate lake
late
Laks Richte

Petétaman Loke

allace loke
Welluce Creeh

1

Suaner lake
Laka Witciesey

i

BOUISETACEAL
Jquisev arvenas L.
B Qlwvtatide L.
B sivpeiden Nicha.

o, x r Pz L}

1SOETACIAL
Iresges or.

TYPRACEAL
"Trrke latffolta L.

SPARCANIACKAL

. Epoxgemine (lustuans (Mereng) Bebineen

5. sfairs (Rarta.) Pries

POTANUCETONACEIAL

Petamopeies soplifelive Tuckyrn.
22idrse tat.
Arasfseus L.
satns L.

2espazifgrmis Ferm

I e

[obhinsl{ Oskes
S2Arilind terbermse

fichagiouniy (Sesa.) Rydh.

Sheustfo)tus Nere. & Kaeh

I_I-.

z-n

NAJADACEAL

Balas flenglse (V1114.) Rusck and Schaide

AITCEAT
Bagiztoria consats Shalien

-_— 2

© B Jesklslle

CANBACAL

Salewstrostis camadensts (Nicha.) Beaww. 1 |z z IS

¢ . ginmotdes Munl
Panthonts spicata (1.} A. and 5.
*  Elygeris gcanydemejs (Michaun) Tria.
&+ beges]ts Olush) Botch.
£ s3uiagy (lem.) Mitche.
Asressts Myessige Cwiter) Bsy
Per glagcs Vel

L]
.

2. pelusprig L
Soren sueea Mate.
£._bebdt (Paily) Pers.
€ sameacence L.
G- gaphalantes (Bailey) Bleha.
€ shordersitys L7,
’ [ w; Ters. probably’
& dianira Schwank
€ intecier Sailey
S Iavweracons Medge
& lostocarpy Ovrb.
£, Jeaticularts Micha.
S Lingsy &
& gestersa Schw.
& gpustrage Stehss
L. stiprss VILLY.
€. Yigkiuls Wehe.
& Jepsonsivia Fers,
& anguaties Mack.
§- stetiats las.
£ griviatells Britcon-prebably
Delihian areatinecesn (L) dricton
Blsecharls mmit)y Bessson
* L. payciflora (Lighe L) Lisk
Rsjepipras ceastle WBI Noch
Mvnrknanova alhs L.} Vehl
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Table IX (cont.)

lstersadiste Lake
tlabe
Lake Rishie

Telétnana Lake

Tailece Lohe

Wellace Croek

Semmer Lobe

Labe shictlensy

ABACPAE
Lalla patwareis L.
Syntlecarpus feettdua (L) Murr -

;

LEMEACEAL

ERIOCAILACHAE
Brlecauion septangvisre Wieh.

JNCACEAT:
Luzsla scurinats Bat.
_Jn_.iu_c_ Srevicamdstue (Sageln.) Porm.
. tewile WiLM.

Spreageat
fris versicelor L.

WRICAMACIAE
Nyvies gale t.

BETUUATEAE
Alsue ruyors (Sukel) Spreng

POLTCONACEAL

Pelygonum narens Locen
2. ailincde Nichs

WEPW.EALTAR
Huphar variegatve Sagels.
JAymphasa sderats Alr.

BATVNCULACEAL
Calshy palmarste L

Agnueculue -
Thattctswm desvearpun Fisch. & lall.

CRECIFIZAR -
smqipilng peiaylvaates B2, T

BARRACENTACEAY
. saryssests pucpures 1.

Reesary soryndifolfy L.

BOMACTAR )
Jeseutilis peluesels (L.) Sesp.

Jeparicyn sp.

WALORAGIDACEAR )
' Hreieshr)ye tonellym Sigeld.

BIPPORIDACEAZ
Risevzis yulserin &

DENLIFL
2ier guave Vale.

comuces
Satuas agelenifcrs Micha.

ERICACIAR
Avdcopads slavcophylly Lisk.
Shavazdapiing solyeiatg (L.) Mesnch
Zalels paltfnlle Nesg.
- dagelnlus macrosarpey Aft.

PRITACTAE .
Ixaimachis gereratele (L) BSP
tu tbeysifiees Lo

OENTIASACEAL
Meayanthes Jeifollons .

LABIATAR )
" ANECRYY sangiconus Mukl.
Je yajfinres Ricks,
‘Sewtsilarie epilubiifolly 4, Neatltes
3. tateyiling L.
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Table IX (cont.)
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l 1 i3 ; 3 i
! Fle tE 14z |3 ] i
me.';uuau
. Umutssle vulisgis &
Urgieylavd; giube L. 3 3
] z L 3 3 3¢’
x
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WBlACLAL
Eallup op. L
CAMPANRACTAL
Saspanuip op z 3 z
COwOSITAL
Jupsterive ap 2 3
LOSEY 1ACKAR
lobel)y gortmenny L. L]
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