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Introduction

In recent years, state and federal agencies have
developed water impoundments primarily for the purpose
of flood control, water storage, and hydro-electric power.
Public recreation areas and varied wildlife habitats have
come about as adjuncts to these projects. Wildlife has
often benefited but in some insténces these developments
have been detrimental rather than beneflicial. The many
dams built on the Pacific coast rivers have seriously
affected the salmon population. All too often the planning
phases of these projects have not given due consideration
to wildlife.

Here in Michigan, water impoundmeht projects have
become integrated into the pfégram of wildlife management.
These completed or planned projects are not large in size
but they have been designed to improve, create, or restore
areas for wildlife utilization. This practice of water
impoundment is in keeping with the concept of best land
use providing the act of flooding will yield the greatest
possible returns.

Many of these projects are located in the northern
part of the state where much of the land's value lies in
the wildlife which 1t produces. The number of projects

which have been completed to date is not known but between
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1949 and 1950, 10 low-head dams were built and engineering
surveys were completed on 14 others (15th Biennial Report,
Michizan Department of Conservation);

The planning of these projects; the preliminary surveys,
and the actual construction of the dams are but the initial
phase of management. These floodings should be actively
managed in order to insure a high level of production but
only by studying the natural processes, which follow
flooding, can techniques be evolved for sound marsh manage-
ment. In other words, more needs to be learned of the
dynamics of a newly created aquatic habitat in order that
future projects may be intelligently and successfully
managed.

The Dead Stream Flooding Project is located just west
of Houghton Lake, Roscommon County (see map I, page 3).

The flooding proper includes all orAportions of Sectiéns 4,
5 6, 7, 8 9, 17, 18, 19, 20, and 30 of T23N, R4W. The
extreme southern portion of the flooding extends into
Section 25, T23N, RSW, Missaukee County.

This paper is the culmination of a study of the Dead
Stream Flooding which began in July of 1950 and ended in
March, 1952. This study was financed by Pittman-Robertson
funds during July, August, and September of 1950, but
further independent research was conducted by the writer

in October, 1950, and for limited periods in the spring
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and summer of 1951 and in March, 1952. The Game Division
of the Michigan Department of Conservation furnished a
motor boat and duck boat for use in the survey and also
made available the department's airplane for inspection
of the area from the eir. |

The primary objectives of this study were: (1) to
determine waterfowl production, (2) to determine utilization
of the area by waterfowl other than the breeding population,
(3) to determine vegetational changes, using data gathered
from past studies and the analyses of the study plots
obtained in 1950, and (4) to make a survey of existing

communities.
History of the Development of the Dead Stream Flooding

The planning stege for this project began in 1931,
when engineering surveys were made by the Game Division.
Dr. E. C. O'Roke, Dr. M. D. Pirnie, and Mr. H. D. Ruhl
visited the area on June 16 and 17, 1932, and made a
preliminary investigation designed to evaluate the
potentiality of the area provided it were flooded. Pirnie
(1932) reported that the Muskegon River and Dead Stream
marshes did not provide suitable habitats for breeding
waterfowl, but he felt that the proposed flooding would
create very favorable nesting habitat for a variety of

waterfowl. He also foresaw the possibilities of good

hunting and fishing grounds.









Figure 1. The Dead Stream Flooding as it appears from
the air with the camera pointed north. Photo by li. D.
Pirnie.
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The Dead Stream Game Area, of 53,231 gross acres, was
established in 1937 to set aside the region about the Dead
Stream as a wilderness area. Later acreage was added to
the area to make a total of 70,244 gross acres, 74% of which
was state owned. Flooding of the Muskegon River was still
under consideration and in 1937 a recheck of the 1931 survey
was made by C.C.C. personnel.

Construction of the deam was started in 1938 and
completed in time for the area to be flooded in the spring
of 1940. The dam was built through C.C.C. aid at an un-
disclosed cost. The dam was built across the Muskegon
River, 11 stream miles from its source at North Bay on
Houghton Lake. Most of the dam was formed by adding clay
to an abandoned railroad grade (Grand Rapids and Indiana
Railroad Company). The rest of the dam was constructed
of steel and conérete in such a menner that water levels
might be controlled by adding or removing stop gates.

The head of water at the dam is approximately 15-18 feet
in depth depending upon the volume in the reservoir.

After the desired water levels were attained, approxi-
mately 2,000 acres of marsh and timber were flooded
(Figure 1). The Dead Stream which lies north of the
Junction of the Dead Stream and Muskegon River has not
been affected to any great degree by the flooding.



Figure 2. The Reedsburg dam on the lMuskegon River.
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The original policy of the Game Division in keeping
the Dead Game Stream Area as a wilderhess by allowing
restricted development has been closely adhered to. There
are only three boat liveries serving the entire flooding
and camping grounds have been limited to the area near the

dam.
The History of Logging

The following account of the logging history at the
headwaters of the Muskegon River has been drawn from the
personal history of Delos A. Blodgett, who was a pioneer
Jumberman of that region. There is much available history
concerning logging and lumbering operations of counties
adjacent to this area but apparently little has been written
about the early days of Roscommon County.

In 1870 Delos A. Blodgett and Thomas Byrne bought from
John R. Robinson a tract of pine land in the township of
Houghton (such a township no longer exists in Roscommon
County, put mey have been what i1s now known as Lake Township).
This pine tract contained 3500 acres. During the same year |
Blodgett and Byrne plotted the village of Houghton.

A sawmill was built in Houghton and pine lumber was
manufactured and merketed by rail. This mill burned down
in 1876, but was rebuilt and remained in operation until
1881.
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Some time between 1870 and 1880, the partners moved
their headquarters to the village of Roscommon, which was
served by the Jackson, Lansing, and Saginaw Railroad (later
the Michigan Central). Later they moved to Grayling,.after
Byrne had bought all the land owned by the Jackson, Lans}ng,
and Saginaw Railroad Company in Roscommon, Missaukee, and
Crawford counties.

Blodgett and Byrne first sold their logs to mill’
operators at Grayling but later bought the lumber mill of
Watson and Hull (or Hall and Watson?) which at that time
was one of the bést mills on Lake Miéhigan. It had an
average capacity of 200,000 feet of lumber per l1O0-hour run.

After acquiring the lumber mill, the partners floated
their logs down the Muskegon River to the city of Muskegon.
The lands in Roscommon, Missaukee, and Crawford counties
were located too far from the Maskegon River for teams to
haul the lumber, so a narrow gauge railroad was built from
the headwaters of the Muskegon River. This railroad was
extended each year until it reached the length of 30 miles.

Thomas Byrne died in 188l1. Blodgett continued
operations under his own name, after settling with Byrne's
heirs. During the brief existence of the partnership, .
the firm'manufactured 400 million feet of pine lumber.
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Blodgett's logging operations were finished in 1894
but during the 24-year period the combined output of Blodgett
and Byrne and later Blodgett amounted to between 60 million
and 75 million feet of lumber annually.

A Mr. Blaisdell, a former lumberjack who now tends the
Reedsburg boat livery, told me that when operations were
at a peak, a million feet of pine lumber were put into the
Maskegon River every 24 hours. The roll-away where the
logs were dumped into the river may still be seen. This
is known as The Dump (see map III inside of back cover).

The first lumberﬁen who logged the pinery were primarily
interested in the more valuable white pine. Many of the
operators were financiaelly successful, while others did
not realize monetary gains. After the pioneer lumbermen
had left, the forests were reworked by operators who were
. logging the area for a second or even third time. Often
substantial profits were made by these men.

Thé town of Michelson was settled in 1908. Records
(Michigan State Gazeteer and Business Directory) did not
disclose the founder of the town but presumably it was
founded by Nels Michelson, who owned and operated a sawmill
there.

Michelson, in 1911, had a population of 225 people,
many of whom, no doubt, worked in the lumbermill, which
at that time produced lumber, shingles, ties, posts, and
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poles. DBy 1915, the town had a livery, garage, hotel,
general store, and a confectionary. The Michelson Lumber
Company produced ties, posts, and poles. The town had
telegraph and telephone service apd was served by the
Missaukee branch of the Grand Repids and Indiana Railroad
Company .

A Union Church and a graded school were added to
Michelson by 1919. The population had risen to 350 people.
Ties, posts, and poles were produced by the Michelson
Lumber Company.

The lest available data for Michelson come from the
year 1931. The populaticn had shrunk to 150 people by that
time. The Michelson Lumber Company and Buck Amos Lumber
Company were the two main business enterprises. The Grand
Rapids and Indiana Railroad continued to serve Michelson
but by then had become a branch of the Pennsylvania
Railroad Company.

Information obtained from Mr. Fred Crooks and Mr.
Blaisdell indicated that Nels Michelson logged the Dead
Stream Swamp and portions of the remaining timber in the
vicinity of the headwaters of the Muskegon River. Mr.
Crooks was an employee of Mr. Michelson.

The year that Michelson was deserted is not known but
all that remains of the town are & few house or store

foundations and the foundation of the sawmill.
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The Climate of Roscommon County

The mean annual precipitation for Roscommon County
is 27.4 inches (determined over a 24-year period).
Precipitation ié usually distributed quite evenl& through-
out the year. December, January, and February receive
less precipitation than any of the other months. February
has avereged l1l.21 inches which is the lowest average
recorded for any monthly period. October has averaged
2.97 inches which is the highest average monthly precipi-
tation rate. Generally from March through to October
monthly averages are from 2.53 to 2.92 inches. Rainfall,
in the summer, usually occurs as gentle showers and
extensive flooding 1s practically unknown. Snow usually
forms a permanent ground cover from November to early April.

Prevailing winds are westerly. Violent windstorms
are a rarity.

The average annual temperature is 43.5° F. The January
average has been 19.7° F. and the July average 67.6° F.
The meximum temperature over the 24-year period was 107° F.;
the minimum -48° F. The last average killing frost in the
spring has been June 11 and the first in the fall has been
September 3. The growing season averages 84 days per year,
although frosts of sufficient severity to kill tender

vegetation have occurred every month of the year.
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There is a high percentage of sunshine in the summer
and the number of cloudy days in the year just about balances
the number of clear days. Relative humidity is rather high
during the winter but is only moderate in the summer. Mean
temperatures and total precipitation for the months of
April, May, June, and July 1950 did not vary greatly from
the expected averages. April was slightly cooler and total
precipitation was near normel. May and June hed average
temperatures but precipitation for each of the months was
1.69 inches below normal. July temperatures were slightly
below normal. Precipitation was one inch above normsal.

The above information indicates weather conditions
were near average for those months. Precipitation averages
for May and June, being below normal, indiceted favorable
conditions for young ducklings which were hatching in
greatest numbers during that time.

Topography and Soils

The Dead Stream Swamp lying in an east west direction,
extends nérth from the Dead Stream and the Muskegon River
& distance of about a mile and one-helf, where it is
terminated by the southermost ridge of the Higgins Lake
morainic system. A ridge of the Houghton Lake moraine
system is found just south of Houghton Lake. It has a
relief of 60-100 feet above the lake and lies in a
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northwest-southeagst direction. West of Houghton Lake this
ridge becomes weak and disappears in theanskegon“River
valley. It does not again become prominent until five or
six miles past the Muskegon River. With the exception of
the Higgins and doughton Lake moraines, which bound the area
on the north and partially on the south, the country
surrounding the flooding is uniformly flat (Leverett and
Taylor, 1915). -

Soils

According to the Land Economic Survey of 1924, there are
three soil groups foun& in and gbout the flooding. These
are the swamp soils, marsh border soils, and light sandy
soils. Newton loamy sand and Bergland loam make up the
marsh border soils. Rifle peat and Houghton muck are the
swamp soils and Saugatuck sand is the light sandy soil.

The soil map of the Land Economic Survey shows Rifle
peat to be present in the Dead Stream Swamp and in the
flood plain of the Dead Stream and Muskegon River except
for a small portion near the junction of the two streams.
This other soil type is Houghton muck.

Rifle peat is charaéterized by poor drainage and is a
moderate to strongly acid soil. The top layer is composed

of dark brown, moderately decayed, woody peat or muck
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which extends to a depth of about one foot. Below the top
layer, light brown slightly decayed woody peat may be found
to depths of two feet. A layer of yellowish-brown, slightly
deceyed fibrous peat is present from the two to three foot
level and below that to a depth of five feet sand or clay
is present. Tamarack, spruce, and cedar constituted the
original cover.

Houghton muck is a mildly acid soil similar in profile
to Rifle peat except for the top layers. Dark brown,
moderately decayed fibrous peat or muck toua depth of one
foot constitutes the first foot of soil. Below that, a
layer of black, well deceyed, compact muck may be found
extending to the two-foot level. Yellowish-brown slightly
decayed fibrous peat extends to a depth of three feet and
below that sand or clay may be found. The natural growth
on this soil type 1s bluejoint and sedges with clumps of
willow. Cover type in the Muskegon River flood plain
suggests Houghton muck rather than Rifle peat as indicated
on the soil map.

Newton loamy sand is found in the area east of the
Muskegon River and extends in a broad belt to Houghton
Lake. Natural drainage of this soil type is slow to poor,
since it is but slightly elevated above the marsh border
soils. This soil type is acid from the surface layers
to the five-foot level. Newton loamy sand has a top layer
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of black muacky soil to depths of from six inches to one
foot. A brownish gray or mottled gray and yellow wet sand
extends from the six-inch or one-foot level to a depth of
four and one-half feet and below that wet gray sand may be
found.

Original forest growth was a mixture of swamp conifers,
ash, elm, red maple, and white pine.

Bergland loam is found in the middle third of the area
which forms the western boundary of the flooding. North
and south of this belt Newton loamy sand is the predominant
soil type. Bergland loam may be either acid or alkaline
depending upon the amount of lime present. The top layer,
eight inches to one foot in depth, is a black mucky soil.
Gray or mottled gray and yellow sandy loam or loam extends
from the top layer to three feet. Pale reddish lake clay
or heavy sandy clay till constitutes the remainder of the
profile. Original forest cover was the same as that of
Newton loamy sand.

Saugatuck sand occurs as scattered pockets surrounded
by Newton loamy sand. The abandoned townsite of Michelson
is situated on Saugatuck sand. Forest litter and mold
make up the first three inches of soil. The horizons
below the initial layer are variable in thickness. Pale
gray sand underlies the litter and mold to depths of from
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8 to 15 inches. Below the pale gray sand, a dark "coffee
brown" sandy hardpan, two feet in thickness, may bé found
and below that spotted brown and yellow sands are present.

Originel forest cover was mainly white pine.
Forest Cover of the Region, Past and Present

The forest cover of northern Michigan represents a
transition between the boreal forest formation of the north
and the deciduous forest formation of the south (Oosting,
1948). This transition was once characterized b& pure stands
of white pine (Pinus strobus) with red pine (P. resinosa)
and jack pine (g..gggg§;ggg)‘occupy1ng the less favorable
sites. Although white pine was dominant at.the time
lumbering began, it is considered sutclimax to the
deciduous forest formation.

White pine and its associates did not occupy all areas
in the Great Lakes region. In places where hydrarch
succession was initiated and proceeded to a floating-mat
stage (mats composed of grasses and/or sedges), ericaceous
shrubs such as leatherleaf (Qggggggﬁpgng‘gg;zéglg&g).

Labrador tea (Ledum groenlendicum), and blueberry (Vaccipium
spp. ) invaded the mat. Depositioﬁ of plant remains proceeded

at a comparatively rapid rate due to incomplete decomposition

which was favored by a cool moist climate.



18

As formation of soil progressed, pioneer forest species
came to occupy areas wnich had favored the development of
shrubs. Black spruce (Picea mariang) and larch or tamarack
(Larix laricina) were pioneer arborescents. Larch, being
éxceedingly 1nt61erant. often formed closed stands or was
reduced to a position next to the shrub border, usually
by the invasion of black spruce which is very tolerant
(Harlow and Harrar, 1937). When conditions became favorable,
white cedar (Thuia ggg;ﬂég&gl;g) and balsam fir (Abies
balsameg) became established in these areas. The Dead
Stream Swamp 1s an excellent example of bog succession.
Although the swamp stage mey persist for many years, it is
considered a subclimax.

Secondary succession, in this region, began as soon as
the timber was removed. Clear cutting, as practiced in
those times, often prevented the original timber from
replacing itself. Frequent fires served further to retard
succession and in instances where severe fire destroyed
the humus, leaving bare rock or sand secondary succession,
closely resembling primary succession, was started.

Trembling aspen (Populus tremuloides) and white birch
(Betula papyriferg) became dominants over much of the area

formerly occupied by white, red and jack pines.
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All the area included in this study has been subjected
to lumbering and fire. Cover of the Dead Stream Swamp has
been replaced, mostly by the original species. Areas which
once supported white pine are still in the stage of secondary
succession. In a few instances, white pine reproduction is
good under seed trees but aspen continues to dominate.

Succession 1s shown in Figure 3 where traces of the
original cover are indicated by the presence of fire-
blackened white pine stumps. At this particular spot,
birch and aspen predominate and speckled alder (Algus incansg)
has come to occupy the saturated soils which border the »

flooding.

Description of the Dead Stream
and Muskegon River Watersheds

A detailed account of the area included in this study
is beyond the scope of this investigation, but a generalized
account of the area provides a foundation for further
discussion. Two river systems are involved, namely, the
Muskegon River from its source to the Reedsburg Dam, and
the Dead Stream, its headwaters, its course, and its
terminus. The cover type through which each stream passes

is different, as is the aquatic vegetation of each.



Figure 3. An example of secondary succession. Fire-
blackened white pine stumps, in the background, are
remnants of the original cover. White birch and aspen
have succeeded the white pine. Speckled alder, on the
left, is growing in the wet soil of the flooding border.

20
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The Muskegon River after leaving North Bay of Houghton
Lake runs northward for a short distance then turns and
flows westward. Reference to map III (Jjust inside of back
cover) will indicate the course of the river. Due to the
fact ﬁhat the surrounding terrain is level the éurrenx of
the river is slow (average 2-3 mph. ); however, the discharge
from Houghton Lake»governs the rateiof flow. The water
color varies from light to dark green and at no time, even
during prolonged periods of rainfall, is siltation evident
to any great extent.

At first the river plain or bottom is quite narrow,
Forest species are usually found near the river and such

shrubs as speckled or tag alder (Alnus incana), willow

(Salix spp.), and dogwood (Cornusg spp.) commohly border
the river's}edge. Black ash (Egg;;ggggg;g;g)._elm (Ulmus

spp. ), and red maple (Acer rubrum) are common but tfembling
aspen and large-toothed aspen (Popg;gs grendidentata) in
many places have assumed a position of dominance. Where
the gradient from river bank to shrub zone is shallow,
grasses and sedges form a border. Bluejoint (Cglamagrostis
canadensis) is probably the most important spécies of grass
to be found. ©Some distance north of the river the Dead
Stream swamp of black spruce, white cedar, balsam fir, and

tamarack exists. South of the river Jjack pine is dominant.



Figure 4. Aerial photograph of the Muskegon River just

west of Houghton Lake.
seen in the background.
in the foreground.

The Dead Stream Swamp may be
Forest cover of jack pine appears
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Ground cover in the Jjack pine forest consists mainly of
blueberry and sweet fern (Comptonis asplenifolia). Figure 4
shows the cover as found élong the first few miles of the
river.

Two and one-half stream miles from the source, the
river enters a wide grass-sedge meadow which is known &s
the Hay Marsh. The Hay Marsh roughly forms a triangle
with the base on the north and the apex to the south. The
Hay Marsh is divided into nearly equal east and west portions
by a narrow ridge of land which originates near the bank
of the river and terminates three-fourths of a mile south.
The Muskegon River winds along the northern border of the
Hay Marsh until it meets with the Dead Stream. Figure 5
shows the river where it enters the Hay Marsh. Forest cover
in the background is Dead Stream swamp, though, at this
point a zone of aspen-is found between the river and swamp.
The eastern boundary of the Hay Marsh is bordered by a shrub
zone of willow, tag alder, ahd dogwood which in turn is
followed by such species as trembling aspen, elm, swamp
white oak (Quercus bicolor), black ash, white ash (Fraxipus
gggg;gggg); and on the higher ground some red pine and
white piné. Islands of timber in the Hay Marsh shown in

the background of Figure 5 are covered by aspen.
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Figure 5. Flooded grass and sedge marsh. Approximately
150 acres of marsh may be seen. Lines appearing in the
Hay Marsh were formerly drainage ditches. Note the lack
of large openings in the marsh. Photo by M. D. Pirnie.
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Four stream miles from Houghton Lake the Muskegon River
i1s joined by the Dead Stream. At thié point the Muskegon
River turns and flows in a southwesterly direction. The
western boundary of the Muskegon River bottom is determined
by a ridge of higher ground which lies in a northeast-
southwest direction. The northern point of this ridge
graduelly slopes until it disappears. Cover on this ridge
is much the same as that bounding the eastern border of
the Hay Marsh except that aspen 1s more prevalent and
large clearings are present.

The headwaters of the Dead Stream lie in Missaukee
County and, although its course is very irregular, the
stream proceeds in a southeasterly direction until it
encounters the northeast-southwest ridge which forms the
western boundary of the Muskegon River bottom. The Dead
Stream turns northeast and continues to a point where the
ridge disappears. It then flows south to join the Muskegon
River.

The headwaters of the Dead Stream were not thoroughly
explored, but for the most bart the watershed consists of
ridges covered by upland timber while in the lower areas
swamp hardwoods and conifers are prevalent. Coal Creek,
for instance, is a slow-moving stream which passes through
a cedar swamp for most of its length. 1Its water is

suitable for brook trout (Sglvelinus fontinalig). Other
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Figure 6. An aerial view of the Muskegon River, Hay Marsh,
and northern end of the reservoir. The flood plain is

three-fourths of a mile wide at this point. Photo by
M. D. Pirnie.
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small feeder streams have similar waters. In Missaukee
County, the Dead Stream has clear cool water. The stream
is closely bérdered by overheanging trees and shrubs but
shortly after entering Roscommon County it enters a sedge-
grass meadow which in turn is bordered on either side by
the Dead Stream Swamp. Here the water becomes much warmer
and turns to a deep brown color. The current of the Dead
Stream headwaters i1s slow; near the mouth it is barely
perceptible.

Only in the vicinity where the two streams meet is
there an appreciable area of sedge and grass west of the
Muskegon River. Approximately a half mile (by straight
line) south of the junction, this area of gfass and sedge
gives way to dead timber. After flooding the water table
was raised, resulting in death of the timber and establish-
ment of sedge.

Figure 6 was taken at a point three-fourths of a mile
south of the Dead Stream-Muskegon River Junction with the
camera pointed just north of east (bearing 075°). In the
foreground, dead timber with sedge'ground cover'may be seen.
The channel of the river appéars as a dark band. Beds of
aquatic plants, shown as white and grey spots bordering the
channel, are very dense and in this particular section of

the river wild rice (Zizanig aguaticg) is dominant.
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In the right foreground giant bur reed (Sparganium
eurycarpup) appears as small rounded islands of vegetation
which merge in a curving line to form a closed stand
terminating where the river channel completes an abrupt
bend of 180°. Cattail (Typha latifolis) is also present
as scattered stands but“does not approaéh the density or
frequency of bur reed. Light areas among the islands of
bur reed are due to reflected light from the leaves of
floating-leaf pondweed (FPotamogetopn natans).

An east-west drainage ditch appearing'as an oblique
line may be seen passing through the Hay Marsh to join
the Muskegon River near the center of the pilcture. Dark
vegetation bordering the river at this point is cattéil
and this bed joins with the curving band of bur reed in
the foreground. Open water between the cattail and bur
reed stands and the Hay Marsh border contains beds of
aquatics.

The strip of wooded ridge seen in the background,
dividing the Hay Marsh into east and west halves, heas a
definite pattern of plant distribution. The pattern is
determined by the height of the land above the surrounding
low ground. Speckled alder and aspen occupy the most
northern point. As the ridge increases in elevation,
these speciles give way to white pine, swamp white os&k,
and cherry (Prunus spp.). Further south, these species
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Figure 7. Changes resulting from flooding.

Upper: The liuskegon River, looking north from Michelson,
as it appeared before flooding. Photo by M. D. Pirnie
taken in 1936.

Lower: The same area as it appeared in 1951. A bed of
pickerel weed and bulrush appears behind the boats.
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are replaced by aspen and alder end as the ground becomes
more saturated and covered with water, willow becomes the
sole species of woody cover. Flooding, which materially
increased the water depth on either side of the ridge, has
not affected, to all out-ward appearances, the timber
growing on this strip of land.

South from the point shown in Figure 6 the river
continues its winding course, buﬁ the chennel is no longer
marked by the border of cattail and bur reed.

Along the western boundary, dead timber is still
evident, but back waters have spread to points further
west. The Hay Marsh gradually decreases in width and a
ridge of land extends into the marsh from the east. Near
Michelson, the river beceame closely bordered by timber.

To show the change which has occurred since flooding, two
photographs were taken from the same spot with the camera
pointed (as nearly as possible) in the same direction.
These twé photographs, shown ih Figure 7, were taken in
1936 and 1951. |

Figure 8 shows a section of the river below Michelson
as it appeared in 1936 and 1951. The exact area covered
in the older photograph is not known and for that reason
the later photograph may not include the same portion of
the river. Evidence from stumps still to be seen indicates
that before flooding the grass-sedge border was entirely
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Figure 8. The Muskegon River before and after flooding.

The upper photo shows the Muskegon River, south of Michelson,
as it appeared in 1936. Photo by k. D. Pirnie. The lower
picture was taken of the same general area in 1951.
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eliminated and that swamp hardwoods grew on the banks of
the river. Figure 9 shows the cover type found below the
dam. Maple, elm, and ash are the main species. ©Slope of
the bank permits these species to grow almost to the water's

edge.
Aquatic Vegetation of the Flooding

The biological production of any lotic or lentic
environment may be determined in part by the aquatic
vegetation of the lake or stream. Growth of aquatic
vegetation is one measure of production; animal life is
another. Animals are dependent upon plants either directly
or indirectly and so vegetation, ranging from phytoplankton
to the higher flowering plants, constitutes the building
block upon which an animal population is built.

Growth and production of aqguatic vegetation, in itself,
will not insure maximum production. Some plants are more
desirable for wildlife than others and of equal importance
is the manner in which they are distributed. Biologists,
for some time, have recognized the value of interspersion
or edge in creating a diversified habitat. Leopold (1947)
has defined game as a phenomenon of edges.

The aquatic vegetation of the Dead Stream Flooding

has some desirable features and others that are not. It
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Figure 9. The Muskegon River below the Reedsburg dam.
Red maple constitutes most of the stream border cover

seen in this photograph. A white pine may be seen on
the right bank.
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provides nesting cover for waterfowl, brood rearing cover,
and food in more then ample quantities. Also the require-
ments are met, to a degree, for fish and fur production,
but some changes would undoubtedly increase the overall
biological production.

Physical features determining plant composition and
distribution in a river system are many. The more important
factors are climate, soils, rate of flow, siltation, and
the cross-profile of the stream valley. As a stream valley
matures, the action of the shifting channel gradually widens
the stream valley until the width of the valley, or strath
as it is called, is greater than the diameter of the
meanders. Matufity of the valley usually results in a
broadly flaring profile in which drainage becomes progressive-
ly poorer and erosion is lessened. (Longwell, Knopf, and
Flint, 1948). '

When a stream meanders, the current is deflected first
from one side and then to the other. Deposition of silt
occurs on the inner and upstream sides; while the current
gradually undercuts the opposite bank. The steepest bank
lies on the outer side of a meander. Overflow of the banks
results in deposition of materials on the side nearest the
current causing a natural levee to be gradually built up.
Further, as the river swings back and forth across the
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stream plain, the channel may cut through the neck of a
meander creating an oxbow.

The Muskegon River and the Dead Stream are meandering
streams, both very old, yet it aﬁpearé that evolution of
the two valleys has proceeded slowly since waters of the
last glacial sheet ceased to flow in them. This is under-
standable, since neither stream 1is subjected to great
flucuations in water levels and the rate of flow is quite
slow.

Conditions described for a meandering stream hold
fairly well for the Muskegon River although the river
channel does not appear to have shifted recently. Only
one complete oxbow is present but numerous identations
(upstream) into the flood plain are remnants of oxbows
ﬁhich have been filled in except for the extreme downstream
end. The Dead Stream has no indentations of this sort.

From the preceding discussion one can, by reference
to map III, determine where the slope of the river basin
is shallow. The maximum number of plant gzones are found
on the inner and upstream sides of the meanders. Where
the river course is straight, the slope is usually gentle and
the depth of the river is quite shallow.

The composition and distribution of aquatic plants in
the Muskegon River before flooding is not known. Changes

undoubtedly occurred when millions of board feet of lumber
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were floated down the river, but it is safe to say that the
greatest change has taken place since the area was flooded.
Flooding created a hydroseric disclimax. Such a disclimax
may be maintained for an indefinite period by manipulation

of the water level.
Submerged Aquatics

The river border, not affected by the flooding, has

a definite pattern or zonation of plants from the deep
waters of the channel, to the mud flats, and to the banks
and plains. Deeper water contains several species of
submerged aquatics. Pondweeds are represented by such
species as the clasping-leaf pondweed (Potamogeton
Richardsonii), Robbin's pondweed (P. 6bbins;1) sago
pondweed (P. pectinatus), and the variable pondweed

(P. gM). The bushy pondweed (Najas flexilis)

and the waterweed (Angghgg;g_ganagggs;s) are also very

common. Wild celery (Vallisneris ggg__gggg) is present
but is limited in its distribution to a few spots of deep

water. This species was not found until the middle of
hagust at which time the fruiting stems emerged.

Mixed stands of various submerged aquatics are not
uncommon but it was found that generally each species forms
a community of its own but rather restricted in size. This

condition differs from that of the broader lske-like waters
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of the reservoir where one species may form a dense bed of
considerable extent. It is difficult to appraise the
submerged aquatics of the upper stretches of the Muskegon
River to determine the degree of abundance of each species.

Waterweed 1is probably the most abundant plant.

Floating-leaved Aquatics

The next zone of vegetation is normally characterized
by the floating-leaved variety of plents which develop in
water shallower than that occupied by the submerged aquatics.
Shading of the bottom eliminates, to a large degree, the
submerged aquatics. The floating-leaved species such as
white water lily (Nymphaea odorsta), yellow water 1lily or

spatter-dock (gggnaz,ggzggg), and water shield (Brasenia
Schreberi) have a poor representation in the Muskegon River.

White andlyellow water lily are present but their role in

the scheme of succession is slmost negligible.
Emergent Aquatics

Wild rice almost completely occupies areas suitable
for the floating-leaved species as well as emergent aquatics.
Occurring in large solid stands, its zone of growth extends
from waters that usually support submerged aquatics to a

point where other emergents become interspersed with the
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rice. Wild rice not only grows on the mud bars of the river
but has actually invaded swifter waters of the channel where
the bending action of the current never permitted the
fruiting heads to emerge, thus eliminating reproduction by
those plants. Figure 10 shows the extent to which wild rice
has become established in parts of the river. In some
instances, the open channel has been narrowed to less than
five feet with rice completely covering the stream bottom
from the steeper sloping bank on the one side to the shallow
slope on the other. These stands of wild rice serve to
catch suspended debris thereby increasing both deposition
of silt in the beds and the rate of flow in the channel.

Softstem bulrush (Scirpus validug), gilant bur reed,
wild rice, and to a lesser extent rice'cut-grass (Leersig
oryzoides), occur in various combinations and makéuup a
rather 1ndeterminate border between the pure stands of wild
rice and plants on the banks. Nearer the bank, arrowhead
(Sagittaria latifolia) and smartweed (Polygonum patans)
form a narrow girdle between the wild-rice stands &and fhe
next zone of vegetation. Pickerelweed (Pontederig chordats)
is not common; it occurred as scattered clumps between the
wild rice and plants of the bank. Swamp loosestrife

(Decodon yerticillatus) holds a similar position but was
found only below the Muskegon River-Dead Stream junction.
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Figure 10. Wild rice in the lMuskegon River. Beds, such
as the one seen in the center of the picture, occupy mud

bars of the river.
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Cattail, when present, usually is found between the
arrowhead-smartweed zone and the next zone of vegetation

which is composed of bluejoint and sedge (Carex spp.)

Cattail was found in appreciable amounts bnly south of the
confluence of the two streams.

Beyond the arrowhead-smartweed border, or in the case
where cattail may be found, bluejoint and sedge constitute
the widest zone of vegetation found along the stream plain.
Figure 11, taken in May before new growth of this association
had gained its maximum height, shows the nature of this
cover. Both grass and sedge form clumps which are in close
proximity to each other. There are few openings in the
meadow, consequently the total amount of edge is slight.

The sedge-grass marsh is bordered by a strip of shrubs,
the most common of which is willow, red-osier dogwood, (Cornus
stolonifera), and speckled or tag alder. Small amounts of
leatherleaf may also be found. Forest species, with
trembling aspen the dominant tree, follow the shrub zone.

The foregoing discussion has been limited to the
section of the luskegon River which has not been influenced,
to any great degree, by the increased water level. The
description of the plent zonation 1s general, yet there is

a consistency in plant distribution and species involved.
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Figure 11l. The Hay Marsh teken from the Dead Stream-
Muskegon River Jjunction with the camera pointed southeast.
Vegetation consists of bluejoint and sedge. New growth
had not started at the time the picture was taken.
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The 2zone most likely to be absent 1is composed of the
floating-leaved species and most of the emergents.
Particularly where the bends are sharp and the current
flows near the bank most of these plants will be eliminated.
Bluejoint and sedge mey grow almost to the water's edge in
these instances, yet arrowhead and smartweed usuélly may
be found, if only in a very narrow strip.

A photograph (Figure 12) taken from the high bank of
the Muskegon River at Mead's"Landing (near Houghton Lake)
shows the nature of the zones found oﬁ the opposite éideA
of the river where the gradient 1i1s more gently sloping.
Submerged aquatics cannot be seen but wild rice is shown
growing from the open water to a dark band of vegetation
which in turn is bordered by & lighter band of.plants. The
dafk strip is composed of bulrush and bur reed and the
lighter band is bluejoint.

A closer view of the river border vegetation is shown
in Figure 13. This photograph was taken in 1951 of a new
study plot which was established a short distance below
the Dead Stream and Muskegon River Junction. Wild rice,
bur reed, and bulrush meay be seen in the foreground.
Cattail is present in the background with some stems of
bluejoint intermingled. At the left are floating leaves
of the white waterlily. Duckweed (Lemng minor) grew on

the surface and waterweedAin the deeper part of the quadrat.



Figure 12. Plant Zonation. This picture, taken from the
high benk at Mead's Landing, shows plant zonation on the
opposite bank. Zone A is composed of wild rice, Zone B

of bur reed and bulrush, Zone C of bluejoint. Photo by
M. D. Pirnie.
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Figure 13. A close-up of the river border vegetation.
Teken at a point just below the mouth of the Dead Stream,
this is & photo of study plot 21. Wild rice and burreed
may be seen in the foreground. Cattail appears in the
background.
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Although damming the Muskegon River resulted in over-
flow of the stream banks to the point where the river enters
the Hay Marsh, little change is noted until at a point about
one stream mile below the Dead Stream-Muskegon River Junction.
Here openings begin to appear in the grass-sedge zone on
elther side of the river. These openings usually run
parallel to the river, but are separated from it by & belt
of cattail and bur reed growing on the natural levees.
Possibly these clearings, resulting from the disappearance
of graess and sedge, were once a part of the river bed but
since then have been partially filled in to form shallow
basins. Also there are openings, angling upstream from
the river into the stream plain, which probebly ere remnants
of oxbows.

As previously stated, the river, before flooding,
flowed near the timber growing along the western boundary
of the stream plaein and that grass and sedge occupied most
of the triangular shaped area east of the river. At the
presenﬁ time grass and sedge has receded eastward an
average distance of 300 yards, forming a border which runs
in a northeast-southwest direction. In the extreme left
center of Figure 6 the Hay Marsh appears to merge with
vegetation along the river course, but slightly to the
right open water begins to appear and the western border

of the Hay Marsh becomes clearly marked. The border of
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the Hay Marsh continues southwestward for two-thirds of a
mile where it is replaced by dead timber. In the section
on waterfowl brood census areas, I have referred to the
intervening space between the vegetation along the river
and the border of the Hay Marsh as the river flats.

The open waters at the north end of the reservoir
contaln dense beds of aquatics. Flat-stemmed pondweed
(Potamogeton zosteriformig), floating-leaf pondweed,
Smartweed, water milfoil (Myriophyllum spp.), bladderwort
(Utricularia yulgeris and U. igteggedig),“aﬁd water marigold
(Mggg;gﬁgg&gmgggggi)_are the more important species which
occur in large stands.

It is indeed difficult to ascertain the order of
abundance for each species. Some of these plants occur
in limited areas, others form closed stands of considerable
extent but are also found as scattered stems among the
other species. To show the difficulties which arise when
meking a visual appraisel, figure 14 was taken in mid-July
when the two species of bladderwort were in bloom. Looking
across the surface of the pond a yellow mass of color met
the eye but inspection of this area revealed the fact that
these plants occurred as scattered individuals rarely
forming a closed stand. This is an example of aspect
dominance (Oosting, 1948). Bladderwort appeared to be the
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Figure 14. Growth of aquatic vegetation in the northern
end of the pond. Floating-leaf pondweed and smartweed
occupy most of the area shown. DBur reed clumps appear
in the right background. The western border of the Hay
Marsh may be seen as a light line extending across the
field of view in the background.
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most abundant but actually floating-leaf pondweed, flat-
stemmed pondweed, and smartweed were much more prevalent.

Bur reed and small amounts of cattail are the two
important emergents in the pond. Bur reed tends to form
small rounded closed stands but grows in a belt (see
Figure 15) on the inundated natural levees. Wild rice
becomes noticeably absent in the sluggish water.

The distribution of flat-stemmed pondweed, floating-
leaf pondweed, bladderwort, and water marigold exhibited
no definite pattern. One species may form almost pure
stands in some places and occur as scattered individuals
in others. Water milfoil, for instance, was found adjacent
to the Hay Marsh, but mixed with it, in small amounts, were
coontail (Cerstophyllum demersum), waterweed, and flat-
stemmed péndweed.

Generally, the floating-leaf pondweed and smartweed
were the most common aquatics in the upper end of the
reservoir but in deeper water flat-stemmed pondweed becomes
most abundant. The deep waters of the pond at Michelson
contain flat-stemmed pondweed beds, water milfoil beds,
and scattered specimens of smartweed. This condition
prevails from a point approximately one-half mile above
Michelson south to the dam. In the deepest waters of the
flooding water milfoil 1s the most abundant plents occupying

the natural levees. In shallower water, cattail-bur reed
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Figure 15. Bur reed beds. They occupy the natural levee
which here is covered by 2 to 3 feet of water. OSmartweed
may &also be seen.
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or bur reed alone grows on the natural levees. Figure 16
shows water milfoil with its fruiting heads protruding
from the water.

Plant zonation is spparent in the lower portion of the
reservoir. Species which were common in the upper portion
of the pond occupy the shallow water of the periphery.
Composition of species involved does not change but the
weed beds are not as extensive. The banks of the artificial
lake may be bare in some places but in other locations small
groups of bur reed, cattail, sedge, bulrush, pickerelweed,
and spike rush (Eleocharis spp.) may be found.

Description of the aquatic Qegetation found in the
backwaters of the flooding are not given here since they
are included in a description of the duck brood census areas.

The Dead Stream presents an entirely different picture
than that of the Muskegon River and pond. There, changes
are so pronounced that even those who have little knowledge
of biology can detect, almost immediately, the dissimilarities
between the two streams. On entering the Dead Stream, water
color changes from the dark green of the Mﬁskegon River to
a dark coffee-brown and the current is very slow (less than
one mile per hour).

More 1mportant are the differences in aquatic vegetation,
especially of the submerged and emergent plants. Wild rice,

cattall, arrowhead, and smartweed are not found in the



Figure 16. Water milfoil growing in deep water. The
fruiting heads may be seen. These plants are growing
on the old river bank at a depth of about 10 feet.
Pnhoto teken 200-300 yards above Reedsburg dam.

Sl
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Dead Stream. Giant bur reed is missing but a species of
bur reed believed to be floating-leaf bur reed (Sparganium
angustifolium) grows in the shallow headwaters of the
stream. The Dead Stream is closely bordered by bluejoint
and sedge or in some cases by sweet gale (Myricg Gale).
Increased water levels have had no apparent effect on'the
grass and sedge.

In bends of the stream where the current impinges on
the opposite bank, coontail occupies the deepest water,
followed by spatter-dock, and finally grass and sedge or
sweet gale. This is shown in Figure 17. Occasionally beds
of flat-stemmed pondweed could be seen at depths of around
three feet and in one spot star duckweed (Lemna trisulca)
covered the bottom. Production of submerged aquatics is
curtailed by the absence of light which fails to penetrate
the heavily stained water. This zonation of coontail,
spatterdock, and grass-sedge border is repetitious into
the upper stretches of the Dead Stream.

The productivity of aquatic plants in the Dead Stream
has a direct relationship with the productivity of muskrats
and waterfowl. Very few muskrats and duck broods were

seen along the Dead Stream.
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Figure 17. Vegetation of the Dead Stream. Coontail may

be seen in the foreground, spatter-dock in the background,
followed by a border of sweet gale. Spire of black spruce
and dead white cedar appear along the skyline. '
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Study Plots

A study of the Dead Stream Project started on October 17,
1939, when B. C. Jehkins and Cash Wonser of the Game Division,
Michigan Department of Conservation, established a series of
sample plots, marked them with cedar posts, and recorded the
vegetation found in them. This was done before the area was
flooded. Periodic recordings of the vegetation were made
until 1950 at which time I made an analysis of all the plots
with the exception of plot 16B. Data, prior to 1950, came
from the Game Division fileS.A .

The purpose of establishing these plots was to determine
what specles were most resistant to flooding, to determine
piloneer aquatics and finally to gain an all-over picture
of plant succession and the situation as it exists at the
present time.

The first plots established were located on the east-
west section line originating at the corner of Sections 8,
9, 16, and 17, T23N, R4W, Roscommon County. Plot 1A was
located ten chains west of the section corner and thereafter
for every ten chains four plots were established. All
these plots, with the exception of plot 4B4, had an area
of one milacre. Plots SAg, 64, TAs, and 8Ay vary somewhat
in their distances from each other. The locations are given
for each. Reference to the map on preceding page will show

the location of these plots in relation to the river.
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Plot 1Ay

1939-~A heavy growth of bluejoint and sedge was present.
The ground was covered, in spots, by moss. East of the plot
there was a strip of willow one chain wide followed by alder,
dogwood, and highland poplar.

1943--A heavy growth of grass was present.

1946--Sedge had become the dominant plant. Bluejoint
had been reduced to Jjust a trace. Several species of aquatics
had become established. Poplar located just outside the
plot and willow had died.

1950-~-Sedge was the most abundant plant although blue-
Joint was plentiful. Smartweed and milfoil were found
growing in the plot. A limited amount of bur reed was
present outside the plot. Willow east of the plot was
present and some of it was still alive. Northeast of the
plot, tag alder had established itself.

Summary--Water depths (1"-3") were apparently not
sufficient to kill the vegétatioﬁ that was present before
flooding, in fact, sedge and bluejoint was thriving, having
grown to heights of 70" and 66" respectively. Smartweed
and milfoil apparently were the ploneer aquatics. Willow

is resistant to increased water levels.
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Plot ch

1939--This plot had a heavy growth of sedge and some
bluejoint. Seven clumps of spice bush (Benzoin spp. )
occupied about 40 percent of the plot. 'A few stems 6f
aster and tag alder were present.

1940--Bluejoint was found growing at a height of six
feet.

1946--Sedge had been opened by the action of muskrats.
Bluejoint was present as scattered stems.

1950--Five clumps of sedge, with intermingled stems of
bluejoint, were growing in this plot. Four specimens of
willow (reproducticn size class) as well as four stems of
meadow-sweet (Spiraeg alba) were found here. Duckweed,
smartweed, and water milfoil were present in sﬁall quantities.
Muskrat activity had ceased.

Summary--Water depths had increased to two feet. Spice
bush had become eliminated soon after flooding. Sedge;
though dense before flooding, had been opened. Willow
reproduction is taking place and a few aquatics have become

established.:

Plot 34,

1939--This plot was dominated by a clump of willow 80"
in height, bluejoint and sedge occupied the remaining area

in the plot..



57

1946--Muskrats had opened the grass and sedge and
aquatics had become established.

1950--Water milfoil was the only aquatic found. The
willow clump, which dominated this plot in 1939, continued
to occupy most of the area at this time.

Summary--After this plot was flooded, muskrats moved
in and created some openings in the grass and sedge. Their
activities had ceased by 1950. Willow in this plot grew

16" in the eleven year period.

Plot 4B,

1939--This plot was located on a low ridge of Newton
sand. It was one chain square with a smaller milacre plot
located in the southeast corner. Vegetation in the chain
square consisted of poplar, white ash, traces of alder,
trembling aspen, willow, dogwood, red raspberry (Rubus
ideens) and blackberry (Rubus spp.). Ground cover consisted
primarily of grass and goldenrod (§g;;gggg‘spp.).

1946--Sedge had become the most abundant ground cover.
Bracken (Pteridium aguilipum) also appeared at this time.

1950;-Analysis of the chain square plot showed water
to be two inches in depth in the northeast and northwest
corners and cattail had become established there. Spirea
was present outside the northeast corner and tag alder was

found outside the northwest corner. The northern half of
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the plot was occupied by sedge. The southern half consisted
principally of bluejoint and bracken with scattered golden-
rod. Vegetation on the milacre plot was composed mainly
of bluejoint. Two plants of meadow-sweet were present as
were small amounts of sedge and goldenrod.

Summary--The greatest change in this plot has been the
appearance of cattail, sedge, and bracken. Trembling aspen
was noticeably affected by the elevated water table. Most
of it was dead, that which was still alive had a sickly
appearance. White ash, on the other hand, appeared to be

thriving under the changed condition.

Plot 5A2

1939--This plot is located two chains west of plot 4B4.
A heavy growth of reedy grass and bluejoint was present.
Clumps of willow were present about the area.

1946--The vegetation had begun to open and only one-
fourth of the plot was occupied by sedge.

1948--Aquatic vegetation had become established.

1950--Water milfoil had become the dominant aquatic
with a few specimens of marsh cinquefoil scattered through
the plot. Clumps of sedge were found in and about the plot.
These clumps of sedge were not rooted to the substratum.
Flat-stemmed pondweed formed dense beds Just west of the

plot.
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Summary--This plot had undergone a greater change than
any of the previous plots studied. Water depth here was
about two feet and much of the former emergent vegetation
had been eliminated. Water milfoil became the most

abundant aquatic.

Plot 6A2

1939--Flot 6A2 was set up ten chains west of plot 5A2.
The vegetation cbnsis;ed primarily of short reed grass
(G;zcgrig?)'and bluejoint. Four willow shoots, small
bunches of moss, and a few stems of Aster spp. were found.

1946--Bluejoint and willow had disappeared and the
vegetation consisted of reed grass and submerged aquatics.

1948--Scattered stems of sedge and aquatic plants
characterized the vegetation at this time.

1950--Sedge occupied most of the area in the plot.
Flaet-stemmed pondweed had formed a bed in the southeast
corner of the plot. Water milfoil was scattered through-
out the plot. Two plants of floating-leaf-pondweed had
become established in the center of the plot. Cattail had
become established sixty feet west of the plot. Spatter-
dock was present east of the plot, and sweet gale was

growing in close proximity.
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Summary--Sedge has been very persistent. Agquatics
found growing in this plot were flat-stemmed pondweed,
floating-leaf pondweed, and water milfoil. They were
present throughout this general area and probably were
among the first aquatics to become established after

formetion of the reservoir.

Plot 7A2

1939--This plot was located 760 feet from the east
bank of the lMuskegon River. Vegetation was composed mainly
of bluejoint with one willow and a little sedge comprising
the remainder. Willow surrounded the plot.

1946--Coontail and smartweed were established and
dominated the plot at this time. Willow was dead.

1948--Coontail and smartweed continued to dominate
the area in 1948. _

1950--Water milfoil and flat-stemmed pondweed had
formed dense closed stands. A filamentous alga was seen
attached to flat-stemmed pondweed. A small stand of wild
rice was located near the northeast corner.

Outside the plot, white and yellow water lily, coontail,
floating-leaf pondweed, and waterweed were found growing.
Although willow was reported dead in earlier observations,

a few leaf-bearing twigs were noted at this time.
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Summary--Bluejoint and sedge became completely eliminated
with several species of aquatics succeeding. Willow, again,
demonstrates its ability to withstand prolonged submergence
and is probably the most resistant to flooding of any woody
species. Wild rice, in the immediate vicinity, may indicate
spread of this species from the mud flats of the river

further north.

Plot 8A2

1939--This is the last of the plots located along the
section line. It was located 100 feet from the Muskegon
River. Bluejoint and sedge growing to a height of five
feet dominated this plot.

1946--Sedge and bluejoint had disappeared with smartweed
becoming dominant. Cattail had become established just north
of the plot.

1950--Floating-leaf pondweed dominated this plot.
Associates of the floating-leaf pondweed were water marigold,
flat-stemmed pondweed, water milfoil, and bur reed. Wild
rice was also present near the plot.

Summary--Sedge and bluejoint eapparently was eliminated
a very short time after the flooding. It seems that smart-
weed became the first aquatic to invade but since had been
replaced. DBur reed now occupies the area which was reported

to be growing cattail in 1946.
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Flot 9A2

This plot is situated in the southwest corner of the
NE 1/4, NE 1/4, Sect. 7, T23N, R4W. It is 50 links x 50 links
in area.

1939--This plot is situated in what appears to be an old
lake bed or possibly en ancient channel of the Muskegon River.
Greenwood peat, at depths of 6" to 18", is the soll type
found here. Leatherleaf and biueberry were dominant in
that order. Pigeon wheat moss (Polytrichum) covered the
ground and traces of grass were‘present. |

1950--A cover map was prepared of this plot and on
comparison no change was noted. This plot probably has not
been influenced by the flooding.

Summary--There was no change.

Plot lOB3

This plot is located in the SW 1/4,SE 1/4, Sect. 5,
T23N, R4W near the Junction of the Dead Stream and the
Muskegon River.

1939-~Black ash, approximately 40 feet in height and
averaging 132 years in age dominated the plot. Black ash
exhibited buttressing to a degree. Some red maple was

present. These trees averaged 35 years in age.
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1941--The ground was completely covered with water and
most of the ash appeared half dead with only a few leaf
bearing branches on each tree.

1943--Ash appeared to be fairly healthy. Diameter
measurements teken in 1939 and agein in 1943 indicated an
increase of 1l.%4" for the ash and 1l.1*" for the maple.

1946--There ﬁas no apparent change in the plot except
esteblishment of aquatic vegetation which was not identified.

1950--At this time thirteen black ash were still alive,
five were dead. Only one red maple remesined living.
Branches, bearing leaves, were found only on the middle
third of the trees. This was true of both the ash and
maple. Clumps of bluejoint were found growing near the ash.
Duckweed covered most of the surface and a tangled mass of
vegetation, presumasbly Riccia, was found beneath the surface.
Water-arum (Calla palustris) bur reed, and blue flag (Iris
versicolor) were present Juét outside the southwest cbrner.

Summery--This plot has been continuously covered with
water since early 1940. Black ash and red maple lost more
than two-thirds of their foliage soon after this plot was
flooded but many of the ash survived. Red maple does not
seem to be as resistant to flooding as does black ashe.
Bluejoint and other aquatics have become established, in
response to ample moisture and the reduction of the canopy

which permits more light to enter.
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Plot 114g

This plot, one rod square, is found in the SE 1/4,
SE 1/4, Sect. 36, T24N, RSW. "

1939--Red-osier dogwood, speckled alder, traces of
willow, with ground cover of sedge and bluejoint constituted
the cover at this time.

1943--Red-osier dogwood, speckled alder, and sedge was
growing thriftily.

1946--No apparent change, except growth of the above
named species, was noted.

1950--Sedge was the most abundant ground cover. Red-
osier dogwood, speckled alder, and willow was growing at
heights of twelve feet.

Symmary--This plot is located outside the flooding zone,
therefore, any changes which have occurred are not

attributable to flooding.

Plot 12A5

This plot is loceted in the SE 1/4, NW 1/4, Sect. 17,
T23N, R4W near the eastern border of the Hay Marsh.

1939--Vegetation consisted of reed grass, alder shrubs,
leatherleaf, and sphagnum moss (Sphaguum spp.). A red pine

seedling was also present.
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1943--Alder and grass was dying. Birch and meadow
sweet, not recorded in the original survey, was dying.
The red pine seedling was not found. Leatherleaf and
willow (not mentioned in the first analysis) appeared to
be healthy.

1946--Leatherleaf dominated one-third of the plot.
The rest was open water.

1950--Leatherleaf, in good condition, occupied the
western border of the plot. A clump of willow with a few
leaf-bearing twigs occupied the northwest corner. Midway
along the south line of the plot, a clump of meadow sweet
and leatherleaf with intermingled stems of bluejoint was
found. Bluejoint and leatherleaf grew in the center of
the plot. Bladderwort was the most abundant aquatic in
the plot. In lesser quantities, were found water milfoil,
duckweed, marsh cinquefoil, and smartweed.

Summary--Leatherleaf has shown its resistance to
flooding. Blédderwort has invaded the plot and has become
the most abundant aquatie. About the plot, willow and
meadow sweet were very plentiful. West of the plot,
speckled alder was growing. A clump of cattail was seen
approximately 200 yards southwest of the plot. Vegetation
has formed floating mats both in the plot and between the
plot and the edge of the flooding. It is not knowhow long

this condition has been present.
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Plot 1301

This quadrat is found on an island in the flooding north
of the Michelson boat landing. Its location is E 1/2,
SE 1/4, Sect. 18, T23N, R4W.

1939--Cover consisted of white birch, aspen, red maple,
red osk (Quercus rubra), and one white oak (Q. alba).
Shrubs were red-osier dogwood and blackberrj. Goldenrod,
bracken fern, wintergreen (Gaultheria procumbens ),
partridge-berry (Mitchellg‘repens),“pigeon wheat moss, and
Aster spp. made up the ground cover.

1943--Little change was noted except for sedge which
had become established in low spots.

1946--Sedge and grass was becoming more prominent.
Bracken was less plentiful. Beaver had cut &ll the aspen.

1950--White birch was the most abundant tree followed
by red maple. Red oak, white oak, and one cherry comprised
the rest of the timber species. Reproduction of white ash
and red maple was good. Bluejoint and bracken were in
abundance on the floor. Meadow sweet and sedge was found
in the southeast corner of the plot.

Summgry--Aspen was eliminated by beaver and apparently
white birch will be replaced by white ash and red maple.
Although the water table has been significantly elevated,
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there has been no apparent damsge to timber species growing
there. Dogwood and blackberry disappeared and bluejoinﬁ

became the most abundant plant on the forest floor.

Plot 14Bg

This plot is located in the SE 1/4, NW 1/4, Sect. 19,
T23N, R4W.

1939--A dense coppice of second growth soft maple and
black ash saplings two and one-half feet in height dominated
this plot. Occasional red-osier dogwood, willow, and blue
beech (Carpinus caroliniana) were seen. Elm, which was
left when the ash and maple’was cut, dominated in size
but not in number. Ground cover consisted of sedge, rye-
grass (Lolium spp.), moss, strawberry (Fragaris spp.), and
ferns. | _

1943--Soft maple was still alive after continuous
flooding. Most of the ash and elm was dead.

1946--A few ash were still alive. Floating and sub-
merged aquatics had become established.

1950--One black ash had five twigs which bore leaves.
All other trees were dead. Flat-stemmed pondweed occupied
most of the plot. Waterweed and coontail occurred as

single plants scattered through the bed of flat-stemmed
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pondweed. Floating-leaf pondweed, bur reed, spike rush,
and spatter-dock were found outside the plot.

Summary--All timber, with the exception of one black
ash, succumbed to flooding. Flat-stemmed pondweed, which
is perhaps the most common submerged aquatic in the entire
flooding, probably was one of the first aquatics to be
established after the impoundment.

Plot 15B,

This plot is located 100 feet northwest of plot 14B5.

1939--This plot contained a stand of aspen 40'-60' in
height and white ceder 18'-25' in height. From the data,
it appeared that white cedar ﬁas succeeding the aspen.
Ground cover was lacking.

1943--All trees were dead. Aspen, quick to rot, was
beginning to fall.

1950--White cedar trunks were still standing. Aquatie
plants were plentiful with a mixture of bladderwort, horn-
wort, waterweed, water milfoil, and flat-stemmed pondweed
being present.

Summary--Aquatic plants became dominant as no timber
species survived. White cedar and aspen died soon &after

flooding.
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Plot 17C,

This quadrat is located in the N 1/4, NW 1/2, Sect. 20,
T23N, R4W.

1939-~Jack pine dominated the plot. Shrubs consisted
of one Viburnum, and one shad bush (Amelanchier cansdensis).
Ground cover consisted of bracken fern, blueberry, trailing
arbutus (Epigseg repensg), snd goldenrod. Pigeon wheat moss
was found over most of the surface.

1950--After flooding, the water table was raised until
it was but a few inches below the surface of the ground.
Despite this fact, little change was noted from 1939 to
1950. Jack pine, by 1950, was still alive, although only
about one-third of the upper branches bore needles. This
may have been due entirely to natural pruning but outside
the plot it was noted that several jack pine were dead.
Bracken fern and blueberry constituted most of the ground
cover.

Summary--Jack pine appears to be very adaptable to
changing moisture conditions, probably due to the fact
that the root system is moderately shallow.

Plot 19

Plot 19 1is a new plot. It was established in the
summer of 1950. It is located in the NW 1/4 NW 1/4,
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Sect. 17, T23N, R4W. It is a square rod in size and may
easily be seen from the river. This plot is typicai of
the vegetation in the immediate area and was utilized to
a great extent by fall waterfowl concentrations.

The most abundant aquatic was floating-leaf pondweed.
Its leaves covered most of the surface of the plot. Water
smartweed was present as an occasional scattered throughout
the plot. A stem of wild rice was present in the north-
east corner of the plot and surrounding the plot could be
seen scattered patches of bur reed. The floating-leaf
pondweed produces an abundance of seed considered prime
waterfowl food. The stem of wild rice suggests invasion
of this area by this species. Wild rice was not seen
growing south of this plot. The hignh density, at the
present, of floating-leaf pondweed should make evaluation
bf successional changes in the future of this plot an easy

matter.
Plot 20

Plot 20 is located in the SW 1/4, SW 1/4, Sect. 8,
T23N, R4AW. It was established in 1950. Its area is one
rod square. A mixed plant community exists in the immediate

surroundings and for this reason the plot was located heres.
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A stand of bur reed 3' x 10' in extent was located in
the northeast corner. Anéther étand of bur reed was also
located in the center of the plot, its size being 2' x 2°'.
In the southwest corner of the plot, there was found a
small stand of.bur reed. Floating-leaf pondweed covers
most of the open water with stems of flat-stemmed pondweed
and waterweed scattered through the plot. |

Cattail is growing 75-100 feet north of the plot. Wild
rice, bur reed, and cettail was also seen as scattered
clumps about the plot. A pure stand of bur reed was found
100 yards north of the plot.

Future study of this plot should indicate the progression
or recession of wild rice, bur reed, and cattail in this

vicinity.

Plot 21

Plot 21 was established in 1950 on the east bank of the
Muskegon River fifty yards below the Junction of the Dead
Stream and Muskegon River. The vegetation zones of the
stream border are found in this plot.

The northern one-half is dominated by bur reed with
scattered wild rice and bulrush stems. The eastern boundary
of the plot is composed of cattail, scattered on the north
of the line, becoming dense on the south end. Bluejoint

grows sparingly in assoclation with the cattail. The south
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one-half, excepting the eastern border, is composed chiefly
of wild rice with a mixture of white water l1lily, bulrush,
water smartweed, and bur reed. Just south of the plot, a

bed of swamp loosestrife, 8' x 8' in ares, was established.
Summary of Plot Anclyses

An accurate account of the vegetational changes which
have occurred since the area was flooded cannot be made for
several reasons. Actual boundaries to be created by the
flooding were not known at the time the study plots were
established and some of the areas subjects to greatest
change were not included in the initial study. Identifi-
cation of aquatics establishing themselves as succession
progressed was not made and finally no phytosociological
methods were used which insured accurate qualitative and
quantitative data. This is no reflection whatever on those
who realized a need for a long term study of such a project.
Rather it shows the short-comings of such work and the need
for a standardized procedure to bé used in this type of
study. It is felt that much information gained was useful,
and to be consistent analysis of the plots in 1950 was
conducted in the same manner.

The most definite information gained was that of the
survival of different forest species when subjected to

flooding. White cedar, usually found on moist sites, was
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one of the first species to die. White cedar in healthy
condition is growing at present in the Dead Stream Swamp
on soil that is saturated, pools of water being evident
throughout the locality. Apparently this species dies
quickly after the shallow root system has been covered by
water for an appreciable length of time. Jack pine, usually
found on dry sandy sites, is at present growing near the
edge of the backwater. The water table is but a few inches
below the surface but apparently the elevated water table
has had no effect on the jack pine which at maturity usually
has a rather shallow root system.

Black ash appears to be the most resistant of all timber
species to flooding. A study plot, located near the junction
of the Dead Stream and Muskegon River, has at present 13
black aéh trees which are still living. Although this plot
is located far from the dam, it has been continuously
flooded since 1940. Apparently the depth of water to which
the tree is subjected has a bearing on its survival. In
other areas of the flooding, black ash which are standing
in three or four feet of water are dead; those in water
six inches to two feet continue to survive. Studies in
I1linois (Yeager 1948) on the effect of flooding timber
species shows white aéh to be a very resistant species.

Black ash and white cedar, though dead, have remained
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standing. Aspen appears to be very susceptible to rot after
dying and soon topples into the water.

Red meple 1is another species which is resistant to
flooding though apparently not to the degree exhibited by
black ash. Both species lose their crown and only a few
leaf-bearing twigs remain.

Willow shrubs are very resistant to the effects of water
covering the root system. An acre or so of willow persists
in the flooding where the depth of water is four feet and
although most of it is dead an occasional leaf-bearing twig
may be seen. Further back from the river but in territory
that is flooded to depths of one to one and one-half feet,
willow appears healthy and thriving.

Plots 545, 6A2, 7A2, and 8As, located in a section of
the river bottom where water was of sufficient depth to
effect drastic changes in the vegetation, ylelded information
on the survival of grass and sedge which were dominants at
the time these plots were established. Unfortunately, no
data are available between the years 1940 and 1946, but
evidence strongly suggests that bluejoint is not as tolerant
of substantial increases in the water level as is sedge.

It may be that before flooding, bluejoint occupied most of
the Hay Marsh area, while sedge existed in the lower spots

or depressions in the stream plain. The fact that scattered
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sedge clumps make up the present western border of the Hay
Marsh indicates that bluejoint is not able to survive water
depths of three feet or more. East of the border, water
depths gradually decrease, sedge clumps grow in closer
proximity to each other, bluejoint begins to appear, and
the stand eventually becomes closed.

The establishment of submerged aquatics followed closely
the recession of grass and sedge. Probably many of these
aquatics were present in the Muskegon River before it was
flooded and spread gquickly when conditions became favorable
for growth. Pirnie (1932) reported beds of sago pondweed,
but for the most parﬁ, submerged vegetation was lacking.
Coontail and smartweed were mentioned in early findings
of the study plot analyses. Floating-leaf pondweed,
bladderwort, water milfoil, water marigold, and flat-stemmed
pondweed are now the most important of all the submerged
aquatics. Of these, flat-stemmed pondweed is found in
greatest quantity.

Wild rice, according to local residents, was not present
before flooding, but after impoundment, was obtained from
the beds in Houghton Lake, and planted in the Muskegon
River. Whether that be the case or not, wild rice has
spread rapidly. At present, it is restricted mainly to

mud bars covered by running water, but the presence of
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scattered stems in the standing waters at the north end of
the pond suggests spreading by this species.

Bur reed is one of the pioneer aquatics. Pirnie
(verbal communication) has found that often it appears
éfter flooding and apparently is able to seed more quickly
than other emergent vegetation. Probably it was present
before flooding and then came in as soon as the sedge and
grass sod was destroyed. It seems to be a competitor of
cattail, in that it occupies sites which undoubtedly would
support good stands of the latter. Observations indicate
that bur reed is able to grow in deeper water than cattail
possibly because of its ability to seed in at greater depths.

The status of cattail in the flooding is not clearly
understood. Pirnie (1932) reported small stands of cattail.
Its spread has not been as great as that of bur reed.
Whether cattail will eventually replace bur reed remains
to be seen. Ungquestionably, cattail is to be preferred
over bur reed, especially from the standpoint of muskrat

production.
Waterfowl Investigation

This unit of the study received more time and attention
than did any other phase of the projJject. Inasmuch as the
waterfowl investigation was one of the primary objectives,

it was felt that the study should include more than the
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duck brood census. Therefore, in addition to brood counts,
the summer populations and fall build-up, a check of the
hunting season, and a breeding bird census were included.
The stages of the waterfowl investigation are here described
in chronological order, from the return of ducks in the
spring to the hunting season in the fall. During the winter
months of 1950-1951 the area was not under observation.
Although stretches of open water may be found for some
distance after the Muskegon River leaves Houghton Leke, in
the flooding itself, and below the dam, so few waterfowl
are found after the freeze-up it is evident that little use

is maede of this area in winter.
Breeding Bird Census

The easiest and most economical method of determining
a nesting population is to conduct a census of breeding
birds. The Fish and Wildlife Service, in determining the
spring breeding population, uses established aerial transects
(Special Scientific Report 1949). This type of censusing
is applicable to the expansive areas of the Canadian shield
and prairie, but smeller units, such as found in Michigan,
are more effectively and accurately covered by boat or on
foot,

A breeding duck census is based on the fact that during

the period of egg leying and early incubation the birds
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remein paired and mey be seen on the male's territory.
Although the female may not often be seen-during incubation,
the drake is usually present on the loafing spot or on a
special out-of-territory waiting spot. Such pairs may be
distinguished from transients by their reluctance to leave
the territory; when flushed they usually circle the intruder
and seldom fly far (Hochbaum, 1944).

There are drawbécks to this method of estimating a
breeding population. One of the most serious lies in the
fact that the census may not be conducted at the proper time.
Adverse weather conditions may delay the return of ducks
in the spring, or favorable weather may accelerate their
migration. Arrival dates for the various species which
nest in the area vary considerably. At best, a breeding
bird census can only indicate trends in production.

A breeding bird census was conducted by M. D. Pirnie
on June 3 and 4, 1950. His coverage by boat extended from
Mead's Landing on the lMuskegon River up the Dead Stream
to Coal Creek, back down the Dead Stream to ﬁhq,uuskegon
and then south on the latter for approximately two miles.
Thirteen pairs of ducks were observed: blue-winged teal
(6), mallard (1), wood duck (2), and ring-necked duck (4).
Also seen, but not paired, wéré black ducks, lesser scéup,
and hooded mergansers. The data thus obtained were

consistent with my later findings on duck broods, but
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only to the extent that it indicated what species were
nesting in the area. There was no correlation between the
number and species of breeding pairs and the number and
species of duck broods observed at a later date.

A census conducted Mey 13, 1951, did not disclose as
many breeding pairs as d4id the léter period a year previous,
nor was the coverage the same. The area censused in 1951
included the flooding from the Reedsburg boat landing to
the mouth of the Dead Stream. Groups of golden-eye, lesser
scaup, mallard, black duck, wood duck, blue-winged tesl,
ring-necked duck, and hooded merganser were seen. Presumably
the golden-eye and lesser scaup were transients while the
others may have remained in the area to nest. During the
census two pairs of blue-winged teal, two pairs-of ring-

necked ducks, and one pair of black ducks were seen.
Area Method of Brood Study

The flooding area has been broken down into seven
different units based on cover type and location. Such a
division has made it possible to locate areas of duck brood
utilization. Not until the entire area had been covered
and duck broods had been found was it apparent that these
natural units existed. If duck brood censusing is conducted
at a future date, it is felt that time will be saved if
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only these areas are checked. The total hours given for
censusing each area are reascnably accurate but do not

include travel time to and from the areas.
Area I

Area I includes all of the Hay Marsh north of an east-
west drainage ditch shown on map III. This area is
characterized by a heavy growth of bluejoint and sedge
except for the southwest corner where the cover has been
opened. Drainsge ditches cut in this marsh years ago to
improve conditions for harvest of the hay, made & greater
coverage possible. A duck boat was pushed through these
ditches and out into openings. Wading in this area proved
to be impracticable because of water depths (two-four feet)
and the height of bluejoint and sedge. Broo&s were often |

seen crossing the ditches. An estimated total time of 25

hours was spent in this area.

Area 11

This area includes the open water of the river flats,
between the open channel of the river and the western border
of the Hay Marsh. This area extends from the east-west
drainage ditch on the north southward to the island shown
on the map. The width of this strip is fully 400 yards

in some places. Vegetation includes dead willow (excellent



Figure 18. Brood Census Area I.

Upper: The Hay Marsh as it appears near the river. There

is good interspersion of cover.

Lower: The east-west drainage ditch which forms the southern
boundary of Area I. This photo was taken 1/4 mile from the
river with the camera pointed west. Note the lack of openings
in the gress-sedge cover.
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escape cover), beds of water milfoil, flat-stemmed pondweed,
water marigoid, bladderwort, and scattered stands of bur
reed and smartweed. This area was censused by boat.

Approximate time spent censusing was twenty hours.
Area III

The location of this area may best be seen by consulting
map III. It is a small isolated pocket found in the south-
west corner of a north-south ridge and an east-west ridge.
These ridges support heavy growths of speckled alder, blue-
Joint, sedge, and bracken. This flooded pocket contained
water too deep for wading. Dead trees, willow shrubs, and
clumps of bluejoint and sedgé constituted the vegetation.
Aquatic vegetation was not checked. The area was censused

on foot and the total time spent there was four hours.

Areg IV

This area was known locally as the ®*Hell Hole"™ and travel
conditions well Justified the name. It was located on the
west side of the river in flooded timber. The aerial photo-
graph taken of this region in 1938 shows a series of low
depressions, which in times of ample rainfall undoubtedly

were ponds, even before the dam was constructed.
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Figure 19. Upper: Brood Census Area 1I.
Lower: Brood Census Area III.
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Throughout this area all timber was dead. Some of it
had remained standing while other trees had fallen and
become waterlogged. Many old white pine stumps bordered
the eastern edge of the flooding. Sceattered clumps of
pickerelweed were present and smartweed appeared occasionally.
Star duckweed was found in mats on the bottom and watermeal
(fiolffia columbians) covered much of the surface. Vegetation
6f the flooding boréer consisted mainly of sedge. Water
arum was present at the very edge of the flooding, indicating
standing water at previous intervals.

The area was censused on foot after access was gained
by the duck boat. White pine stumps, which were four to
five feet in height, gave command of large areas for
observation. A period of 12 hours was spent censusing

this area.
Area V

A large circular area was formed by the flooding Just
north and east of the Michelson boat landing. Vegetation
was similer to that described for Area IV except the area
was more open and flat-stemmed pondweed was the most
sbundant aquatic. It was censused by wading and by use
of the duck boat. Approximately eight hours were spent

censusing this area, but no duck broods were seen here.



Areg VI

Hey Marsh Creek, before flooding, joined the Muskegon
River west of Michelson. The banks of the stream have been
flooded back to the point where the creek turns and flows in
a southerly direction, which is about one-half a mile from
the general flooding. Dead black ash, elm, aspen, and
white birch were present along the course of the backwater.
Cattail, bluejoint, and sedge were associates growing in
the shallows. Near the Muskegon River pond, the area
'widened, and along the periphery arrowhead was prominent.
Water milfoil and flat-stemmed pondweed were the most
abundant aquatics in the deeper water.

Census of this area was conducted on foot and although
no broods were seen, the habitat appeared to be excellent
for breeding wood ducks and hooded mergansers. Five hours

were spent censusing this area.

Ares VII

From Peterson's Landing on the west shore of North Bay
of Houghton Lake,'a drainsge ditch runs due west until it
joins with the flooding. It cuts through an old abandoned
railroad grade and shortly thereafter merges with the
general flooding area. At the point where the grade is
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Figure 20. Upper: Brood Census Area IV.
Lower: Brood Census Area V appearing as circular
area in the left center of the picture. Michelson boat

landing appears in upper right hand corner. Photo by k. D.
Pirnie.
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cut by the ditch, the flooding spreads more or less evenly
in all directions, describing a rather circular area, with
the 0ld grade bisecting it. The bank of the drainage ditch
is still apparent and covered with a dense growth of aquatic
and semi-aquatic vegetation. Bur reed and wool grass
(Seirpus spp.) are abundant with such species as spike rush
énd sedge preéent.

The aquatic vegetation growing in the drainage ditch
was also very dense. Waterweed and flat-stemmed pondweed
were the most abundant aquatics. A bed of large-leaf

pondweed (Potamogeton amplifolius) was found in the ditch

near the boint where it joined thé flooding. Water milfoll
was also present as well as a potamogeton of the foliose
type. In the shallower areas adjacent to the ditch flat-
stemmed pondweed, floating-leaf pondweed, water weed,
bladderwort, coontail, and spatter-dock had become
established. A bed of stonewort (Nitella spp.) was found
in the northwest sector of the dréinage ditch-failroad
grade bisection.

.Bur reed and cattail with a mixture of sedge constituted
the important emergent aquatics. There was also dead timber
present but much of it had fallen.

Total time spent here was ten hours, and the census

was conducted on foot and by boat.



Figure 21.
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Brood Census Area VI.
Brood Census Area VII.
Photo by k. D. Pirnie.
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Age Determination of Ducklings

It is essential to determine as accurately as possible
the age of a duck brood. OSpecies identification, age
determination, and the number of ducklings in the brood
are criteria which enable the investigator to follow the
pre-flight stages of development of a duck brood. Using
these data, periods of egg laying, incubation and hatching,
as well as brood movements, mortality, behavior patterns,
and growth rates may be computed. An accurate estimate of
age helps to put a *tag" on that brood and in this way
minimize the possibilities for repeat counting.

Study of recent literature (Special Scientific Report,
1943) reveals inconsistency amoﬁg various workers in
establishing criteria for placing ducklings in different
size classes. For instance, investigators in eastern
Washington have c¢lassified ducklings into three groups,
namely; 1/3 grown, 1/2-1/3 grown, and 2/3 grown. New
Brunswick biologists placed broods into three different
size groups. These were: Class I-up to 1/4 grown,

Class II-1/4-3/4 grown, and Class III-3/4 grown to full
grown. Workers in British Columbia employed the following
classification: O0-1 week, 1l-4 weeks, 4-8 weeks, and 8 weeks
to full grown. The criteria used by these investigators

to group their duck broods are not known.
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Hochbaum (1944 ) studied pen-reared birds and noted
their feather-deveiOpment and growth in size during their
pre-flight stages. Blankenship (1952) was able, under
ideal field conditions, to trace-the development of wild
ducklings from hatching to the flight stage. Freguent
observations permitted him to follow their growth closely
and he was able to classify their ages by weekly periods.

There can be no entirely reliable standards for
determining the age of a brood by its appearance. Available
food and length of day are factors in the development of
ducklings. There are differences in growth rates of
different species and Blankenship (1952) found variations
emong broods of the same species aé weli as variations
within a brood itself.

Accuracy of age determination is dependent upon the
length of time a brood is under observation. Cover was
so abundant in the Dead Stream flooding that all too often
only a glimpse of a brood was afforded. Rarely did
observations on a brood exceed a minute. Pursuit of a
brood for further observation was never successful. All
that could be hoped for were speclies identification, size

of the brood, and approximate age by class rating.
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In this study the following criteria were used to
record age or development of the broods.

Class I--Very small, bright natal down, under 1/3 grown,
no juvenal plumage feathers.

Class II--Down becoming faded, appearance of juvenal
plumage on shoulders and flanks, size 1/3 to 2/3 that of
the adult.

Class III--Nearly size of adult, 2/3 grown or more,
natal down if evident, chiefly on nape and rump.

In all but a few instances, species and size determi-
nation were made by using the adult hen as the standard of

comparison.
Recounting of Duck Broods

The possibility of duplication in counts of broods is
a factor that must be considered when an intensive survey
is made of an area. Recounting becomes a problem when a
unit is under observetion for an extended period and when
duck broods are able to move about freely, favored by
continuous habitat.

Little is known about the duck brood movements in this
area. Frequent sightings of certain duck broods having
the same number of ducklings, of the same species, of the
same size, and in the same general area lead me to believe

that some broods were being seen repeatedly. I usually
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made sightings of this nature while traveling in the boat
and not specifically looking for duck broods. Three ring-
necked duck ﬁroods are tabulated in this report, but more
than three observations were made of ring-necked ducks.

All ring-necked duck broods were seen in Area II.

On another occasion, a duck brood was reported to me by
a fisherman who saw it several different times while fishing
Coal Creek. ©Some time later the area was visited and a
brood of mallards found. Possibly there was more than one
duck brood using Coal Creek but the description given by
the fisherman checked well with my observation.

The two examples cited indicate that some broods tend
to remain in a rather localized area. Whenever broods
were found, they were checked against previously collected
data. If the last brood seen compared closely in size,
number, and location with a previously tebulated brood,
that observation was assumed to be a repeat observation.
The tables present, as far as possible, the actual number
of broods of each species seen and not a total of brood

observations.

Brood Data

Bennett (1938), in his weekly counts of young ducks
and females,ldiscarded the term "Brood Count" and simply
totaled ducklings and adults seen. The willingness of
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ducklings to abandon their mother for some other female led
to this decision. On this basis, he determined brood
average by dividing the number of ducklings by the number
of adult females.

In this study any group of ducklings of the same species
and size accompanied by an adult was considered a brood.
No unusually large broods (15 plus) which would be suggestive
of additions to the original family group were encountered.
Black duck, mallard, blue-winged teal, and ring-necked

duck females were seen with broods.
Table I

Brood Data on All Species

Average
Number No. of All Species .
of Ducklings Percent of Total Span of

Species Broods Per Brood Total Broods Ducklings Hatching

Black Duck 13 5.92 40.6 77 June 6-July 27
Mallard 5 5.8 15.6 29 June l-June 16
Blue-winged

teal 11 5.37 34.4 59 June 23-July 21
Ring-necked

duck 3 6.3 9.4 19 June 1l4-July 4
Wood duck 3

Unidentified 10
Totals 42 5.85 99.1 187
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The table is self-explanatory except for the computed
probable hatching dates. The problem of estimating hatch-
ing periods arises when inadequate data are obtained. Also
the ages of ducklings are difficult to determine, if broods
have not been under continuous surveillance during their
pre-flight stage. It has been brought out that there are
variations in growth rates of ducklings under different
conditions. Knowing that differences are more pronounced
between species, this has been taken into account in
determining the average age for the different size classes.
Hochbaum (1944), Blankenship (1952), and others have pointed
out the differént growth rateé betﬁeen specles. For example,
the blue-winged teal is capable of flight six weeks after
hatching (Bennett, 1938). The mallard, on the other hand,
requires a period of from 52-60 days (Blankenship, 1952).

The following estimates were usedmto compute probable

hatching dates.
Table II

Average Age for Size Classes

| o .___r__AE!‘A&é_%EQ
Species Class Class 1I Class 111
Black Duck 1l week 4 weeks 6 weeks
Mallard 1 week 4 weeks 6 weeks
Blue-winged Teal 1 week 3 weeks S weeks

Ring-necked Duck 4 weeks
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Table III

Data on Black Duck Broods

Number of Estimated
__Date Ducklings Class Area Hatching Date
July 4 T II I June 6
July 4 6 I I June 27
July 17 10 ITI I June 5
July 26 8 IIT II June 14
July 26 5 IT II June 28
July 27 8 III I June 15
July 27 2 III I June 15
July 28 6 II III July 1
July 28 4 II III July 1
July 28 7 III III June 16
July 28 2 III III June 16
Aug. 5 4 II v July 8
Aug. 24 8 II II July 27

The black duck did not show & decided habitat preference.
Of the 13 broods seen, 8 broods were found in the Hay Marsh
openings and surface weed beds and 5 broods were observed
in flooded timber.

Computed probable hatching dates show two peaks of
hatching. Between June 14 and 16, five broods were hatched

and between June 27 and July 1, four broods were hatched.
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Table IV

Data on Mallard Broods

Probable
Date _ Number in Brood Class Area Hatching Date
July 12 5 II  Dead Stream  June 14
July 12 9 III Coal Creek June 1
July 14 10 111 Iv June 3
July 14 4 I Iv July 7
July 28 1 III III : June 16

Definite conclusions as to the habitat preference of
the méllard are hardly Justified. Only five broods were
seen and two of these were found scme distance from the
general flooding area.

Hatching dates were distributed over & period of 37
days and data are insufficient to determine any hatching
period peaks.

The first observation of juvenals flying was made August
3, 1950. The length of the pre-flight period has been
computed to be 63 days.
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Table V

Date on Blue-winged Teal Broods

Probable
Date Number in Brood Class Area Hatching Date

July 1 5 I I ~ June 23
July 4 4 I I June 26
July 4% ? ? I
July 25 2 II I July 4
July 26 ] II I July 5
July 27 10 11 Iv July 6
July 28 6 II1I III June 23
July 28 8 III III June 23
July 28 6 I 111 July 21
July 28 7 111 III June 23
July 28 8 III III June 23

¥Brood identified as to species but numbers in brood and

size class not known.