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ABSTRACT

SOME METHODS OF WATERFOWL AND MARSH INVENTORIES

by Carl L. Bennett, Jr.

Because of the author's dissatisfaction with the more establ ished
techniques of marsh investigations, namely vegetation and duck inven-
tories, an outline for quickly and accurately obtaining basic data of
a more universal nature upon which marsh evaluation and/or further re-
search can be built is herein presented. The proposed methods, as put
forth, are for single marsh usage but can be adapted to marsh complexes
and even large geographic areas.

Vegetation inventories of two types are presented, each serving a
different function; plots placed at ecotones are used to determine
rates of prisere encroachment while stratified random sampling is used
for inventorying and for comparing subseres. Data are presented only
to illustrate since rates of vegetation encroachment and change are
undoubtedly marsh dependent.

Waterfowl inventory methods for nests, broods, and hunting season
kill are presented. Kill and nest inventory methods are modifications
of previous techniques while the brood inventory is a sampling proce-
dure based on the assumption that as the number of different broods
seen Increases it becomes progressively more difficult to see a "new"
brood; and the rate of this decline follows a logarithmic series curve.
Data for the nest and kill inventories are again only for illustration

but substantiating data for the brood inventory method are included.



Usage of these proposed methods allows the yearly collection of
data in a relatively short period of time even by different observers
with a minimal lack of continuity. Thus, statistical treatment of data
to evaluate research findings and to predict the effects of management

practices is possible.
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INTRODUCT ION

Marsh investigational techniques, especially vegetation sampling,
are many, diverse, and of varying degrees of accuracy. When investi-
gators repeatedly and somewhat sporadically study different marshes,
results often lack continuity. Even when the same techniques are em-
ployed, because of original design, data are still not quantitatively
comparable.

A resumé of techniques now in use, with a short critique of each,
is included under each section and will not be presented here. Each
section Is designed as a complete entity to save wear and tear on the
reader's mind.

The proposed methods are based on studies conducted in Saginaw
County, Michigan, at the Shiawassee Refuge of the U. S. Fish and Wild-
life Service, where | worked as a Student Assistant; at the Erie Shoot-
ing and Fishing Club in Monroe County, Michigan, where | studied as a
research waterfowl biologist under a grant from the Erie Research Com-
mittee; at the Conservation Department's Rose Lake Wildlife Research
Center, Clinton and Shiawassee counties, Michigan; and at the Gratiot-
Saginaw and Maple River state game areas. Studies at Rose Lake and on
the game areas dealing with waterfowl and vegetation inventories were
either conducted or supervised by me in my present capacity as bio-
metrician for the Michigan Department of Conservation.

Before proceeding further, | wish to establish that these pro-

posals have arisen from the negative rather than the positive point of



view. While at both the Shiawassee Refuge and the Erie Club, | fol-
lowed previously established techniques of inventorying vegetation,
duck nesting, and duck broods. Many doubts arose in my mind as to the
actual worth of the techniques. Most of the methods proposed have had
~only weak field testing at best and are suggested because of my dis-
satisfaction with the established techniques.

Some of the vegetation inventories herein discussed | instituted
while at the Erie Club in 1961, with the assistance of Walter A. Matulis
and Dennis Drumm. These inventories have been continued since that
time. In 1964 two Conservation Department aides, under my direction,
inventoried the vegetation on part of the Maple River State Game Area,
the results of which are included to exemplify a particular use.

At an impoundment on the Rose Lake area, Center personnel and |
have and still are testing my proposed method of estimating broods.
The survey utilizes an observation point placement and sampling system
devised by Robert Heath and John Kadlec.

| am not going to consider surveys of waterfowl during spring or
fall migrations. Nor am | going to consider a "breeding pairs" survey,
the validity of which | strongly question. Also, | am not including
a method for making use estimates during the early fall shuffle. The
reason for not considering these surveys is simple: | have no method
to offer.

Some proposed methods for vegetation and waterfowl inventories
are presented for consideration. Ways of estimating total waterfowl

production on an area are somewhat archaic and a better method is badly



needed. In an attempt to fill this gap | have devised a method that
seems to work on one particular type of impoundment, and through modi-
fications may work elsewhere. There are in existence good methods of
estimating duck kill; these are included. Also | include a duck nest
inventory method that is old in design but new in philospphy.

Proposing of these methods is in no way an attempt to create hard
and fast guidelines. | assume investigators will continue to display
individualism in type and scope of research projects, but by also in-
corporating these standardized methods time can be saved and continuity
preserved.

Certain background data are necessary to form a good working base
upon which to superimpose the methods. An outline of these data and
their contributions is included in the appendix (Necessary background
information).

Throughout the paper the word "technique" will be used when the
work plan was someone else's idea. For my proposed work plan | will
use the term "method" to save confusion. Also the terms "survey,"
"census," "inventory," and "sample" will occur many times. The best
way to show their use and meaning is in the following sentence, "An
inventory is the result of a survey accomplished by either sampling or

censusing."



VEGETATION INVENTORY

SUMMARY OF EXISTING TECHNIQUES

Most techniques of vegetation inventory have been developed for
timber and grasslands while marsh and aquatic habitats have been some-
what neglected (Loveless, 1957). To try to use the techniques employed
in grasslands and in timber stands does not seem appropriate since de-
veloped techniques are based on growth habit and growth form of the
plants (Brown, 1954; Hasel, 1954).

Nevertheless, some investigators cognizant of the drawbacks have
tried to census marsh vegetation by applying techniques developed for
grasslands. For example, point sampling (Brown, 1954; Subcommittee
on Range Research Methods, 1962; Greig-Smith, 1957; Coupland, 1950)
which is of questionable accuracy even in grasslands (Brown, 1954;
Greig-Smith, 1957; Blackman, 1935; Goodall, 1952) has been tried as a
technique to inventory marsh border (Sincock and Powell, 1957; Berg,
1956) and aquatic vegetation (Uhler and McGilvrey, 1965).

Other investigators, who appeared aware of the necessity of a sur-
vey technique unique to marsh vegetation and flexible enough to circum-
vent differences in growth form between marsh border and aquatic plants,
devised new techniques of varying degrees of accuracy. Generosoff
(1934) first mapped the area, then traversed it estimating plant abun-
dance and graded the density per species on a decimal system within
marsh sections. By knowing the areas involved and percentage composi-
tion of their vegetation, he calculated the approximate acreage of

stands of any plant species or group of species. He also made stem



counts on "selected" one-meter quadrats to determine "medium" density
for each species; those biased counts were used as standards for the
density ratings.

Siegler (1941) walked segments or total shorelines listing the
number of times a particular species occurred alongside of his right
(or left) foot. He needed a list of species present before starting
and could census only two species per trip. He also felt that quad-
rats may be necessary to help analyze and correct the total picture.

Stoudt (1944) used basically the same system as Generosoff (1934)
with one important exception. After having type-mapped the vegetation,
he checked seed production of the various waterfowl food plants occur-
ring along the marsh border and computed the percent frequencies of
the purely aquatic food plants.

The bulk of the techniques for inventorying marsh vegetation have
utilized some variation of the transect method which Dorothy Brown
(1954) stated was best for vegetation which traversed a land gradient.
Transects have also been used in timber (Pielou, 1962) and grasslands
(Rice, 1952).

True transects (Penfound and Hathaway, 1938), line transects
(Siegler, 1941; Beard, 1953), line transects with systematically placed
plots (Anderson, 1950; Jessen and Lound, 1962; Keith, 1961), line
transects with randomly located plots (Loveless, 1957), l|ine transects
of variable direction (Swindale and Jahn, 1956) and randomized tine
transects (Uhler and McGilvrey, 1965; Berg, 1956) are illustrations of
a few of the variations that have been ¢ried. Excluding the transect

work of Penfound and Hathaway (1938), the investigators used line



transects, usually with quadrats along them. Basically the use of this
technique stems from a desire for quantitative data but an unwillingness
to spend considerable time collecting it.

Some of the waterfowl refuges under the jurisdiction of the U. S.
Fish and Wildlife Service have had repeated vegetation inventories from
staked plots placed at ecotones* along line transects (Bennett, 1960;
Robert Meeks, student assistant, Seney Refuge, 1960, personal communi-
cation).

Subjective inventories based on relative frequencies are biased
and not suitable for yearly comparisons; actual measurements of both
expanse and composition of plant communities are needed. Therefore,
cover maps should be the result and not the agent of marsh inventories.

Penfound (1945) presents evidence suggesting that frequency is
the most artificial and least important manner of inventorying vegeta-
tion compared to cover (measurements on the amount of ground area
shaded by each species) and density (stem counts). Also the relation
of density did not change with quadrat size, number of species present,
or the total plant cover, which suggests that density is a true quanti-
tative condition and hence more reliable than frequency or cover.

The use of permanent transects with systematically placed plots
has three possible drawbacks: first, the validity of calculated con-
fidence limits is questionable; second, the accuracy of the sample ver-
ies inversely with the number of vegetative communities within the
marsh; and third, the transects are usually not randomly picked. This

means that the accuracy of such a vegetation inventory is neither

*¥As used by Clarke, 1954.



calculable nor independent of the marsh. However, a systematic sample
can serve a useful function when used as a subsampling technique with-
in a particular vegetative community (where the assumption can be met
that the variability between samples is greater than the variability
within subsamples which allows pooling data collected from subsamples
(Cochran, 1953) and treating them as a single sample).

Even the use of randomly located transects, regardless of how the
quadrats are placed on them, does not seem highly efficient to me.

The sampling unit is still the transect; the quadrats are subsampling
units. Thus variability measurements are between transects and not
between quadrats over all transects.

Establishment of permanent transect lines with staked plots at
ecotones has two possible drawbacks: The first is merely mechanical--
stakes are hard to keep placed and hard to find; the second Is statis-
tical--plots are not representative of the marsh because they are not
randomly selected and sample only transition zones. "Ecotone Transects"
(as | choose to call them) can serve a useful function but will not

stand alone as an adequate marsh vegetation inventory.

THEORY
When | attempted to devise an adequate sampling scheme calling for
minimum effort expenditure, it came to mind that two greatly different
situations are likely to occur in any given marsh--prisere* (primary
succession) and subsere** (secondary succession) areas.
*¥As used by Clarke, 1954.

*¥¥%pAs defined by Hanson, 1962.



The rate of change in plant composition within and the rate of
edge movement outward for a prisere area is markedly different (usually)
slower in vegetative change and faster in edge movement) from those
same rates in a subsere. Therefore, maybe priseres should be studied
with emphasis on rate of encroachment while subseres should have the
emphasis upon vegetative changes, albeit much of the rate of change
with respect to time depends upon the amount and duration of inundation.

| think an "Ecotone Transect" technique will yield enough desir-
able information to compensate for the hardships encountered when uti-
lizing permanently located stakes.

Two different uses are, | believe, possible. When the transition
zone is extremely narrow (emergent vegetation and open water as an ex-
treme example), measurements from stake to edge for several years should
yield data that can be used to calculate the rate of edge migration
with respect to time and corrected for differential water depths by us-
ing @ multiple regression. The second use stems from the occurrence
of wider and more complex ecotones. Possibly by sampling within the
transition zones the changes in species composition over several years
will provide data which can also be used to determine rates of en-
croachment through either inverse relations projected with regressions
or through ratios projected by an appropriate mathematical series to
the zero point.

A side benefit of using "Ecotone Transects," assuming they are
laid out with transit and tape, is that measurements across homogeneous

vegetative types are available for scaling air photos.



It has been my observation that most subsere areas (most experi-
mental plots are in this category) change rapidly in vegetative compo-
sition, with reciprocating encroachment that Is of little consequence
in determining the time of reversion back to the vegetation present
before disturbance. This being the case, | feel the most important
aspect to be considered is the rate of change In plant composition. A
form of stratified random sampling (Cochran, 1953) then becomes the
most logical tool to use. The sampling plan can be devised for deter-
mining the change in the gross number of species, for an inventory of
the major species, for an inventory of total duck food available, and/
or for determining a rate change of primary species to secondary species
over time.

The latter possibility can be used for evaluating a management
technique in terms of money spent to length of time it is useful. The
duck food production inventory, | think, is useful when one wishes to
compare two different subsere areas (test areas primarily), if differ-
ences in species composition per se cause no hardship In making the

contrast.

FIELD USE

| think a combination of both "Ecotone Transects" and stratified
random sampling should be employed in a marsh subjected to frequent
study, especially if research continuity over time Is desired. When
only single or sporadic vegetation censuses are needed, the usefulness

of the "Ecotone Transect" is lost and is not worth the time and effort.
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Plot size for emergent and marsh border vegetation should be 1/4
mi lacre. Milacre quadrats would mean fewer plots and less "edge ef-
fect," but because of the tendencies of clumping and dispersion, a
greater number of plots of smaller areas, | believe, are more suited
to my purpose. Cochran (1953) believes that large sample units are
nearly always cheaper but often less precise.

For sampling submerged vegetation a larger quadrat seems appro-
priate (Curtis and Mcintosh, 1950). | have used | milacre quadrats
for this purpose.

Several attempts at obtaining quantitative data from submerged
sampling units are described in the literature (Swindale and Jahn,
1956; Swindale and Curtis, 1957; Tryon, 1954; Jessen and Lound, 1962;
Anderson, 1950; Keith, 1961; Loveless, 1957) but seem to fall into two
categories of deficiency: too time-consuming or too inefficient for
good quantitative data. | have no tested technique to submit; only one
to suggest. Possibly density calculated from frequency using the
Poisson distribution as outlined by Blackman (1935) is not altogether
erroneous for areas having haphazard water fluctuations or in newly
created areas. | suspect from my field experience that the distribu-
tion of plants immediately following a major habitat disturbance Is
closer to being random than in established communities.

The question as to how many plots should be taken will need answer-
ing each time a survey is to be conducted. The burden of such a de-
cision rests solely with the investigator. The ideal situation is to

have time and money to run a "thumb-nail" investigation (take a few



samples to determine amount of variability), the data from which can
be used to roughly estimate desired sample sizes (Cochran, 1953). |If
this is not possible, either use data from elsewhere if available as
a basis for selecting the number of plots, or use your own knowledge
of the area.

Cain (1937) suggested a method for determining the break (point
where a 10 percent sample gives a 10 percent Increase in species) in
the species-area curve. Penfound (1945) suggested that a sample at
least ten times the number of quadrats obtained from the break in the
species-area curve is necessary for a proper quantitative sample in
plant community analysis.

The locations of randomly picked plots can be determined by com-
pass and pacing at time of survey. Jolly (in Brown, 1954) and Greig-
Smith (1957) both state that randomly picked plots need not be accu-
rately located and that pacing is quite adequate.

Data collected at each 1/4 milacre quadrat should include the
density, height, and seed production for each species and possibly the
percent of cover per layer. Sampling just percent cover per layer of
each species has too many possible year-to-year discrepancies regard-
less of consistency among observers. These stem from differences in
temperatures, solar radiation reaching the ground, time and duration
of Inundation, etc., from one year to the next. Also the usefulness
of purely cover percentages is quite limited even when the afore-

mentioned inconsistencies are non-existent.
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Suggested outline for "Ecofone»Transecf" sampling

Ecotone Transects are picked; not random. The idea is to place
the transect so that both beginning and ending stakes are easily found
and are not likely to be lost due to ice or some other factor, and so
that the line crosses several major ecotones. The number of transects
varies with the marsh but relatively few are necessary. At the Erie
Shooting and Fishing Club, | established ten transects (five of which
were extremely short and measured a single vegetation-open water eco-
tone In which | had a greater interest) which contained a total of 54
quadrat stakes (Appendix, Figure | and Table 7).

Each transect should be laid out by a transit and tape to aid in
subsequent locating of stakes. Each quadrat stake should be placed at
an ecotone in a systematic manner, i.e., at the point where each eco-
tone Is first encountered, then the quadrat itself should be positioned
in a predetermined relation to stake and transect line.

The data obtained from the quadrat inventory can then be used to
determine edge migration through the use of regressions on the inverse
relationship between the two adjacent vegetative communities. The
slower the rate of edge migration the more useful this technique.

When edge migration is fairly rapid, then measurements from stake
to edge for successive years is probably the most useful for rate
(either positive or negative) determination through regression analysis.
It is theoretically possible to determine the rate of closing of shal-
low open water areas with these data plus water depths and inundation

data using a multiple regression.
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As noted previously, these transects seem to fit prisere areas
better because the rate of change in vegetation composition is rather
slow and often one community Is pushed out by another. Water levels
that differ from year to year in depth, period of inundation, and time
of inundation increase the complexity of the analysis but do not rule
out the possibility of rate determinations. Rates are then predictable
under particular sets of conditions. When data of this nature are
available, results of management techniques based on water control are
predictable in terms of edge migration.

| am well aware of several situations that can and do arise to
confound transect results. As an example, muskrats may over-utilize
the vegetation at times of high water preceded by low water that pro-
duced lush growth; but in this case muskrats are one of the factors of
a particular management technique that can be accounted for in predict-
ing the rate of edge migration.

Rates of edge migration undoubtedly follow curves other than line-
ar and are probably governed by conditions in the particular marsh.
Hence, the particular curve for such rates in each marsh must be deter-
mined using data from that marsh.

Stratified random sampling should be used to determine the actual
abundance of species. Results can then be used for several different

analyses.

Suggested outline for random sampling

Stratify the area in question into a series of fairly homogeneous

vegetative types. Indirect stratifications may be done according to
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elevations and/or water levels, soil series, or from air photos.

Determine the number of plots necessary for prisere areas. The
number necessary and the uses of the data are few. Usually these areas
are fairly homogeneous within a particular community with relatively
few species. Therefore, only a very small number of plots are neces-
sary and the only use is strictly as an inventory. For subsere areas,
succession is much more rapid and some stages may either be skipped or
present simultaneously. This means the number of different species is
extremely large at any given time and the composition changes tremen-
dously with respect to time. Therefore, a greater number of plots are
needed than for a prisere.

Pick a series of random samples for each stratum, the plot size
and the data collected to be as previously described. Use a reference
point for each stratum (post, tree, etc.) so that stratum boundaries
and sample plots can be determined by compass and pacing.

Three uses for these data besides inventory come to mind, and all
point towards obtaining a measurement of usefulness for two purposes--
for management to balance against cost and for research to compare with
other subseres.

First, it might be possible to form a ratio of the primary succes-
sion plants to the secondary ones and to project this over time until
the ratio is zero.

The second suggestion is a variation of the first. Instead of us-
ing succession stages as criteria, use a ratio of useful to unuseful

plants over years where usefulness of a species is gauged by its value

as a duck food.
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The third suggestion is to use these data for comparisons between
subseres or yearly changes in single areas. Hence, some method for
comparing totally different species and communities must be devised.
| think the following method has some merit:

Each duck food producing species found within a sample plot is to
be rated on average seed production as to excellent, good, fair, poor,
or none. These indices then get an arbitrary scaling from 5 to | re-
spectively. A plant may produce seed in, say, "excellent" quantities
for its species, but it is not directly comparable in seed production
with another species of "excellent" rating. This can be corrected by

choosing as a base a plant such as Polygonum lapathifolium. Now each

species can be compared to the chosen base, f.e., the "excellent" for
species A may be equal in total seed production to a "fair" P. lapathif-
olium. Thereby the ultimate rating for species A is 3 and not 5.
Summation of the products of this ultimate rating times plot density

for all duck food producing species within the plot, then extending

this procedure over all plots, yields comparable seed production figures
for all plots within and between strata.

The plot index figures have ordinal scaling which will allow test-
ing within stratum segments, between strata, or conceivably between
marshes with the Mann-Whitney "U" test (Siegel, 1956). To test adja-
cent experimental plots, the Friedman 2-way analysis of variance
(Stegel, 1956), also a non-parametric test, could be used but requires

related samples. |t also needs at least ordinal scaling.
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| have neglected to put any calendar dates or time limits on the
vegetation inventories. These have been conscious omissions. Survey
dates are dependent upon geographical location of the marsh, climate,
inundation period, length of growing season, and most important--what
the investigator wishes to learn from the inventory. For some studies,

several inventories in one year would be desirable or even necessary.

DISCUSSION

The primary purpose of the method outlined is to save field time
without sacrificing accuracy. A negative correlation undoubtedly
exists between the amount of time spent outlining the data collection
procedure and the resulting field time required, whereas a positive
correlation exists between the amount of planning time and the degree
of precision that will be gained. The situation can be likened to the
overworked but often unheeded proverb about an ounce of prevention be-
ing worth a pound of cure. A copy of the instructions | composed for
inventorying a section (see Appendix, Figure 2, for picture of area)
of the Maple River State Game Area Is appended (Vegetation sampling
Instructions for Maple River West). The high and low vegetation strata
were purely for inventory while the rest of the outlined procedures
had at least a dual purpose.

The establishment of ecotone transects takes time and personnel,
but once established they can be traversed and samples taken in a rela-
tively short period. The measurements and quadrat data (Appendix,
Tables 8 and 9) in addition to applications discussed under "Theory,"

can be used to delineate sample spaces for the stratified random
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sampling and, supplemented with air photos and personal observations,
to make detailed cover maps (Appendix, Figure 3) of the areas (Bennett,
et al., 1961).

In a good day, | figure on locating and sampling 40 to 50 1/4
milacre quadrats in rank growth. From data collected at the Maple
River State Game Area two inexperienced aldes working as a team (one
of the aides had not studied aquatic plants prior to this assignment)
located and censused 98 plots in four days in rank growth (high and
low vegetation strata, Table |), and collected other information. Uti-
lizing information from the first table (Table 1), the second table
(Table 2) presents the inventory results and calculated confidence
limits (according to Cochran, 1953) for the plant groupings in which
| was interested.

The estimates derived from the high and low vegetation strata
(Table 3) show a remarkable stratification done entirely from air
photos using a stereoscope to separate the strata. There was abso-
lutely no ground reconnaissance beforehand in relation to vegetation
distribution. The point | wish to stress is that 98 1/4 milacre
plots more than adequately censused 83.5 acres of heterogeneous marsh

vegetation!
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DUCK NESTING INVENTORY

SUMMARY OF EXISTING TECHNIQUES

Most techniques for estimating duck or goose nest abundance (Geis,
1956) follow the pattern used by L. J. Bennett (1938). He attempted
in several ways to find all nests (complete census) in an area. Even
with a pointing dog, only 75 percent of the nests were found. He con-
cluded that probably the best way was for two individuals to drag a
rope across sample strips if trained dogs were not available. But
dragging a rope, with or without tin cans or chains attached to flush
hens, Is restricted to open grassy areas of fairly level terrain.

Other investigators (Glover, 1956; Burgess et al., 1965, for ex-
ample) restricted the size of the search area, making no attempt at a
complete census and used located nests as indexes (with palr and brood
counts) to calculate total production and mortality of young.

Steel et al. (1956), along with a systematic search of dry areas,
also attempted a sampling technique using boat and motor for estimating
marsh nest production. 1t seemed to work best for divers and Is an
intriguing technique that should be explored further.

Most duck nests have been located close to the water's edge
(Burgess, 1956; Bennett, 1938; Steel et al., 1956; Rogers, 1964) but
some nests have been found two miles from water and others two miles
from land (Wright, 1948).

Because of species differences in nest site preference, general
adaptability, and willingness to travel long distances over land from

nest to water, any possible duck nesting Inventory technique will be

22
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taxed to furnish useful and reliable quantitative data. Hammond and
Forward (1956) present data illustrating the fact that nesting studies
usually provide unreliable information on production because of dif-
ferential predation on located nests. They feel the greatest value of
a nesting study is to learn details of nest density, distribution,

and cover.

THEORY
| still think a nest inventory can be useful but with emphasis
placed on the lack of nests as a measure of habitat rather than on nest

density as a factor in calculating total production. The brood census
will give an estimate of total broods in the marsh; what is needed Is
an evaluation to determine whether more broods could be produced in

the marsh area through improved nesting sites. Hence, my proposed
method Is pointed towards the present day outlook which dictates we
must strive for maximum utilization of nesting grounds (Griffith, 1948).
When attempts are made to improve an area for nesting, a species re-
striction on the potential brood increase will undoubtedly be imposed.

For example, specles like the Ring-necked Duck (Aythya collaris) and

the Blue-winged Teal (Anas discors) would probably benefit most if the

altered area is next to water though other species also might nest in

the Improved area (| have found several Mallard (Anas platyrhynchos)

and Black Duck (Anas rubripes) nests on small man-made islands).

A basic assumption for this method when used for estimating total
nests Is that all hens will be on the nest at the time of the inventory.

This assumption probably is not true, but | think (given a fairly large
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sample) it is safe to assume that a fairly constant proportion will be
on nests, therefore, yearly differences of fair magnitude with no over-
lapping confidence limits will demonstrate real differences at the
chosen risk level.

My proposed method does not utilize a dog, but a strip census tech-
nique similar to that used for grouse (King, 1937) could be adopted if

dogs are available.

FIELD USE

Two factors should be considered before starting a nest survey.
My proposed method, though more versatile than the rope-dragging tech-
nique, is restricted as to where It can be applied. Also, since nest-
ing is strung out over a long period because of late-nesting species
and because of renesting attempts, more than one survey may be needed

in an area, with times picked accordingly.

Suggested outline for nest inventory

Stratify the entire area subjectively into general categories of
expected nests; "none," "few," "several," and "many," for example.
"None" would be totally open water areas, "few" would be areas of dense
cattail or open mud flats, etc. Then divide each stratum into longitu-
dinal strips of predetermined width. Choose strips to be inventoried
at random according to laws of optimum allocation, i.e., based on area
and variability (which reflect estimated nest density).

Several of the ways of nest censusing In strips probably are sat-

isfactory but | will cover only the one | used while at the Erie Club.
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This method called for three men to walk abreast at |0-foot intervals,
each man carrying a staff and swinging it through the vegetation at a
height of approximately |3 feet above the ground. |In this manner each
man surveyed a 10-foot strip (five feet either side of the line of
travel) giving a total strip width of 30 feet. More people can be used
if available, thereby increasing the strip width and decreasing the
number of samples needed.

Data collected from such a sampling method can then be used to
obtain an estimate of the total nests within the sampled area and to
compute confidence |limits on the estimates.

If small nesting islands occur in the marsh being studied, strat-
ify them using the same criterion, choose a random sample of islands,
and Inventory the picked islands completely. Then the total nests,

with confidence limits, can be computed for all islands.

DISCUSSION

A desirable side-effect of randomly choosing strips to census and
running a strip only once is the possibility of reducing the chance of
predators learning to locate nests more easily by following the human
spoor.

The results of the survey | conducted on the Erie Club marsh
(Table 4) demonstrated that there was no dearth of nesting sites, just
that sites on dikes were too accessible to predators. The desertion
of nests on Islands probably resulted from harassment by muskrats which
clipped all grass nesting cover to within about two inches of ground

level. Probably the best way to raise brood production on that marsh
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would be to increase the number of nesting islands and provide better
muskrat control. Since trapping of muskrats probably will not suffice,
control can be aided by planting unpalatable woody species such as

bitter nightshade (Solanum Dulcamara) on the islands along with grass

(nests in the shade of woody shrubs were neither exposed by the musk-
rats nor subsequently abandoned).

This method should yield useful information with much less time
and effort than any attempt at a total nest census. Data from a nest-
ing study need not be complete for determining production, since the
brood inventory method described in the next section, | hope, estimates

the total number of broods on the area at the time of survey.
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Table 4. Duck nesting
No. of
Species Eggs Area Date
Mallard 10% Island No. |, nest abandoned 6/16/61
Mal lard 7 Island No. 10, starting incubation. 6/16/61
Hatched 7/12/61
? Bl./Ma. I * Island No. 10, nest abandoned 6/16/61
Black 7 Island No. 10, starting incubation. 7/12/61
Abandoned
B.W. Teal 12 30 yds. east of wier on so. side 6/16/61
of dike, 10 yds. so. of road.
Later broken up
Mallard | Island 12 6/17/61
Mallard 2 Island 14 6/17/61
Mallard 9 Island 15 6/17/61
Mallard 5 Island 17 6/17/61
Mal lard 3% Blind on Island 19, abandoned 6/17/61
B.W. Teal | So. side of Sulfur Springs, on
dike. Increased to two eggs
and both broken by 7/4/61
B.W. Teal 8 So. main dike, directly so. of 6/24/61
Is. 17, 5' from road. June 30,
only 4 eggs left, no sign of break-
age. July 2, four previously re-
maining eggs gone, no sign of
breakage.
Mallard 8 15" SE of last stake on first 7/5/61
transect N of Sand Island.
Later broken up
¥Rotten

(From Bennett et al., 1961)






DUCK BROOD INVENTORY

SUMMARY OF EXISTING TECHNIQUES

Present brood inventory techniques are basically of two types;
large-scale surveys used to form yearly indexes of total waterfowl
production and intensive studies on single marshes or small areas to
determine actual production or use. Data from duck brood inventories
on small areas have often been used as an adjustment factor to correct
results of other studies.

L. J. Bennett (1938) outlines an extremely time-consuming tech-
nique for estimating duck production that entails determining total
nests in the area, percent of nests successful, and number of young
(reaching flying age) per female. Hammond and Forward (1956) present
data to il lustrate that duck nesting studies usually provide unreli-
able production information. Many other investigators, for example,
Glover (1956), Steel et al. (1956), and Burgess et al. (1965), used
estimated breeding pairs as being equal to the total number of nests
started, thereby eliminating an intensive nest survey by adding a
breeding pair survey.

Still other observers (Berg, 1956; Geis, 1956; Wright, 1948;
Rogers, 1964) felt that through intensive field work they were able to
locate all broods in their study areas. Hence, their production esti-
mates were absolute counts. Stewart (1958) attempted in several dif-
ferent ways to get actual counts of wood duck production through obser-
vations. Me concluded "that brood surveys are not sufficiently sensi-

tive to indicate true trends in wood duck populations." The technique

28
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outlined by Blankenship et al. (1953) for locating broods by flushing
can be extremely accurate depending on effort but puts such a tremen-
dous demand on time and personnel that it is usually not feasible for
areas other than of small pothole size.

Hochbaum (1948) stated that "There are conflicting reports of the
numerical total for the waterfowl population. Different groups give
out different figures obtained by different methods in different ranges
at different times of the year." |If a large-scale brood survey de-
signed to estimate total production was attempted using the previously
described techniques, these shaky population estimates would probably
have to serve as a base.

In 1935 the More Game Birds in America Foundation conducted the
first wide-scale ground and aerial survey of the Canadian wetlands
(Cartwright, 1944). They believed the results of this survey estimated
total production. The same survey (Cartwright, 1948) was later con-
ducted by Ducks Unlimited. Quite often, in the first attempts at a
complex survey by a sportsman-oriented group, the zeal with which the
work is conducted is greater than the accuracy of the estimate; this
survey was no exception.

Because of the apparent difficulties in estimating total produc-
tion with present techniques, a system based on transects has been de-
vised for determining yearly indexes of production (Smith and Hawkins,
1948; Day, 1949; Miller, 1949). It is still in use (Crissey, 1960) as
the only large-scale survey. This technique has several difficulties

(Smith and Hawkins, 1948) that need eliminating, and undoubtedly it
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will never be the panacea which all waterfowlers are striving for.

| feel there is a definite need for a method of estimating actual
production that is not so time-consuming as to be impractical (Pirnie,
1935). In the hope of stimulating a different mode of brood-estimat-
ing procedure, | submit a method based on sampling which has been tested
with some success at an Impoundment of approximately 70 acres of re-
cently flooded timber and brushy lowlands on the area of the Rose Lake
Wildlife Research Center (Kadlec, 1964).

As implied by the title of this section, my proposed method is
devised to obtain a quantitative measurement and will not furnish a
qualitative measure for particular habitat types except Indirectly
through preponderances of sight records from proximal observation
points. Established techniques of beating out a section (Blankenship
et al., 1953) and of using dogs (Pirnie, personal communication) for
locating broods for observation still seems the best for measuring the
quality of a particular marsh section at a given time of day. For ex-
ample, from my observations used for broods estimates, no real evalu-
ation of escape cover is possible. Because counts were made only when
broods exhibit the greatest movement with the observer concealed and
motionless, broods were not stimulated to seek or use escape cover.

As with any method, both advantages and disadvantages are Inherent.
The field time involved can be minimal but precise brood identification

and accurate aging of young (Gallop et al., 1954) are "musts."
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THEORY

The theory behind the experimental model is that as the number of
different broods seen increases, it becomes progressively more diffi-
cult to see a "new" brood. The rate of this decline when compared to
the ratio of different broods seen to total brood sightings (including
repeats) follows a logarithmic series curve. The formula which | pro-
pose for estimating total broods was originally designed to estimate
the number of plant species in an area of known size (Evans et al.,
1955).

The method, when used in impoundment evaluation to compare with
another impoundment or with itself, estimates the total brood use.
The existence of brood movement in or out is immaterial (and apparently
sel f-compensating) except for its impact on the method itself when the
survey period is too long.

The basic formula, with the symbol identification | used, is as

follows:
logIO (n+ 1)
where B = estimated total broods

b = number of different broods seen
n = total brood sightings
N = theoretical estimated total brood sightings
necessary to see all the broods
N is an unrealistic value but logical appearances of the number
‘s immaterial. That it is equal to the theoretical number of total

~od sightings necessary to see all broods can be easily demonstrated:
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B = b logjg (N + 1)
logjg (n + 1)

when all broods have been seen, B = b
therefore: N =n
The formula contains two unknowns, B and N. The N values must be
assumed; | submit they fall around the point on the logarithmic curve
where the tangent slope is .008. So to calculate N determine its value
at the point where the tangent to the curve is .008.

Following is the derivation of the slope formula:

B = b logjg (N + 1)
IogIO (n+ 1)
for any particular problem b = a constant, X
log|o (n + 1)

N+ | N when N is large

B = X logoN
dB/dN = X log, e

N
dB/dN = b/log|g(n + 1) log| e

N
Then by transposing the equation into the following form it can

be used to calculate N.
b
N = Togoln + T) log)ge

dB/dN

The slope value of .008 was empirically derived and subsequently
judged to be reliable. This is not the procedure for calculating N
| first devised. The original scheme called for arbitrarily picking
different values for N and computing B values from the estimating

formula until B = B! where B! = N.
b
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Why the new N?

A table of comparisons between the tangent and the B = Bl proce-
dures of determining N is attached (Table 5); counts listed in Table 5
were made by personnel of the Michigan Department of Conservation as-
signed to the Rose Lake Wildlife Research Center and by myself. The
error values (differences between brood estimates computed from the
two procedures) form a straight line, and have an Iinverse relation with
estimated broods. |t is readily apparent that this must arise purely
from the differences in N values since the brood estimation formula
remains unchanged. | believe the better of the two N estimating pro-
cedures can be determined by looking at the table showing the results
of the time study (Table 6). The greatest difference in B between the
two procedures is in the I5-minute period which is also the time of
fewest observations. The final N value is fairly large and comparable
in all cases. When the probabilities (see probabilities section) of
the next brood seen being a "new" brood are calculated for all time
categories, little change is observed for the slope procedure while a
larger change appears in the B = B! scheme.

With N being large and the probability being extremely small for
final values, then the smaller changes should be from better approxi-
mations of N. Therefore, | contend the slope procedure for determin-

ing N values is more universally applicable.

Probabilities

Calculations of the probabilities under each time category for

both estimating procedures over all years were made for two reasons:
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to observe the continuity over time periods for each scheme, and to
shed light on which is the better of the two estimating procedures.

Probabilities were calculated from the formula (Feller, 1950):

q = \k r-k let r =k =1

for the next event using my estimating formula symbols. Since the
formula uses the unrealistic value N, the resultant probability is also
unrealistic and is only to be considered as a pure number contrastable

in magnitude alone.

FIELD USE

The method calls for making observations from predetermined points
and tabulating all observed broods (not flying) seen according to spe-
cies, age, and number. Observation periods are the first 2 hours of
daylight (starting approximately % hour before sunrise) and the | hour
before dark (starting approximately |5 minutes before sunset).

I f the observer keeps still, broods will move about freely, and
the differences in wariness between species should thereby be minimized,
albeit some broods are more readily seen than others and are more likely
to repeat. A random sample of broods and of species is theoretically
possible as long as the observer is trained to look both in edges of
vegetation and in open areas. Kadlec (1964) presents data supporting

this assumption.
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Established observation points, preferably lookouts hidden in
trees to reduce disturbance (Beard, 1964), should be used. These are
to be situated so that a fairly large area of the marsh is under sur-
velliance from each point, but when the area seen from all points is
compared to the total area, it can be extremely minimal. The only
criterion possible to use for placement and number of observation
points is the number of broods and the estimated degree of brood mo-
bility for the individual area where the method is to be employed.
Every brood should have the chance of being seen, [.e., each brood
should pass within sight of an observation point sometime between
hatching and the flying age.

An extremely large sample area can be further stratified or sub-
divided to reduce counts necessary for sample estimates based on brood
mobi lity.

Approximately 3 counts per station are necessary, but total obser-
vations can conceivably run from 2 to 6. The adding of more counting
stations on a sample plot reduces the number of observation times needed

per station.

Suggested outline for conducting brood inventory

Randomize the stations and the observation periods per station by
using a Latin square: |t may become necessary to throw out cells from
the square when the number of counts and the number of stations are
not equal.

The counting time per observation period was originally set at 45

minutes. This meant only 3 counts per day were possible if the counting
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period limits are observed. By recording the time of each brood obser-
vation, several time categories can be devised and the estimated number
of broods calculated. Table 6 has the results of the categories |
felt worthy of testing. Thirty minutes, it appears, Is ample counting
time.

ldeally counts should be made after all renesting attempts have
hatched and before any early hatched broods have started flying. For
southern Michigan late June and early July seem nearly optimum. The
formula Is designed to give an instantaneous estimate of broods present
at time of count. This means that the necessary counts for a reliable
estimate have to be conducted in a fairly short period of time. I|f the
area to be inventoried is large, it can be broken into blocks and each
block treated as a separate impoundment. | think all counts for a
single Impoundment of relatively small size should be completed in the
space of one week. Counts should be made only on days having no rain

and little or no fog during counting periods.

Suggested method for calculating estimates

For calculating brood estimates the algebraic manipulations can
be lessened by first calculating the b/logjg (n + |) value. Then N
can be calculated by multiplying the value by .43429/.008. The loga-
rithm of N is then multiplied by the first division and calculates the
total number of broods.

In mathematical terms:

let X = b
logl0 (n+ 1)
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=
n

Xloglge
dB/dN

=z
n

.43429X
.008

and then:

Total Broods (B) = Xlog)oN

DISCUSSION

Table I3 from Kadlec (1964) is appended (Table 10). |t contains
the results of the brood inventory and a comparison of the known broods
present (a minimum figure) by species for 2 years. The "shore circuit"
counts, or "circuit" counts as | chose to call them, were also tried
as a possible future technique.

Kadlec was able to spend considerable time trying to determine the
actual number of broods using the area, but he left prior to the 1963
inventory. Since then nobody has been able to devote the necessary
time to obtain the known broods present figure with which to compare
the estimate from the proposed method.

As a result, | have recommended continuation of the circuit counts
as a partial check on the observation point counts (Table 5). | fully
realize that the circuit counts are subject to personal bias (which
can be easily demonstrated), but this bias is somewhat predictable from
knowing the personnel. The more familiar they are with brood behavior
and the survey area, the greater the inflation due to personal bias.

| am fairly satisfied that the inventory method | have proposed
gives better estimates of total brood use on a single impoundment for

the time expended than any others with which | am familiar. In areas
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having both early and late nesting species it will probably be neces-
sary to run the survey twice and have it species-oriented.

In 1964 the opportunity arose to attempt using the method on a
series of small impoundments in close proximity to each other and some-
what similar to the Rose Lake impoundment in habitat and expected water-
fowl species. | divided the area into three separate sections and
assumed no brood interchanges between sections (not an altogether valid
assumption but of little consequence when movement is slight). Within
each section | assumed there would be free interchange between the im-
poundments, so | treated each section as a large single impoundment with
one observation point per small impoundment (two had two points because
of large size) within it, i.e., seven small impoundments in a section
would have seven observation points.

The counting times were again randomized with a Latin square de-
sign by section. Final estimates were to be calculated also by section.
To speculate a bit further, | believe the method can be adapted

to inventorying waterfowl production at least on the small interior
marshes of a state. To accomplish such a survey would entail stratify-
ing all areas into expected number of broods categories, picking a
random sample, making counts and estimating totals on those picked,

and applying those results to the appropriate stratum. Eberhardt (1963)
explains better than | the reasoning for this method.

"When mobile populations are involved, any probabillty sampling

scheme is likely to be essentially 'two-stage' or 'cluster'

sampling. That is, stratification by areas may be quite
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feasible, and random samples of areas within strata can be
drawn, but rarely will it be possible to enumerate actually
all individuals on the selected sample areas. Some kind

of subsampling thus becomes involved, often with selection
probabilities quite thoroughly unknown. White the question
of central importance concerns the blas of these subsam-
pling estimates, a mildly comforting general principle is
that estimates of over-all variability may be based on the
totals or means for the subareas, without dealing directly
with the variability of subsampling (although such vari-

ability is, of course, an integral part of the whole)."

The biggest drawback, | believe, for setting up such a large-scale
survey is neither the mathematics nor statistics that would be neces-
sary, but the inability of observers without prior training and experi-

ence to be able to identify and age broods accurately.
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Table 5. Brood estimates

The error column shows the difference between B values deter-
mined from using N values computed from the tangent of .008 and from
the formula B = B! where B! = N.

b
.008 tangent slope
"B" estimate Error
1961
Circuit count* 21 +3
Observation count¥* 21 +2
Kadlec and student aide*¥*
1962
Circuit count 40 -2
Observation count 30 +1
Kadlec¥*¥*
1963
Circuit count 36 0
Observation count 40 -1
Bennett and student aide**
1964
Circuit count 34 0
Observation count 30 +1

Bennett and Duvendeck*#*

¥These data are from two different types of counts made on the im-
poundment of the Rose Lake Wildlife Research Center.

¥*Observations made by:

Data collected late June and early July each year.
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Table 6. Observation time study, using data from observation point
counts on the impoundment of the Rose Lake Wildlife Research Center.

15 30 35 40 45
minutes minutes minutes minutes minutes
1961
Different broods 6 9 9 10 ]
Total sightings 9 16 18 20 22
B from slope form. 15 19 18 20 21
Probabi | ity** .0284 .0262 .0247 .0256 .0240
B from B = B! form. 1 16 15 17 19
Probabi l ity .0893 .0556 .0513 .0473 .0435
1962
Different broods N 15 17 17 17
Total sightings 16 25 3| 32 35
B from slope form. 24 29 31 31 30
Probabi lity .0277 .0255 .0241 .0243 .0233
B from B = B! form. 21 28 3 30 29
Probability .0461 .0332 .0285 .0269 .0268
1963
Different broods 13 20 20 20 22
Total sightings 15 33 36 39 42
B from slope form. 30 37 38 37 4%
Probability .0298 .0251 0217 .0208 .0222
B from B = BI form. 28 38 39 38 42%
Probability .0436 .0566 .0230 .0224 .0205
1964
Different broods 12 16 16 17 17
Total sightings 20 30 32 37 37
B from slope form. 24 30 29 30 30
Probability .0254 .0254 .0241 .0238 .0238
B from B = B! form. 22 29 28 29 29
Probability .0370 .0304 .0289 .0263 .0263

*¥Brood observation times were missing for 2 counts so four
brood sightings are not included but immaterial to this
observation.

*%*Seg text explaining value's magnitude.



DUCK KILL INVENTORY

SUMMARY OF EXISTING TECHNIQUES

Probably the first survey of a systematic nature for determining
total kill over a large area utilized basically a technique | choose
to call "The hunter report card system" (Lee, 1964; Sondrini, 1950;
Hayne and Eberhardt, 1954). Such a technique has since been scruti-
nized and deemed unsuitable for acquiring useful data (Sondrini, 1950;
Hayne and Eberhardt, 1954; Eberhardt, |955)..

Elder (1950) proposed the idea of using an x-ray to determine
the proportion of the duck population by species carrying lead shot
(other than ingested). He hypothesized that,

"The amount of lead shot fired at waterfowl in any particular

year, or at any one species in that year, should be propor-

tionate to the number of ducks killed or the number killed

of that species; and also it should be proportionate to the

number of ducks that are crippled and die, and the number

that survive their wounds and carry lead shot in their flesh

«+e.s An accurate measure of any one of these four factors

should give us an Index to all others."

If the amount of lead shot fired Is constantly proportionate to the
total population, then the four factors are also population dependent
and probably fairly constant in their relationship to both the total
population and each other. Therefore, without a reliable estimated
total of at least one of the defined populations, no estimate of total

kill is possible. Also, since these factors would differ between
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regions, considerable effort would necessarily be expended gathering
data during a busy time of the year for biologists (spring) besides
being a difficult time to get around and a difficult time to trap birds.

The U. S. Fish and Wildlife Service attempted a telephone survey
one year to determine total kill (Day, 1949) but seemingly failed to
secure adequate data. Recently they have used a wide-scale mail sur-
vey system (Heath and Rosasco, 1963) to estimate total kill, and also
a wing collection survey (Carney and Godin, 1963) to obtain species
composition of the kill. Many states, including Michigan (Hawn, 1964),
now use mall surveys to estimate kill of several game species.

Even though mail surveys are widely employed, the data should not
be used in blind faith; checks need to be periodically employed.

Atwood (1956) illustrates types and magnitudes of biases he found in
a survey of waterfowl hunters. Indeed, it appears that any form of
interview, direct or indirect, is vulnerable to bias (response errors)
regardless of the subject when answers must be based on memory--es-
pecially if some measure of competence is involved (Stoke and Lehman,
1930; Proctor, 1964).

For large-scale mail surveys, the population being sampled is all
those who bought duck stamps. When a smaller population is to be sam-
pled, e.g., that using a special area, it must be defined. Two tech-
niques of estimating kill are designed to define the population and,
in essence, gather kill and effort data simultaneously. Wandell (1946)
and Palmer (1963) both used a system of placing cards on cars asking

the drivers to fill in the deslired data. Cards were then collected by

technicians (Wandell, 1946) or mailed to the investigator (Palmer, 1963).
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The second technique uses personal interviews to gather the data
with an actual check of each individual's take. An early season index
of the waterfowl kill in Michigan is determined through car counts and
bag checks on selected areas (Mikula, 1965). Also, an estimate of
total fish taken from certain selected lakes in Michigan is obtained
with interviews and boat counts (Taube, 1965). This technique requires
considerable man-days to perform.

Since adequate methods of inventorying total kill are already in
use, | propose none of my own, but describe two of the better estimat-
ing methods adaptable for single marsh use. The best estimate would
of course, arise from a check-in, check-out system where an absolute
count is obtained, but because of the uncomplicated nature of the esti-
mate and the infrequency of such a situation, | will not consider this

system further.

THEORY

Both methods | am presenting are based on stratified random sam-
pling and have computable confidence limits. The first is a mail sur-
vey as used by Palmer (1963) and the second a combination of the two
personal interview techniques (Taube, 1965; Mikula, 1965). The one to
be used in a particular situation must be chosen according to what in-
formation is desired, how much manpower is available, and how much
money can be spent on it.

For the mail survey method, listings of hunters by name and ad-
dress are necessary. Several ways are possible but the easiest prob-

ably is to sample cars, record license plate numbers, and place a
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questionnaire postcard in a conspicuous place on the auto. The name
and address of all the car owners can then be obtained from the car
license files. This allows both a check of the responses on passed-
out cards and follow-up mailings to each non-respondent. The ques-
tionnaire design can eliminate much of the bias resulting from sam-
pling just car owners. The drawback of this method is the hunter:
you have to assume that he is honest and can identify waterfowl, and
that in reporting kill he uses accepted and distinguishable names.
The bias due to faulty memory is reduced by asking only about that
day. |f species kill estimates are not necessary, the hunter bias is
further reduced. This method does not have the demanding manpower
requirement of the other and is cheaper to operate.

The hunter interview method calls for having trained personnel
record the hunting time and actually check all ducks bagged by inter-
viewees. Estimates from interviews of both completed and incompleted
hunts are possible as described by Taube (1965) for the intensive creel
census. The data have to be handled differently.

For completed hunts:

Total bag 2Y = bag per hour
Total hours ZX

then total hours hunted times ducks bagged per hour estimates the total
duck kill.

For Incompleted hunts:

IYi = bag per hour
b&r

number of people contacted

catch
hours

ith individual

- % < 3
n
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This formula correlates the time hunted with the probability that the
particular hunter is in the sample. Variances for either estimating
technique can be calculated from:

Var. ES = EZ var. S + S2 var. E

E = total hours
S = bag per hour
ES = total bag

This method requires considerable manpower but assumptions as to the

hunter are nonexistent.

FIELD USE

Both methods are based on a stratification of expected use by time
unit by day with the sum of the time units within a day totaling the

hours from opening till closing of shooting.

Suggested outline for conducting kill inventory

Instantaneous car counts are to be made at times selected by sam-
pling with unequal probabilities. The sample space in reality then
becomes the total number of car hours. Figures can be calculated
either on the kill per carload of hunters or per hunter through a de-
termination of the number of hunters per car.

Interview as many hunters as possible. |f only completed hunts
are sampled, the possible bias resulting from non-uniform kill of ducks
over time is removed. This requires several trained people simultane-
ously for short periods of time throughout the season in order to

obtain a sufficiently large sample.
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Questionnaires for the mail survey method need to be placed on
cars periodically throughout the season and can logically be distri-
buted during the instantaneous car counts, thereby reducing the neces-
sary field time. Several follow-up mailings will undoubtedly be
necessary for obtaining a sufficient response to eliminate any non-
response bias (unsuccessful hunters appear less likely to return ques-
tionnaires; Eberhardt and Murray, 1960) and to assure a sufficiently

large sample to give meaningful estimates.

DISCUSSION

Since the above suggested methods are neither mine nor previously
used by me, | have no data showing the ability of the methods to esti-
mate total waterfowl kill on a single area. Data from Taube (1965)
illustrating personal interviews and from Palmer (1963) illustrating
the postcard mail survey results are appended (Table Il and Table 12).

Variations of the proposed methods deal primarily with other ways
of determining the population. For example, If the area were an
island, instantaneous boat counts, either total or samples, could be

used In lieu of car counts.



CONCLUSION AND SUMMARY

Previous techniques of vegetation-and brood production-inventory-
ing neither provided reliable quantitative data nor gained the maximum
amount of information for the total time expended. When waterfowl pro-
duction is determined from breeding pair, nest density, and nesting
success inventories, which are biased and inaccurate for that purpose,
enough man-days to inventory production for most states are undoubtedly
consumed.

To employ techniques of vegetation-inventorying on groups of plants
taxonomically and morphologically different from those plants for which
the survey was originally designed introduces an unmeasurable error be-
fore field work is even begun. Here again the ratio of useful data
gained to total energy expended is too low.

The four inventory methods | have presented when used as directed
should yleld quantitative data of a useful nature with relatively
Iittle effort.

The accuracy of the brood estimating method (Appendix, Table 10)
for the years It was checked was phenomenal, albeit It Isn't that good
| since the method is subject to sampling error besides having an empir-
ically derived cutoff point. But | am willing to accept slight errors
in estimated total brood use tfo save time. Only nine man-hours were
needed to inventory waterfowl use on the impoundment of the Rose Lake
area and even this can probably be reduced by more than half.

When data from field surveys used for inventorying have confidence

limits In the neighborhood of 25 percent, | am quite satisfied with the
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sampling procedure and sampling intensity. Especially when, as in the
case of the vegetation survey on the Maple River State Game Area, little
field time was needed to gain results for a large area. |f for some
specific purpose | wish to conduct another plant inventory on that area
(even for a particular species) with, say, 10 percent confidence limits,
| can determine the number of plots needed and how much field time
would have to be expended, or if available field time is set | can de-
termine what limits will result even before | set foot into the area.

| am not attempting to present these suggested methods as the
ultimate. |f | have seemed dogmatic it is because of my strong desire
to stimulate waterfowl biologists and wetlands ecologists to search
for better methods of Inventorying based on their knowledge and on the

work of those of similar interests who preceded.
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NECESSARY BACKGROUND INFORMATION

I Alr Photos

The first step is to obtain scaled, vertical air photos for base
mapping and for stratifying vegetation (Gevorkiantz, 1954; Leedy, 1948).
They are cheaper, more accurate, and far easier to make and use than
are ground surveys (Dobie and Johnson, 1951).

A map accurate as to ground scale is a necessity since the total
number of plots per vegetative community must be determined. Both
Leedy (1948) and Dobie and Johnson (1951) give methods to determine map
scale which allows results from a random sample to be applied to the
entire stratum. Aerial obliques (Leedy, 1948) taken in color and at
lower levels also help in making accurate stratifications. The better
the original stratification, the easier and quicker is the sampling

procedure for any accuracy selected (Cochran, 1953).

Il. Soils

A soil map showing the general series is usually sufficient. The
purpose of the map is fourfold: (1) when compared to the air photo,
areas of homogeneous vegetative types are often found to conform to a
soll series (Billings, 1951) so such a map will help the investigator
to stratify the vegetation; (2) knowledge of the series can dictate
what plant communities are possible (Gates et al., 1956) after some
form of habitat manipulation; (3) rankness of aquatic plant growth is
dependent on the firmness of the bottom (Pirnie, 1935; Martin and Uhler,

1939); and (4) a knowledge of the distribution of good diking soils
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such as clay is a necessary requirement before creating controlled

floodings.
111, Limnology

A cursory limnological study is extremely desirable. Knowledge
of turbidity, pH, ftemperatures, bottom contours, and availability of
critical nutrients again will limit the kind, number, and distribution
of vegetative communities (Moyle, 1945).

The greatest effort should be expended collecting data in the
shallows. | have never observed dabblers utilizing bottom feeds in
more than six feet of water except indirectly (e.g., baldpates steal-
ing food from redheads).

Duck food availability studies should also be included. This
entails making rough estimates of the abundance of suitable aquatic
organisms and of the waterfowl food portions of purely aquatic vegeta-
tion. | have no technique to offer for sampling the vegetation other
than raking up quadrats which are chosen randomly if possible and then
rating the total edible amount on a selected scale devised by the
investigator.

Duck food-producing vegetation both submerged and floating should
undoubtedly be sampled twice during the growing period. At the Erie
marsh my first inventory showed about 95 percent coverage of sago pond-

weed (Potamogeton pectinatus) in much of the open water area; by mid-

July (second inventory) wild celery (Vallisneria americana) had replaced

the sago and had as great a percentage of coverage as its predecessor.

The sago had borne fruits which were also available for food along with
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the celery during the fall. In essence then, a double crop of water-
fowl foods had been produced in the shallow areas.

Since the correlation between soil and/or water chemistry and
aquatic plant communities and their distribution is poor, unrefined,
and general (Kadlec, 1960) at our present level of knowledge, a fairly
intensive limnological field study such as described by Dobie and Moyle

(1956) doesn't seem justifiable if the guides are saving time and money.
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Table 7. Transect locations

Transect: T-1

Unit: Potter's Cove
Total distance: 1,966 feet
Direction: N 83° 30' E

Starting point (T-l1A): On southwest corner of Potter's Cove dike
Ending point (T-IB): On northeast corner of Potter's Cove dike
Q-1 is 242' from T-1A in cattail

Q-2 is 178" from Q-1 in cattail

Q-3 is 276' from Q-2 on southside of sprayed strip

Q-4 is 455' from Q-3 on north side of sprayed strip

Q-5 is 517' from Q-4 ecotone of open water and cattail

Q-6 is 179' from Q-5 ecotone

Q-7 is 119' from Q-6 in meadow ecotone

T-1

Transect: T-2

Unit: Sulfur Springs
Total distance: 1,858.7 feet
Direction: N 40° 30' E

Starting point (T-2A): Beneath dock at Sulfur Spring roll over

Ending point (T-2B): On Sulfur Spring dike west of channel to number
10 pond and just east of sharp bend in dike

Q-8 is 419.7' from T-2A in bulrush on southwest side of Horse's head
10" in from edge of open water

Q-9 is 343' from Q-8 on ecotone of cattail and bulrush in Horse's head

Q-10 is 300' from Q-9 on north side of Horse's head 10' in from edge
of open water

Q-11 is 348' from Q-10 on north side of channel 10' In from edge of
open water

Q-2B is 448' from Q-1

Transect: T-3
Unit: Mink Creek and Cain Point

Total distance: 3,354.9 feet

Direction: S 50° 45' E
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Table 7 (continued) - Transect T-3 (continued)

Starting point (T-3A): On west Mink Creek dike approximately % the
distance from north end of dike to start of research
unit

Ending point (Q-21): On northwest end of largest island southeast of
Cain Point

Q-12 is 676.4' from T-3A on north edge of dump spray strip

Q=13 is 65.9' from Q-12 on south edge of dump spray strip

Q-14 is 106.7' from Q-13 on north side of buckwheat patch

Q-15 is 400' from Q-14 at southeast corner of buckwheat patch

Q-16 is 113.5' from Q-15 on southeast side of highbank

Q-17 is 224.8' from Q-16 ecotone of cattail and open water

Q-18 is 388' from Q-17 ecotone of meadow and cattail

Q-19 is 404.7' from Q-18 on small pond south of south dike

Q-20 is 552.4' from Q-19 tip of Cain Point

Q-21 is 422.5' from Q-20 northwest corner of large island southeast
of Cain Point

Transect: T-4

Unit: Secor and area to northwest
Total distance: 4,030 feet

Direction: s 53° 00' E

Starting point (T-4A): On west dike north of Secor unit just above
sharp bend in dike

Ending point (Q-32): On ecotone of cattail and open water southeast
of east Secor dike

Q-22 is 388' from T-4A on ecotone of meadow and cattail

Q-23 is 186' from Q-22 on ecotone of cattail and open water

Q-24 is 718.9' from Q-23 on ecotone of open water and cattail just
north of Secor north dike

T-4B is 220' from Q-24 on inside edge of barrow pit inside north end
of Secor unit

Q-25 is 321" from T-4B on north edge of sprayed strip

Q-26 is 304.2' from Q-25 on south side of sprayed strip

Q-27 is 83' from Q-26 on north side of millet patch

Q-28 is 300' from Q-27 on south side of millet patch

Q-29 is 638' from Q-28 in northwest corner of S-5

Q-30 is 100.6' from Q-29 on northern part of west side of S-5

T-4C is 317' from Q-30 on inside of barrow pit on inside of southern
portion of east dike

Q-31 is 170" from T-4C on ecotone of open water and cattail

Q-32 is 284' from Q-31 on ecotone of cattail and open water
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Table 7 (continued)

Transect: T-5
Unit: Research unit
Total distance: 1,022.2 feet

Direction: N 86° 30' E

Starting point (T-5A): On dike between research unit and pancake cut,
about midway of the width of the research unit proper

Ending point (T-5B): On dike between research unit and Mink Creek
south of T-3A (Mink Creek starting point)

Q-33 is 229.3' from T-5B whole unit is intermingled cattail and meadow
vegetation, stakes mark the sharper and clearer
ecotones

Q-34 is 95.7' from Q-33

Q-35 is 123.1' from Q-34

Q-36 is 184.4' from Q-35

Q-37 is 239.7' from Q-36

T-58 is 150' from Q-37

Transect: T-6

Unit: East Dike

Total distance: 330 feet

Direction: s 70° 00' W

Starting point (T-6A): 1Is just south of Sand lsland and 12' west (on
the line) of the center of the road

Ending point (Q-39) on outer edge of cattail

Q-38 is 152" from T-6A on ecotone of meadow and cattail
Q-39 is 178' from Q-38 on outer edge of cattail

Transect: T-7

Unit: East Dike

Total distance: 584.5 feet

Direction: S 70° 00' W

Starting point (T-7A): is just north of Sand Island and 19' west (on

the line) of the center of the road
Ending point (Q-43) is on the outer edge of cattail
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Table 7 (continued) - Transect T-7 (continued)

Q-40 is 162' from T-7A on the ecotone of meadow and cattail
Q-41 is 61' from Q-40 on the ecotone of cattail and open water
Q-42 is 174" from Q-41 on the ecotone of open water and cattall
Q-43 is 187.5' from Q-42 on the outer edge of cattail

Transect: | T-8

Unit: East Dike
Total distance: 575.2 feet
Direction: S 70° 00' W

Starting point (T-8A): 1is north along dike from T-7A and 26' west (on
the line) of the center of the road

Ending point (Q-47): 1Is on the outer edge of cattail (ecotone of cat-
tail and the open water of East Bay)

Q-44 is 88.2' from T-8A on ecotone of meadow and cattail

Q-45 is 102.5' from Q-44 on the ecotone of cattail and open water

Q-46 is 225.5' from Q-45 on the ecotone of open water and cattail

Q-47 is 159' from Q-46 on the outer edge of cattail

Transect: T-9
Unit: East Dike
Total distance: 414 feet

Direction: s 70° 00' W

Starting point (T-9A): 1is on dike north of T-8A and 44' west (on the
line) of the center of the road

Ending point (Q-51): 1is on the outer edge of cattalil

Q-48 is |117' from T-9A on ecotone of meadow and cattail

Q-49 is 32' from Q-48 on ecotone of cattail and open water

Q-50 is 153" from Q-49 on ecotone of open water and cattail

Q-51 is 112" from Q-50 on outer edge of cattail
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Table 7 (continued)

Transect: T-10

Unit: East Dike
Total distance: 276.5 feet
Direction: S 70° 00' W

Starting point (T-10A): 1is north of T-9A on dike and 26' west (on the
line) of the center of the road

Ending point (Q-54): 1is on the outer edge of a cattail

Q-52 is 46.5' from T-10A on ecotone of meadow and cattail

Q=53 is 137" from Q-52 on ecotone of cattail and open water

Q-54 is 93' from Q-53 on outer edge of cattail

(From Bennett et al., 1961)
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VEGETATION SAMPLING INSTRUCTIONS FOR MAPLE RIVER WEST

The sampling program is divided into five different inventories,
each having a unique set of instructions. | think the reason for this
breakdown will be made self-evident upon reading through each series
of instructions.

At every sample quadrat the data to be gathered are the same. Re-
cord the density, height, and seed production for each species, the per-
cent cover per layer, presence or absence of plants too far under water
to obtain above information, and depth of water. The seed production
is to be a subjective rating, pick the appropriate category from the
following choices: excellent, good, fair, poor, or none. Bear in mind

that these ratings apply only to the species in question.

Ditches:

Measure with a map measurer total ditch distances, also keep a
record of individual ditch distances. Divide the total and the indi-
vidual ditch distances by 6.6'. This gives the total linear square
mi lacre quadrats in the ditches (I choose to call these quadrat seg-
ments). Then pick quadrats at random. To locate these plots, count
up the segments on the individual ditches until the correct quadrat
segment is reached, then measure out on the map with map measurer and
mark the segment. Pick random numbers one digit longer than necessary,
then through an even-odd randomization choose which side of center the
quadrat lies. Since the ditches are 14' wide and 2 milacre quadrats

make only 13.2', .8' is left over. Therefore, every other plot should
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be shoved against the bank with those between on the center line. Pick
the start position at random. Take the average distance of the "stalks"
(distance from channel to pothole; the connection channel) and mark off
that distance on the map of those potholes having extra long channels.
Put all but the average stalk length into the ditch survey, place the
marked off stalk length with the pothole. When measuring ditches, save
all elongated stalks till last, then include in the ditch distances,
also treat as an extra long stalk, the ditch length of the oddity

cal led a donut.

Potholes:

Number all the potholes and then stratify them according to the

following scheme:

Stratum | - Half or more of the water area covered with emergent
vegetation.
Stratum Il - Less than half - but at least with edges covered with

emergent vegetation.

Stratum 11l - No vegetation visible from aerial photograph.

Potholes are to be picked at random for each stratum. The start-
ing position for sampling a picked pothole Is the corner that most
nearly fits the stipulation "Diagonally across from stalk." Randomly
pick a number between | and 6, multiply it by 6.6'. This distance is
then to be measured off along the short leg of the pothole. Pick an-
other number at random between 0 and 19. This distance is already in
feet and is to be measured off along the long leg of the pothole from

the start corner. At the intersection of the lines, perpendicular to
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the sides at the measured distances, is the first plot location. The
milacre sample is to be alined within the intersecting lines wholly
towards the ditch and away from the stalk corner. This means the first
plot lies in the second quadrat formed by the intersection of the per-
pendiculars. Separate each plot by 2 feet from its neighbors and keep
all plots along the line perpendicular to the short side. Run five
plots In this line. The pothole area includes the "stalk." When the
potholes are actually sampled, the length and width of pothole and
length and width of the stalk are to be measured. Also measure the

width of the stalk parallel with the ditch.

Bank Area:

A strip 16.5' wide and on each side of all ditches is to be treated
as a separate entity. To sample this area, divide the total ditch
length into 3.3' (treat the same as for ditches). When the |/4 milacre
quadrat segments have been determined by ditch over all ditches, ran-
domly pick sample segments. Adjacent to the ditch and on either side
there is a tier of 5 1/4 milacre squares. As each random number is
obtained, take the next row number to determine which 1/4 milacre will
be sampled. Also look at the next digit in the random number row to
determine which side of the channel to census. Plots are to be located
in the same manner as those in the diftches only measure back from the
bank to the appropriate tier. Do not include the linear ditch dist-

ance of the donut.
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Mound Area:

The mound area is the next 16.5' away from the ditch with the bank
area inbetween. This Is to be handled exactly the same as the bank
area. Draw new random numbers to determine sample areas. Also include

the donut in the mound stratum.

Qutside Area:

From the air photos separate the timber from the herbaceous areas
and stratify the herbaceous area into high and low vegetation. Use a
planimeter and determine the area within each portion of the marsh
(isolated by ditches, ditches and trees, etc.) as a separate entity us-
ing ditch borders as the outside limits where present. Then reproduce
each area onto a grid pattern as was outlined for the potholes. Ran-
domly pick milacre quadrats for all areas, treating them as a single
entity within each stratum (to be marked on the grid patterns also) and
throw out all plots that would fall within 40 feet of a ditch or in a
pothole. Randomly pick one /4 milacre quadrat and sample just that
one within each milacre. This plot will remain the same for all mil-
acres, e.g., the southwest 1/4. Determine the location of each plot
by counting down rows and across columns of square milacres until the
correct one is reached. These distances can then be used to compute
linear lengths in feet for pacing purposes. By computing the total
marsh area, subtracting the timber, ditch, pothole, bank, and mound
areas, you can determine the less important herbaceous plant area.

The stratum areas can then be determined by proportions.
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Table 9. A transition from cattail to meadow in Potter's Cove.*
Water Density per Present
depth Date Species 1/4 milacre cover Remarks
12" 8-1-61 Typha angustifolia Sample is at
dead stems | ecotone of cat-
live stems 8 tail & meadow.
Asclepias incarnate 3
High water has
Leersia oryzoides 35 killed most of
Eleocharis sp. 100+ The cattail.
o" 6-14-62
Typha angustifolia 4] Water lowered.
Polygonum lapathifolium 9 Cattaill re-
Hibiscus palustris 18 covered. Bul-
Leersia oryzoides scat- rush & smart-
Eleocharis sp. Iso Tered weed typical
Scirpus validus 8 plants that fol-
Sonchus arvensis | low drawdown.
o" 9-8-62
Typha angustifolia 35 Cattail edge
Polygonum lapathifolium 5 extends 20 ft.
Hibiscus palustris 15 beyond stake in-
Leersia oryzoides pres- to meadow.
ent
o" 6-16-63
Typha angustifolia 33 Cattail extends
20' beyond stake
Asclepias Incarnata 12 in meadow but
Graminae 50 is scattered
and appears to
Nentha sp. ' lack vigor.
o" 9-5-63
Typha angustifolia 5 Stake is on
Asclepias incarnata 10 boundary be-
Leersia oryzoides 1500 tween cattail

Hibiscus palustris

and meadow.

¥Data from Transect | Quadrat 6.

(From Pirnie and Foster,

1964) .
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Table Il. Creel census data, Duck and Fine lakes, 1958!

Total fishing

Lake Trips Hours Catch
Duck 26 80 83
Fine 12 30 55

Catch by species
Black Rock Large- Small- Wall- Pike

Yellow Blue- Pump-

perch gill kin- crapple bass mouth mouth eye
Lake seed bass __ bass
Duck 24 50 3 2 I 2,749 39 44 398
Fine 4 4] 6 2 .o 1,101 ces 49 34

lEstimates are shown to the nearest thousand, except for large-
mouth and smal imouth bass, walleyes, and pike, which are actual

estimates.

(From Taube, 1965.)
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Table 12. Summary of use

The following then presents the five components entering into my
final estimate of non-hunting-season use:

Man-hours
(1) Basic use computed from postcard returns . . . . . 906,000
(2) Estimated nocturnal use not adequately sampled . . 300,000

(3) Estimated use by people in cars that did not
stfopongame areas . .« .« « « ¢ « 4+ « 4 o 4+ .+ . . . 200,000
(4) Allowance for cars missed during daylight counts . 200,000
(5) Estimated use March 2-April 28 before check began. 25,000
Total: March I-September 30, 1962 . ... ... .. . 1,631,000

Types of Use

An analysis of 2,444 postcard returns indicated a wide spectrum of
uses during spring and summer--from fishing to practicing musical in-
struments and hunting tadpole food!

Number of Percent

Activity respondents of total
Fishing 1,291 53.0
Picnicking 328 13.5
Berry picking 296 12.2
Swimming 259 10.6
Camping 247 10.1
Sight-seeing 246 10.1
Boating 149 6.1
Mushroom hunting 127 5.2
Hiking 115 4.7
Loafing, resting 49 2.0
Visiting camper friends 22 0.9
Bird-watching and banding 22 0.9
Target shooting (gun) 19 0.8
Field trials 18 0.7
Archery practice 15 0.6
Water skiing 14 0.6
Dog training 12 0.5
Photography 10 0.4
Miscel laneous 125 5.1

Some respondents reported more than one activity. Therefore, column
totals exceed 2,444 responses and 100 percent.

A decided seasonal variation occurred throughout the spring and
summer. Mushroom hunting was a principal activity in early spring and
again in September. Flishing was popular throughout the entire study
period. Swimming, camping, and picnicking were popular mostly from
July 4 through Labor Day. |In September, dog-training, target shooting,
and related interests associated with the forthcoming hunting season
increased in important.

(From Palmer, 1963)
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