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ABSTRACT

Ideas expressed by most ecologists concerning the

dispersal of micro-organisms by waterfowl have been largely based
on assumptions or upon data from a few field collections. A
series of controlled experiments was conducted at the W. K. Kellogg
Bird Sanctuary on Wintergreen Lake, Kalamazoo County, Michigan,

to determine the possible role played by waterfowl.

Ducks were trapped and, in certain phases of the experiment,
some were washed in a detergent. They were then placed in a
water pen in Wintergreen Lake for periods of time varying from 15
minutes to 24 hours. After removal from the water pen, the ducks
were exposed to the air for periods ranging from 15 minutes to 32
hours, either in an air cage or by being hung on a clothesline in a
harness. A second series of experiments was conducted in which the
ducks were placed in a mud pen. The ducks were restrained in a
holding funnel while plastic boots filled with boiled pondwater were

tied around their feet to remove any organisms present.

Micro-organisms obtained in the boot washings were cultured
in soil-water medium. Washings from the bills and feathers, the
Contents from the gullets, and faecal material of some of the birds,
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and also washings of field-collected birds were cultured. All cul-
tures were examined microscopically to determine the presence or
absence of organisms. In some instances examinations were also
made of the uncultured material.

Controls were maintained by (1) sampling water taken from
the water pen, while the ducks were there, to determine the micro-
organisms present, (2) exposing the ducks and boiled pondwater to
the air for the same period of time, and (3) observing cultures of
unexposed boiled pondwater as used in the washings and uninoculated
culture medium to determine the presence or absence of micro-
Organisms. Environmental data such as humidity, wind velocity, air
temperature, and sky conditions during the period of investigation
Wwere recorded.

One hundred and six waterfowl, representing seventeen species,
Wwere washed with boiled pondwater. Forty-one birds were used for
the field data, whereas 23 ducks were used in the controlled experi-
Iments in 1955 and 42 in 1956. Viable organisms found on the
Waterfowl were 87 species from the feet, 26 from the feathers, 25
from the bills, 14 from the gullet, and 8 from the faecal material.

The modes of dispersal as well as the.nature of the aquatic
€nvironment determine what organisms are to be found in a
€iven environment. Although often not considered, these modes are

iii






also important in explaining the distribution of aquatic micro-

or ganisms throughout the world.
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PREFACE

A Truism:
Hardly any branch of natural history has been so neglected
as that which treats of the various modes by which the different

classes of organisms have become dispersed over the surface of
the globe.

Alfred R. Wallace (1893-1913)
Quotation from Kew (1893, p. v of Preface)
The primary objective in undertaking the following research

was to demonstrate under what conditions algae might be dispersed
by waterfowl and to study previously unknown factors through con-
trolled experiments. This study was conducted in the hope that it
Mmight stimulate interest in problems of dispersal of micro-organisms
and that it might be the basis for future research in this field to give us
Imore insight into methods by which organisms are dispersed.

No man is an island, entire of itself; every man is a
piece of the continent, a part of the main. [Merton, 1957, p.
21]
This seems especially true in ecological research. One can-
Not jsolate himself from the work and ideas of others if he is to
Contrijbute to the advancement of knowledge. It is therefore with

great respect and gr'atitude that those who have aided in advancing

this research are acknowledged.



Dr. Gilbert M. Smith of Stanford University was the first to
arouse my interest in the dispersal oi; algae, and were it not for
his encouragement the study would not have been initiated.

I am also deeply indebted to Dr. G. W. Prescott of the De-
partment of Botany and Plant Pathology and Dr. T. W. Porter of the
De partment of Zoology, Michigan State University, for their encour-
agement, understanding, and guidance. I also wish to thank Drs.

_ M. D. Pirnie of the Department of Fisheries and Wildlife, W. E. Wade
of the Department of Natur'al Science, and G. P. Steinbauer of the
Department of Botany and Plant Pathology for their helpful advice.

Gratitude is also extended to Drs. I. W. Knobloch, P. H.
Barrett, C. H. Nelson, and Messrs. D. L. Shull and D. K. Stewart,
Oof the Department of Natural Science, Drs. D. E. Schoenhard of the
De partment of Microbiology and Public Health, R. C. Ball of the
Department of Fisheries and Wildlife, Michigan State University; A. D.
Geis of Patuxent Wildlife Research Station, Laurel, Maryland; Drs.
W. T. Edmondson, K. L. Osterud, and D. L. Ray of the Department
°f Zoology, University of Washington, Seattle; E. G. Pringsheim of
Pflangen-physiologisches Institut, Gottingen, Germany; W. J. Clench
°f the Museum of Comparative Zoology at Harvard University; Drs.
C. T. Black, T. J. Peterle, and Mr. Ray Schofield of the Michigan
Department of Conservation Rose Lake Wildlife Experimental Station;
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Mr. Thomas Graham of Thurso, Scotland; and Mr. W. H. Southworth,
Farm Foreman at Michigan State University.

For summer facilities I am indebted to the W. K. Kellogg
Gull Lake Biological Station of Michigan State University, and R. D.
Van Deusen, Director of the W. K. Kellogg Bird Sanctuary. Messrs.
A1l England and Richard Cleaves aided in the construction of pens,
traps, and other apparatus, for which I am very grateful.

Gratitude is also extended to Mrs. H. V. Konkel of Detroit
for aiding in the translation of De Guerne's French publication.

I also wish to thank Mr. Edwin Wintermute of The Lansing

State Journal for his encouragement and for critically reading this

thesis.

Lastly, I will be forever indebted to my wife, Mary Southworth
Schlichting, along with my relatives and friends, who make any diffi-

Cult tagk well worth doing.
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CHAPTER 1
INTRODUCTION
Origin of the Problem

While studying at the University of Michigan Biological Station
in 1953, the writer became interested in the role waterfowl are as-
Sumed to play in the dispersal of algae and protozoa.

The following quotations from Dr. G. M. Smith's text, The

Freshwater Algae of the United States, called my attention to the

fact that there was very little experimental evidence to support the
géneralizations made by various ecological investigators in respect
to algal dispersal.

Smith (1933, p. 11, 12) states:

All discussions of the means by which alga [sic] are dis-
Persed have been based upon general observations rather than a
detailed study, and it is not definitely known whether algae are
transported in a vegetative or in a resting stage.

The importance of zygotes and resting cells has been
Ereatly overemphasized in discussions on dispersal; it is very
Probable that dissemination of vegetative cells is of far greater
importance than that of resting cells. Streams assist in the
dispersal of algae, but the two major agencies transporting algae
from one locality to another are hirds and the wind. Those
[persons] who argue for transportation by birds hold that most
Of the algae are carried in half-dried mud adhering to the bird's

1



feet, but lodging of algae among the bird's feathers may be
fully as important a factor. Transfer of plankton algae is
brought about by migratory aquatic birds moving from one body
of water to another.

After realizing that a problem existed, the literature was
searched to learn what investigations concerning methods of dispersal
had been conducted. When it became clear that very little evidence
was at hand, a plan of research was devised by which it could be
learned whether waterfowl do play an influential role in the dispersal
of freshwater algae. Attempts were made to develop several schemes
which would show empirically whether wind, flooding, rain run-off,
water currents, floating objects, birds, insects, fish, reptiles, am-
Phibians, mammals, and man were all involved in the dispersal of

aquatic organisms. However, this thesis concerns only the role of

waterfowl in the dispersal of algae.
Related Problems of Dispersal

Various agencies have been credited with dispersing micro-

Organijsms throughout the world.

P s .
Fhysical agencies

Wind. - -

There have been recorded in all periods of historic time,
however, showers of one kind or another of animals and plants



or their products-showers of hay, of grain, of manna, of blood,
of fishes, or frogs, and even of rats. [McAtee, 1917, p. 217]

Many researchers such as Gislen (1940 and 1948), Messikom-
mer (1943), Hudson (1889), Beger (1927), and Huber-Pestalozzi (1937)
have stressed the importance of air currents in the dispersal of
micro-organisms.

Gislen (1940, p. 22), Hudson (1889, p. 173), and Pennak (1953,
P- 15) have indicated that the ability of an organism to form a light
Spore or cyst will probably also explain the wide distribution of that
SPpecies and its being easily dispersed by wind currents.

Pady (1957, p. 351) reported that fungal spores were present
in the air throughout the year, but were seasonal in their distribu-
tion, with peaks in July and August, and occurred in low concentration
during the winter. The intensity of the wind was also directly related to
its spore-load. He stated that additional work is necessary to determine
SPore -loads at different intervals during the day. This work should
be concerned mainly with variations in temperature and humidity and
their effects on the number and kinds of air-borne fungal spores.

Gislen (1948, pp. 124-125), in the summary of his work,
States in part:

Small organisms have considerable possibilities of distri-
bution by convection air currents and winds at moderate alti-

tudes. Examples are given of such distribution over great
distances. But as the animals are often strictly specialized



ecologically (herbivores, parasites, etc.) they have particular
difficulties to overcome in their new surroundings.

Numbers of micro-organisms are constantly being driven
up into the air to return again to earth in rain showers or

downward air currents.
Micro-organisms are very resistant to unfavorable factors

met with in the air-sea. Some may be distributed through the
air in an anabiotic stage. Being often hermaphrodite or
parthenogenetic, many of them can give rise to progeny from a
single individual which happens to arrive in suitable surround-
ings. Their resistance to low temperature, low barometric
pressure and drought is superior to that of all other organisms.
Nevertheless, in comparison to larger forms, they are very
sensitive to radiations, especially ultra-violet, which seem to
check their distribution more than that of larger forms.

Meier (1933, p. 380) adds, as far as some green algae are
conc erned, upon a 6-minute to 18-hour exposure to ultra-violet that:

In the regions of ultra-violet beyond 3022 A. the approxi-
mate limit of ultra-violet irradiation in nature, the green algal

cells were killed.

............................................

Wave lengths longer than 3022 A., that is, wave lengths of
3130, 3341, and 3650 A., had no appreciable lethal effect on the

algae.
Gislen (1948, p. 125) asserts that':

No geographical borders or barriers exist for microforms.
‘They are often cosmopolitan, or else regionally distributed
around the whole globe in certain climatic belts.

Under favorable conditions, especially in humid air, the
harmful influence of radiation is diminished, and microforms
Imay be transported alive by winds over greater distances than

in clear and dry weather.

However, Hyman (1940, p. 71) makes the following statement:

The cysts of Protozoa occur attached to grasses, and
Other objects, in the soil, etc., and may be disseminated by
Various agents but do not float about in the air to any extent.



In Puschkarew's experiments, air inoculation of sterile cultures
resulted in only 13 species, chiefly small amoebas and flagel-
lates and one ciliate (Colpoda).

Frequently, sterile cultures exposed to the air fail to de-
velope any Protozoa.

The ability of Protozoa to encyst and survive the effects of
drying for long periods of time has been discussed by many (Hyman,
1942, p. 71; Gislen, 1940, p. 21; Kudo, 1946, pp. 147-149; Pennak,
1953, p. 15; and Galbraith and Taylor, 1950, p. 938). The formation
of a spore or cyst which can withstand desiccation favors but does
not guarantee a wide distribution of particular species. As will be
Seen later, my results upon exposing sterile pondwater to the air for

various periods of time were very similar to those of Puschkarew.

Talling (1951, pp. 160-161) states:

Dispersal of small viable resting stages in wind-borne
dust is frequently postulated but difficult to detect (c. f. Gislen,
1943). The exposed and drying mud on the margins of ponds
would readily contribute to such aerial dust, as several authors
have pointed out (c. f. Pettersson, 1940). An empirical approach
to the problem is possible from observations of the entry of
Small aquatic organisms into sterilized cultures or infusions left
exposed to the air. Its frequent rapidity led several algological
workers (e. g. Eddy, 1925; Pettersson, 1940; Messikommer,
1943) to emphasise [sic] the importance of wind dispersal for
fresh-water algae. However, the total number of species ob-
tained was small, as in the earlier experiments of Puschkarew
(1913) on Protozoa, in terrestrial habitats such as soil. It is
Probably more appropriate to conclude, as Puschkarew did, that
Such culture experiments have not established the importance of
Wwind in the dispersal of the aquatic micro-fauna and flora.

In general, although many individual examples of the dispersal of
Smmall aquatic organisms by wind have been established, the
Ower-all significance of such dispersal is still not clear.



Flooding and rain run-off.--The spread of algal species is

aided also by flooding and rain run-off. Poretskii (1926, p. 798)

states: ''Normal phytoplankton organisms of the Nevka introduced

by the flood into the pond rapidly decreased and had entirely disap-

peared in 40 days.'' This would indicate that although new organisms

are brought into an area by flooding, it still does not guarantee their

e stablishment.

Water currents and floating objects.--Water currents and

floating objects also carry algae from one location to another in a

given body of water but are relatively unimportant in populating a

Separate body of water.

Biological aggxcies

Birds.--Ridley (1930, p. 489), Taylor (1954, pp. 569-572),

Sawvile (1956, p. 441), and others have shown that birds can transport

the geeds of plants, externally or internally, relatively great distances

In & vyiable condition. In fact it has been pointed out by Krefting and
Roe (1949, pp. 271-286) and Ridley (1930, p. 489) that seeds passing
the ough the digestive tract of a bird may be in better condition to

E€rminate than if they had not been eaten.



Insects.--Probably the greatest proponent of algal dispersal
by dinsects is W. Migula (1888). In studying the scrapings from dif-
fer ent body parts of water beetles, Migula (1888, p. 516) recorded

species of the following genera: Anabaena, Characium, Synedra,

Oscillatoria, Scenedesmus, Navicula, Protococcus, Cosmocladium,

Aphanochaete, Chlamydomonas, Cocconies, Palmella(?), Penium,

Chroococcus, Hapalosiphon, Fragilaria, Encyonema, and Meridion.

He concludes that the role of aquatic insects in the dispersal of

algae is more important than either that of water birds or the air

Currents.

Kew (1893, pp. 62-63, 67) states that aquatic insects may

Also play a role in the dispersal of mollusks and fish:

. . John Curtis, the distinguished entomologist, expressed
the opinion that the larger aquatic insects-especially the
Cytiscides-might without doubt be the means of conveying fish-
spawn from one piece of water to another and Mr. Wallace in
like manner, discussing the means of dispersal of fishes, ob-
serves that water-beetles flying from one pond to another ''may

occasionally carry eggs.''

Irénée-Marie (1938, pp. 32, 35) reported finding members of

the genus Closterium in the claws of a large Dytisid. He listed

desmids found on the body of a dragonfly (Libellula sp.) and a beetle.
1\’Iessikommer (1943, pp. 315-316) also credited dragonflies with dis-

perSin.g micro-organisms from one body of water to another in



encysted forms and spores, also as vegetative cells, if the distance

was not too great.

It may well be that sterile culture media exposed to the air
may be contaminated by micro-organisms carried by insects rather
than from the air currents. Yet in the literature Beger (1927, p.
393 ) and others attributed organisms found in these exposed sterile

media as being air-borne and probably in the encysted stage.

A study is being conducted at Cornell University, New York,
by Mr. Bassett Maguire, Jr., to advance our knowledge of the role

of aquatic insects, especially Diptera, in the dispersal of micro-

Organisms.

Fish.--Dispersal of higher aquatic plants by fish has been

discussed by Ridley (1930, pp. 516-518); the role of fish in the dis-
Persal of algae has been mentioned by Irénée-Marie (1938, p. 31),
Lefevre (1940, pp. 347-349), Velasquez (1939, pp. 386, 389, 403),

Tiffany (1927, p. 303), and others.

The algae can be carried within the digestive tract and then
Qefecated in a viable condition when the fish reaches a new location,
O  carried externally on the body, especially along the edge of

the Scales.



Tiffany (1927, p. 33) remarked in respect to the species and
varieties of algae found in an identifiable condition in the digestive

tract of a young gizzard shad:

The species and varieties of algae identified from this
young gizzard shad numbered 57, distributed in the following
groups: 11 Myxophyceae, 3 Euglenidae, 1 Phaeophyceae
[Dinobryon setularia], 2 Heterokontae, 13 Bacillariae, and 27
Chlorophyceae.

Velasquez (1939, p. 403) removed the contents from various

Sections of the digestive tract of the gizzard shad (Dorosoma cepedi-

a . iy )
num), cultured these under sterile conditions, and found:

The species and varieties of viable algae are practically
the same throughout the alimentary canal. It may therefore be
concluded that whatever species are quickly destroyed and di-
gested are quite immediately effected near the mouth end of the
alimentary canal. In this connection, the large number of com-
mon genera that were not recovered at all in culture is signifi-
cant. No specimens or only an insignificant number even turned
up in culture of any of the following groups always present in
ordinary freshwater habitats: (a) Bacillarie, (b) Volvocaceae
group, (c) Dinobryon of the Heterokontae, and (d) filamentous
green algae.

There survived 30 species and varieties of Chlorophyceae:
12 species and varieties of Myxophyceae; 4 species of Bacillariae,
2 species of Heterokontae; and 1 species of Euglenophyceae. The
order Chlorococcales (Chlorophyceae) had the greatest number of
wviable algae. It seemed that cell wall modifications or rather
Special secretions resisted the digestive fluids of the fish.

Faecal material from three fresh-water fish (Cyprinus carpio,

E%nus rustilus, and Brama brama) was cultured by Lefevre (1940,

PD. 733-739) and the most common algal groups were: Protococcales,

Flagellates. Cyonophyceae, Dinoflagellates, and Volvocales. The
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desmids and many diatoms seem particularly susceptible to destruc-

tionn by intestinal secretions.

Irénée-Marie (1938, p. 31) states that fish can carry count-
les s desmids cemented to their scales which may then become de-

tac hed by the fish brushing aquatic vegetation.

Reptiles.--Most of the work on the role of reptiles in the
dispersal of algae has been carried out on turtles (Edgren, Edgren,
and Tiffany, 1953, pp. 733-739). Ridley (1930, p. 515) does mention
the role that lizards and tortoises play in the dispersal of higher
Plants but does not discuss the algae. Vinyard (1953, pp. 63-64)

Imentioned that:

. . Certain aquatic or semi-aquatic animals are excep-
tionally good algal habitats in themselves. The dearth of in-
formation on the species of algae occurring on such substrates,
as well as on the identity of such animals bearing algal growths,
has made it apparent that much useful information might be ob-
tained on the nature of these plant-animal relationships.

In his study of algal growths on some turtles in Oklahoma he
lj‘sted the species of algae found on the various turtle species. Neill
and Allen (1954, p. 583) stated that ''. . . as a turtle moves from
POond to pond, it may disseminate the epicolous alga.''

Painted turtles (Chrysemys picta) have been observed by the

qthor near the W. K. Kellogg Gull Lake Biological Station of Michi-

€an State University traveling overland between ponds carrying an
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obvious algal growth upon their backs as well as various species of

leeches adhering to the edge of their carapaces. The turtles prob-
ably are also important in the dispersal of algae from one body of

water to another.

Amphibians.--Irénée-Marie (1938, p. 32) has considered the

Possibility of frogs dispersing algae. Of the twenty-five frogs ex-

amined, only one did not carry algae externally. From the body of

one small frog he obtained 326 desmids representing nine different

genera. Migula (1888, p. 517) asserts that water beetles and frogs

Play an influential part in the dispersal of algae and that frogs may

Carry more kinds of microscopic plants and animals than do water

beetles. Salamanders may also play a role in dispersing micro-

Organisms.

Mammals.--Irénée-Marie (1938, pp. 31-32) trapped a mink

(Mgﬁtela vision, probably) and removed from its fur 169 desmids,

The

S1xteen species in nine genera, and some unclassified cells.

E€nus Closterium was especially abundant.

Therefore it seems probable that mammals may contribute to
the transport of algae and protozoa as well as fish eggs, snail eggs,

€t cetera, from one body of water to another, but there is no direct

®Vidence to support this assumption.
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Man.--Talling (1951, p. 160) states:

Man himself has been an agent in the dispersal of fresh
water organisms. In addition to accidental transportations, the
vexed question of artificial transplantations belongs here. . . .
Also, even the energetic field naturalist may be unconsciously
responsible for extending the range of a species, as he empties
the xresidue of his collections of the day into some convenient
pond or stream.

Man has had a great influence upon the distribution of various
species of higher plants and animals through modification of the en-
vironment and introduction of new species. Probably a long time
must elapse before we shall have measured the total effect man
exerts on the environment. Although we do know that the introduc-
tion of ewen one species of higher plant or animal into a new area
can have great effects upon the ecology of that area, the effects of
a2 newly introduced protozoan or algal species upon a given plankton
Population has not as yet been studied.

Eddy (1925, p. 143) states:

. In all probability, unicellular algae, such as Diatoms
and Euglena, are pioneers of the initial stage. Seeding condi-
tions for these forms are generally much better than for the
filamentous types. From the early appearance of Flagellates
and pDiatoms in sterile cultures and initial stages, it is very
©Vvident that the encysted forms of these species are very widely
aAnd readily dispersed. The higher types of filamentous algae
Are either not so readily dispersed, or do not possess so wide a

Tange of adaptability and require more favorable conditions than
Offered by the initial stages.
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A s suggested by Dr. K. L. Osterud (1955), the study of the
initial bacterial, protozoan, or algal invaders of a pond and their
modification of the aquatic environment would be well worth investi-
gating.

F or an additional review of the various problems in the dis-

persal of micro-organisms, The Elements of Chance in Pond Popu-

lations, by J. F. Talling (1951), is suggested.



CHAPTER 1I
HISTORY OF THE PROBLEM

An exhaustive search of the literature reveals only a few
references to the problem of dispersal of micro-organisms by birds.

Charles Darwin was probably the first investigator to conduct
any type of controlled experiment to demonstrate that waterfowl may
be important in the transport of aquatic organisms.

Darwin (1859, pp. 302, 304) states:

When ducks suddenly emerge from a pond covered with
duck-weed, I have twice seen these little plants adhering to
their backs; and it has happened to me, in removing a little
duck-weed from one aquarium to another, that I have uninten-
tionally stocked the one with fresh-water shells from the other.
But another agency is perhaps more effectual; I suspended the
feet of a duck in an aquarium, where many ova of fresh-water
shells were hatching; and I found that numbers of the extremely
Iminute and just-hatched shells crawled on the feet, clung to
them so firmly that when taken out of the water they could not
be jarred off, though at a somewhat more advanced age they
would voluntarily drop off. These just-hatched molluscs [sic],
though aquatic in their nature, survived on the duck's feet, in
damp air, from twelve to twenty-hours; and in this length of
time a duck or heron might fly at least six or seven hundred
Imiles, and if blown across the sea to an oceanic island, or to
any other distant point, would be sure to alight on a pool or
rivulet.

We should not forget the probability of many fresh-water
forms having formerly ranged continuously over immense areas,

and then having become extinct at intermediate points. But the

14
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wide distribution of fresh-water plants and of the lower animals,
whether retaining the same identical form or in some degree
modified, apparently depends in the main part on the wide dis-
persal of their seeds and eggs by animals, more especially by
fresh-water birds, which have great powers of flight, and nat-
urally travel from one piece of water to another..

According to Talling (1951, p. 159), Darwin ''performed the
simple experiment of dipping a severed duck's foot in an aquarium
to test the viabilities of aquatic organisms left stranded on the feet;
a repetition of this experiment in nature would be of interest.'!

Following Charles Darwin, the first person to do actual re-

search to discover whether algae may be carried externally on water-

fowl was Jules de Guerne. His work, Sur les dissemination des

organismes d'eau douce par les Palmipedes, published in 1888, is

certainly the first major contribution to the study of waterfowl in

the dispersal of micro-organisms. Although he conducted the original

research, he is seldom quoted directly in the literature, and then
only briefly.

Reference had been made to De Guerne's work by Zacharias
(1888, p. 369), Huber-Pestalozzi (1938, p. 72), and a few others, but
most English-writing ecologists have preferred to quote German

workers (i.e., Zacharias, 1888; Zschokke, 1900; and Beger, 1927).
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Because De Guerne's work has a direct bearing on this re-
search, I have included my translation of the original French publi-
cation in the Appendix.

Thus, in tracing the history of the problem, one may regress
from Smith (1933) to Beger (1927) to Zacharias (1888) to De Guerne
(1888) and finally to Darwin (1859). Between 1850 and 1875, Sir
Charles Lyell, A. R. Wallace, Charles Darwin, and their associates
probably exchanged ideas freely. This group undoubtedly should re-
ceive the credit for having laid the foundation for much of our pres-
ent knowledge of dispersal and distribution of plants and animals.

Kew (1893) in The Dispersal of Shells gave many indications

as to how various mollusks may be dispersed throughout the world.
He is probably most frequently quoted by English ecologists.
Various workers have reported finding snail eggs, pieces of
higher aquatic plants, mollusks, insects, et cetera, adhering to the
feathers, feet, and bills of waterfowl. Darwin (1859) observed
Lemna adhering to the feathers, and young fresh-water snails ad-
hering to the feet of ducks. Later, in 1878, he reported a clam

(Unio complenatus) attached to the toe of a blue-winged teal

(Querquedula discors) shot in Massachusetts. Zacharias (1888, p.

368) stated that Humbert found winter eggs of crustacea on the

feathers of wild ducks, and Kew (1893, pp. 47, 52) reported that a
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mallard was shot ''in the Sahara desert a hundred miles from water"
with mollusk eggs ''attached by the glutinous coating to one of the
feet.'' He also stated that pieces of aquatic plants may adhere to
the body of waterfowl when they leave a body of water. Reid (1892,
p. 278) stated that the nest of the stickleback fish is attached to
water plants and would likely be transported with the plants when
they become attached to waterfowl.

. Molluscs might possibly be carried in the crops of
birds considerable distances, and others be distributed and es-
tablished in new districts or on islands, as the living shells
might be ejected from the crops, or the birds might be killed
by birds of prey [or hunters] and the contents of the stomach
dislodged and scattered. [Kew, 1893, p. 161]

I picked a living bark beetle out of the feathers of an owl
knocked down in flight in the highlands of Fiji. Owls have been
seen at sea 1,000 miles from the nearest land. [Zimmerman,
1948, p. 54]

Saville (1956, p. 441) stated that Lemna and Spirodela were
probably spread largely by adhering to the body feathers and feet of
waterfowl as they rise from ponds in which these plants are growing.

There is no wish on the part of the author to imply that
these early reports are untrue. But a more detailed account of
these observations discussed in the literature would eliminate much
misinterpretation in some ecological reports. One is inclined to be

Critical of another's work but sometimes it is more difficult to pro-

duce something better.
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Also the author had observed Lemna minor and filamentous

green algae adhering to the feathers and feet of ducks when they

were first removed from the water. After the ducks had been

hanging in the air 10 minutes, the Lemna minor and algae were not

found (Chapter VI).

We will do well to keep in mind Darwin's remark, ''How
ignorant we are with respect to the many curious means of
occasional transport.'"' [Zimmerman, 1948, p. 62]

Strom (1924, p. 141) asserted that the flights and migrations
of wading and swimming birds are of great importance in the distri-
bution of organisms, perhaps especially for local habitats, and that
much research remains to be done concerning the possibilities and
means of the distribution of algae.

Some of this much-needed work, done recently by Irénée-
Marie (1938) and Messikommer (1948) has aided us greatly in ob-
taining a clearer idea of the role which waterfowl play in the trans-
port of algae.

In Flor Desmidiale de la Region de Montreal (1938, pp. 32,

33) Fr. Irénée- Marie described the washing of the feet of a Blue
Heron in filtered water after observing its flight between peat bogs.

The following desmids were recorded:
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Genus Number Observed Number of Species
Closterium 31 3
Penium 5 ‘ 1
Pleurotaenium 5 2
Triploceras 32 2
Staurastrum 18 3
Spondylosium 2 filaments, 17 cells 1
Netrium 9 1
Cosmarium 9 2

A total of 126 cells of 15 species representing eight different
genera were found. Irénée-Marie had declared a belief that many
specimens remained on the walls of the vessel containing the wash-
ings.

He also killed ducks before they could land in the water of
the peat bog. The washings of the plumage of one duck yielded 517
desmids representing 31 species and 13 genera.

In Algennachweis in Entenexkrementen (1948, pp. 23-24)

Messikommer reported his findings from the direct microscopic ex-
amination of fresh faecal material from ducks. He found fragments

of higher plants, empty diatom frustules of Synedra, Cocconeis,

Fragilaria, Cymbella, Epithemia, Navicula, and Gomphonema, an
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unclassified living ciliate, epidermal cells of sedges, fragments of
different filamentous green algae consisting of two species of

Oedogonium and Microspora quadrata and often Tribonema vulgare.

Staurastrum cingulum, Scenedesmus ecornis, Spirogyra sp., moss

leaves, vessels of higher plants, and pieces of insects also were

observed.

Klingle (1940, p. 191) used sterile water to wash the feet of

sixteen Spotted Sandpipers (Actitus macularia) which he shot on

Inaqua Island in the West Indies. He found eleven small seeds, two
species of desmids, microscopic green algae, and a number of un-
classified amoeba-like organisms. There may have been others like

Klingle who have washed birds in the field making brief comments

about their observations.



CHAPTER III
HUNTERS' DATA SHEETS AND FIELD DATA

A preliminary investigation concerning the problem of algal
dispersal by waterfowl was begun in the fall of 1953. The objectives
of this initial investigation were to determine (1) what micro-
organisms are carried externally on waterfowl, and (2) in what
stage they are carried; i.e., vegetative, encysted, or in a spore
stage.

By use of the hungers' data sheet (Appendix A) which was a
forrn that the hunters were requested to fill out, the following infor-
mation was secured: (1) name of the bird shot; (2) sex of the bird;
(3) position of the bird when shot; i.e., coming into, leaving, or
SWimming in the body of water; (4) name and location of the body of
Water; (5) date; (6) time of day the bird was shot; (7) name and
addresgs of the hunter; and (8) additional remarks.

The heads and feet of the ducks were removed by the hunters
and placed in a new number 5 paper bag along with the correspond-
Ing hunters' data sheet. Later washings were made from the bills

and feet using boiled pondwater.

21
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Methods

The glassware used in this research, after being cleaned,
was boiled in tap-water for 30 minutes and allowed to dry on fresh
Paper toweling. Distilled water was boiled 20 to 30 minutes in
250-m]. Erlenmeyer flasks, capped with cotton plugs, and allowed to
cool to room temperature. The sterile water was used for the
sterile washings of the birds' feet and bills.

The medium for culturing algae and protozoa consisted of a
clay-loam soil moderately rich in humus which was obtained from a
u“iVeI‘sity farm (Southworth). The soil was boiled in distilled water
for 30 minutes, allowed to stand for periods of time varying from
three hours to two days, and again boiled for 30 minutes. It was
then poyred into sterile fingerbowls, covered with sterilized glass
Plates, and allowed to cool. Later the medium was inoculated with
Centli‘ifuged material from the bird washings. With each preparation
of Medium there were at least two controls to which no foreign
Matter was added.

The feet and bills of the birds were washed by swirling in
the boijled distilled water for three minutes, although some speci-

Mens were allowed to soak overnight. On a few occasions, the

w - .
ash-lng periods were even longer. These washings were made
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from one hour to as long as three months after the shooting of the
bird. "The birds had been stored in the Zoology Department cooler
at approximately 40 degrees Fahrenheit. Approximately one-third
of the washing was centrifuged and studied immediately after wash-
ing, another third was placed in culture media, and the remaining
third was preserved in 10-percent formalin solution.

Samples of four to twelve drops of medium were removed
from the surface, the middle, and the bottom of each fingerbowl.
These samples, examined microscopically, were considered to con-
tain representatives of the algal and protozoan inhabitants in the

Culture_

Field Collections

H
“Unters' data sheet

The waterfowl were collected from various hunters in differ-

€Nt localities. Six common snipe (Capella gallinago) were

shot Ly Dr. A. D. Geis at about 9:00 a.m. on October 15, 1953.
They ere flushed from the mud flats along the edge of Crooked
Lake (Barry County, Michigan). The snipe were kept at air tem-
peratl.'lre until 3:00 p.m. Then they were placed in the Zoology De-

v paI'trllent's cooler at 40 degrees Fahrenheit. They remained in the
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cooler until 4:30 p.m., October 16, 1953; then washings were made
of theixr feet and bills.

The feet of three snipe were washed for approximately two
minute s in boiled distilled water. A sterilized scalpel was placed
between the toes of the birds and shaken vigorously for several sec-
onds to remove any material which might have lodged there. A
Second beaker was used to wash the feet of the remaining three
birds. The bills of four birds were washed in a third beaker.
After being centrifuged, approximately the upper three-fourths of the
liquid was decanted.

In Table I are listed the other birds that were collected.

The Organisms observed microscopically are recorded in Table II.

_.Seattle »_Washington

On April 25, 1955, at 9:30 a.m. a Mallard duck (Anas
_....plafzrhznchos) was taken from Lake Washington at Seward Park.
The excess water was shaken from its feet. After the bird had
been held in the air for five minutes, each foot was placed in a
Smal) jar containing boiled pondwater and shaken vigorously. The
washings were centrifuged at low speed and examined at 11:30 a.m.
A filament of Oscillatoria sp., a few unclassified small (3/4) green

unicells, debris, and pieces of diatom frustules were observed.






TABLE 1

BIRDS EXAMINED IN THE HUNTERS' DATA
SHEET STUDY, FALL, 1953

25

Period
Quan- of Time
Bird tity of Body of between
) Name .
No. Birds Water Shooting
Shot and
Washings
1 1 Ruddy Duck (Oxxura Lake 4 days
jamaicensis) Lansing
2 2 Wood Duck (Aix sponsa) Rose Lake 5 days
3 1 Black Duck (Anas Rose Lake 8 days
rubripes)
4 1 Redhead (Aﬂhxa Lake 2 hours
americana) Lansing
5 2 Coot (Fulica americana) Lake 2 hours
Lansing
6 1 Canada Goose (Branta Wintergreen 3 days
canadensis) Lake
7 1 Blue Goose (Chen Saginaw Bay 22 days
caerulescens) Marshes
8 1 Green-winged Teal Saginaw Bay 22 days
(Anas carolinensis) Marshes
9 3 Black Duck (Anas Saginaw Bay 22 days
rubripes) Marshes
10 6 Black Duck (Anas Macks Creek, 13-24
rubripes) Stanwood days




TABLE I (Continued)

26

Period
Quan- of Time
Bird tity of Body of between
. Name :
No. Birds Water Shooting
Shot and
Washings
11 2 Buffle-Head Duck Lake 12 hours
(Bucephala albeola) Lansing
12 1 Ruddy Duck (Oxyura Lake 12 hours
jamaicensis) Lansing
13 3 Coot (Fulica americana) Lake 12 hours
Lansing
14 1 Canada Goose (Branta Wintergreen 26 hours
canadensis) Lake
15 6 Common Snipe (Capella Crooked 31 hours
gallinago) Lake
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TABLE 1II

ORGANISMS OBSERVED ON MICROSCOPIC EXAMINATION OF
WASHINGS FROM THE BIRDS IN THE HUNTERS' DATA
SHEET STUDY, FALL, 1953

Portion of

Bl\iI:i Bird ;‘reh$[:f:;i:? Organisms Observed
Washed
1 Bill, Feet Cent. Wash.? No living algae or protozoa
2 Bill, Feet Cent. Wash. No living algae or protozoa
3 Bill, Feet Cent. Wash. No living algae or protozoa
4 Feet Cent. Wash. Euglena gracilis, fungal spores
Cult. Mediab Nostoc verrucosum, Oscillatoria
limnetica
5 Bilkl, Feet Cent. Wash. Oscillatoria a.mphibia
Cult. Media Oscillatoria amphibia
6 Feet Cent. Wash. Navicula sp., unclassified ciliates
7 Bill, Feet Cent. Wash. Colpidium sp., fungal spores
8 Bill, Feet Cent. Wash. No living algae or protozoa
9 Feet Cent. Wash. No living algae or protozoa
Cult. Media No living algae or protozoa
Bill Cent. Wash. Geminella minor
Cult. Media Geminella minor

aC entrifuged Washing.

bCulture Media.
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TABLE II (Continued)

Bird
No.

Portion of
Bird
Washed

Preparation
of Material

Organisms Observed

10

11

12

13

14

Feet Cent. Wash.

Bill Cent. Wash.

Feet Cent. Wash.

Cult. Media

Bill Cent. Wash.

Feet Cent. Wash.

Cult. Media

Feet Cent. Wash.

Cult. Media

Bill Cent. Wash.

Feet Cent. Wash.

Peranema sp., Navicula sp.,
Kirchneriella subsolitaria

Navicula sp., Peranema sp.,
Collembola

Scenedesmus abundans, S. ar-
cuatus, Gloeocystis gigas,
Pinnularia sp.

Gloeocystis vesiculosa, G. gigas,
Aphanocapsa elachista, Oscilla-
toria Agardhii

Oscillatoria limnetica, Gloeo-
cystis sp., Gloeocapsa aerugi-
nosa

Oscillatoria limnetica, O. é&ard-
D_ii_. Scenedesmus arcuatus

Oscillatoria sp.

Scenedesmus arcuatus, Gloeo-
cystis vesiculosa, Sphaerella
lacustris

Nostoc sp., Oscillatoria sp.

Pediastrum Boryanum, Aphano-
capsa elachista, Oscillatoria

amehibia

Gloeocystis vesiculosa, Palmella
mucosa
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TABLE II (Continued)

Portion of

Bird Bird Prep arat}on Organisms Observed
No. of Material
Washed
14 Feet Cult. Media Colpoda steini
Bill Cent. Wash. Sphaerocystis Schroeteri
Cult. Media Protococcus viridis, Trochiscia
granulata, Sphaerocystis
Schroeteri
15 Feet Cent. Wash. Frontonia sp., two unclassified
and amoebae, Navicula sp., Phacus
Cult. Media spp., Geminella sp.
Bill Cult. Media Nostoc sp.
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The washings were placed in the Zoology Department cooler
until May 2. Upon examination of the washings May 2, the follow-

ing were seen: Ulothrix sp., Oscillatoria sp., Monas sp., and

Chilomonas sp. On May 11 Ulothrix sp., Oscillatoria sp., Monas

sp-, an amoeba, fungal spores, and unclassified cysts were present.
The culture was found to contain the same organisms on May 16
with the addition of Euglena sp. and an unclassified holotrich.
One-half of the April 25 washings were added to a sterile
hay infusion and the other half to a wheat culture medium on May
2. On May 19 the hay infusion contained Vorticella sp., Monas sp.,

Colpoda sp., bacteria, and a Hartmonella-like amoeba. Colpoda sp.,

Paramecium bursaria, Vorticella sp., and unclassified cysts were

present on May 27 and 28. The wheat culture comtained Vorticella

sp., Monas sp., Ulothrix sp., and Holotrich: Pithothorax sp. On

May 30 the wheat culture contained Colpoda sp., Ulothrix sp.,

Oscillatoria sp., Bodo sp., Monas sp., and Plagiocampa sp., and the

hay infusion contained only bacteria and Paramecium bursaria.

Pine River, Michiﬂa_r_l'

On November 7, 1955, at 10:30 a.m., a Goldeneye Duck

(Glaucinetta clangula americana) was flushed from the main stream

of the Pine River between St. Louis and Porter, Michigan. The



31

bird was in the air an estimated 30 to 45 seconds before being shot
down; it fell into the grass on a high bank (8 to 10 feet) about 20
feet from the river. The feet and bill were washed immediately by
being shaken vigorously for two minutes in vials of sterile pondwater.

At 3:50 p.m. of the same day the washings were returned to
Michigan State University and planted in culture flasks of soil-water
media.

Examination of the material on November 26 and December 9,

1955, showed the following organisms: Feet washings: Gyrosigma

sp., Gomphonema sp., Navicula sp., Cyclotella sp., Gloeocystis sp.,

‘Nannochloris bacillaris, Chlamydomonas Cienknowskii, Scenedesmus

longus, S. armatus, Ulothrix sp., and Cladophora sp. Bill washings:

Ulothrix sp., Euglena sp., Gomphonema sp., and Oscillatoria sp.

A Gadwall Duck (Anas strepera) was flushed from an arm of

the Pine River at 11:00 a.m. Duckweed (Lemna minor) was abundant

in the area, although the duck may not have been in it. The bird
was in the air 30 to 45 seconds before being shot. It fell in the
grass about 50 yards from the river. Washings of the feet were
made immediately. These washings were planted in culture flasks at
3:50 p.m. The feet appeared perfectly clean. Even under the toe
hails, no dirt particles were visible. Examination of the culture

Showed Nannochloris bacillaris, Scenedesmus sSpp., Scenedesmus
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abundans, Ulothrix sp., Mouieotia sp-, Spirogra sp., Cyclotella sp.,

Navicula sp., Gomphonema sp., Gyrosigma sp., and Oscillatoria sp.

Samples were also planted from the upper portion of the gul-
let of each bird. The gullet of the Goldeneye contained two seeds

of Potomogeton sp. which germinated, and a filament of Spirogyra

sp. Also present were Gloeocystis sp., Ankistrodesmus convolutus,

Mougeotia sp., Gyrosigma sp., Navicula sp., Cyclotella sp., and

protozoan: Monas-like flagellates. The gullet of the Gadwall showed

Euglena sp., Navicula sp., Gyrosigma sp., Spirogra sp.,» Lepocinclis

sp., Chromulina sp., Nannochloris sp., and rotifer: Bdelloidea.

St. Joseph River, Michi&r_x

A Mallard drake (Anas platryhynchos) was shot by Dr. M. D.

Pirnie on November 13, 1955, in the St. Joseph River rice beds.
Excess water was shaken from the duck and it was placed in a
clean plastic bag for protection from contamination. The bird was
kept in the Zoology Department cooler until November 16; then the
feet and the bill were washed and the cultures made.

On December 3 the following forms were noted in the culture

media. Feet washings: Scenedesmus spp., S. quadricauda, Nan-

nochloris bacillaris, Ankistrodesmus spp., Chlorella vul_g_aris,

Sﬂedra sp.» Cxclotella sp., and Navicula sp. On December 9
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Kirchneriella sp. was found in small numbers in addition to the

above organisms. Bill washings: Navicula sp., Valkamphia-like

amoebae, and two species of unclassified flagellates. At this time
there were large numbers of protozoa but no green or blue-green

algae.

Port Sanilac, Michigan

On July 13, 1957, a Spotted Sandpiper (Actitis macularia) was

shot while walking in moist sand and debris on the shore of Lake
Huron approximately one and one-half miles south of Port Sanilac,
Michigan. The feet were washed immediately by being placed and
shaken in a vial of boiled well-water for three minutes. A saturated
solution of mercuric chloride was added to the vial in sufficient
quantity to double the original volume of well-water. This solution
remained standing for three minutes to allow organisms to settle out
and then the upper half of the solution was decanted. An equal vol-
ume of 6-3-1 (Transeau's) solution was added to the remaining por-
tion containing the organisms.

A microscopic examination on August 1, 1957, showed the

following organisms to be present: Quadricula closterioides, Pedi-

astrum Boryanum, filaments of Rhizoclonium sp. with Characium sp.

attached, Phormidium sp., Sznedra sp., Fragilaria sp. Tabellaria sp.
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frustule, pieces of a diatom frustule (Amphora sp.), and epidermal
hairs of higher plants.

Another Spotted Sandpiper was shot on dry wood chips 20
yards from the shore of Lake Huron. Upon microscopic examination

only pieces of insect exoskeleton and an Alternaria-like fungal spore

were found in the washings.

An Eastern Belted Kingfisher (Megoceryle alcyon) was shot

out of the air; it fell into moist sand a few feet from the lake.

Fragilaria sp. frustules, Navicula sp., Sznedra sp. frustule, pieces
of insect exoskeleton, epidermal cells of higher plants, a few un-
classified cysts or spores, and debris were found in the washings.

A Purple Martin (Progye subis subis) shot under the same

conditions yielded only debris and a few unclassified spherical cells
(Cyanophyta) Z/u, in size upon microscopic examination.

On July 15 two Ring-billed Gulls (Larus delawarensis) were

shot. One fell in dry grass on a high bank about 30 feet above the
level of the lake. Its feet were washed in a vial of boiled well-
water. A microscopic examination on August 1 revealed one cell

of Gloeocystis gigas, a broken Ostracod valve, pieces of insect an-

tennae, unclassified spherical cysts or spores, 3/u in diameter, and

debris.
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In the culture of the bill washings of the gulls, bacteria, an
unclassified fungal mycelium, and cysts or spores were observed.

About 2 ml. of the liquid contents of the upper part of the
gullet were also cultured. Peranema-like flagellates and a brown
fungal spore were seen.

About 3 ml. of faecal material were obtained from the bird

and cultured. This culture on August 1 showed a Navicula sp.

frustule, pieces of insect, bacteria, and debris.

The second gull fell in dry sand on the shore. Four to six
drops of the settled washings revealed only sand grains, hairs,
bacteria, pieces of insect antennae, and debris.

The gullets were packed with earthworms, indicating that
these birds had not been in the water for some time prior to the
shooting. Gulls are frequently seen feeding in farm fields one-half

mile from the lake shore.






CHAPTER IV

CONTROLLED EXPERIMENT, 1955

Controlled experiments were devised to demonstrate and
evaluate the role of waterfowl in the dispersal of algae. This
method has many advantages over the interpretation of data gathered
from waterfowl shot in the field by hunters. Important factors not
available from the Hunters' Data Sheet were: (1) where the bird
was just prior to being shot, (2) how long the bird had been in the
air before being shot, (3) where the duck fell after being shot, and

(4) what microscopic organisms occur in these environments.

Description of Wintergreen Lake

The controlled experiments were conducted on Wintergreen
Lake at the W. K. Kellogg Bird Sanctuary in section 8, Ross Town-
ship, Kalamazoo County, Michigan (Figure 1).

Fetteroff (1952, pp. 4, 7) stated that Wintergreen Lake has an
area of 39.33 acres, has a mean depth of 7.56 feet, and a volume of

297.16 acre feet, the maximum depth being 21.33 feet. Although
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