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Fig. 1. The St. Lawrence Great Lakes. The dashed line indicates the boundary of the drainage basin.
Depth contours are in feet.




INTRODUCTION

Our knowledge of the biology and limnology of large lakes remains
far behind our understanding of small bodies of water. This is due pri-
marily to the sampling problems inherent in conducting research in large
lakes. The St. Lawrence Great Lakes represent one of the largest
concentrations of fresh water in the world (Fig. 1). Research on the
Great Lakes began in the late 19th century, but little was known con-
cerning their ecology until the last few decades. Even the earliest
workers on the Lakes realized the importance of plankton in the over-
all economy of the lakes. Although over four hundred papers have
been published on the plankton of the St. Lawrence Great Lakes, the
biology and ecology of the plankton remain poorly known. Most papers
are descriptive and concentrate heavily on taxonomy and distribution
of certain organisms. Experimental work on the dynamics of Great
Lakes plankton is urgently needed in light of rapidly changing environ-
mental conditions and fluctuating fish stocks.

This bibliography has been prepared to provide quick reference
to papers published on Great Lakes plankton. In addition to Lakes
Superior, Michigan, Huron, Erie, and Ontario, papers on Lake
St. Clair, Lake Nipigon and Lake Nipissing have been included.
Plankters are all the obligate drifters in the water which move about
mainly under the influence of the currents. Therefore, this biblio-
graphy includes papers on: bacteria, fungi, algae, protozoa, Rotifera,
Cladocera, Copepoda, and Hydracarina found in the water column.

Certain organisms, such as Pontoporeia affinis, Mysis relicta, and

Chaoborus sp., are essentially benthic organisms but undergo vertical
migration into the water column at night. Only papers concerning the

taxonomy, distribution, and presence of these organisms in the
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water column have been included; papers dealing strictly with these
organisms as benthos have been excluded. Papers on plankton in water
quality investigations and plankton as food for fishes have also been
included in the bibliography. Bibliographic style followed in this report
is that recommended by: World List of Scientific Periodicals (3rd
Edition (1968), as listed in Abbreviated Titles of Biological Journals
compiled by P.C. Williams on behalf of The Biological Council, London);
and the American Institute of Biological Sciences, Style Manual for
Biological Journals (2nd Edition, AIBS, Washington, D.C., 117 p.).

I have examined and briefly annotated each of the papers listed.
The main purpose of the annotations is to elaborate on the titles and to
define more clearly the content of the papers. The annotations include
comments on the qualitative or quantitative nature of the study, date
of sampling and the level of taxonomic identification given. The appendix
lists other sources of information on Great Lakes plankton. Brief geo-
graphical and subject indices are included.

Any bibliography of this scope is, unfortunately, never complete.
Although not constituting publication, several mimeographed reports
are listed here, as they are available in some of the libraries of the
larger universities and research institutes in the Great Lakes region.
Omissions, if they exist, are probably confined to early taxonomic works
and to reports by municipal and state organizations. The author would

be grateful if any such omissions would be brought to his attention.



GREAT LAKES PLANKTON INVESTIGATIONS:
A BIBLIOGRAPHY

Adamstone, F. B. 1928. Relict amphipods of the genus Pontoporeia.
Trans. Amer. microsc. Soc., 47: 366-371. [Taxonomic discus-
sion; includes reference to specimens originally described from
the Great Lakes. |

Ahlstrom, E. H. 1934. A quantitative study of Rotatoria in
Terwilliger's Pond, Put-in-Bay, Ohio. Bull. Ohio Biol. Surv.,
6 (1): 1-36. [Quantitative study during summer and fall, 1932,
and spring, 1933, of a small embayment on South Bass Island,
Lake Erie. Rotifers mostly identified to species. ]

Ahlstrom, E. H. 1936. The deep-water plankton of Lake Michigan,
exclusive of the Crustacea. Trans. Amer. microsc. Soc.,
55: 286-299. [Species identification of phytoplankton, Proto-
zoa, and rotifers from No. 20 mesh silk vertical net hauls,
20 June —-23 October, 1930, and 11 May—2 November, 1931. ]

Ahlstrom, E. H, 1937. Studies on variability in the genus
Dinobryon (Mastigophora). Trans. Amer. microsc. Soc., 56:
139-159. [ Several hundred samples from 66 localities inclu-
ding Lakes Superior and Michigan. ]

Allin, A. E. 1929a. Seining records and food of the intermediate
stages of Lake Erie fishes, p. 188-194, In: Preliminary report
on the cooperative survey of Lake Erie, season of 1928. Bull.
Buffalo Soc. Natur. Sci., 14 (3). [Stomach contents of
14 species of young fish collected mainly near Grand Island,
Niagara River. Organisms identified to major groups only. ]

. Allin, A. E. 1929b. Seining records and food of the intermediate
stages of Lake Erie fishes, p. 95-99. In: A biological survey
of the Erie-Niagara system. Suppl. 18th Ann. Rept. (1928),
New York Conserv. Dept., 244 p, [Same as Allin (1929a)
except that methods are not discussed as fully. ]

Anderson, B. G. 1944. The toxicity thresholds of various sub-
stances found in industrial wastes as determined by the use
of Daphnia magna. Sewage Works J., 16: 1156-1165.
[ Laboratory bioassay using Lake Erie water. ]
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10.

11.

12.

13.

14.

15.

Anderson, B. G. 1945. The toxicity of DDT to Daphnia. Science,
102: 539. [Short report of studies using Daphnia magna in
Lake Erie water. ]

Anderson, B. G. 1950. The apparent thresholds of toxicity to
Daphnia magna for chlorides of various metals when added to
Lake Erie water. Trans. Amer. Fish.Soc., 78: 96-113.
(Twenty-five cations used. ]

Anderson, D. V., and D. Clayton. 1959. Plankton in Lake Ontario.
Ontario Dept. Lands & Forests, Phys. Res. Note No. 1, 7 p.
[Stapding crop and composition of larger phytoplankton and zoo-
plankton collected during October, 1958, at three stations along™
the longitudinal axis of the lake. Plankton collected by vertical
hauls]with one-meter net (#10 mesh). Identifications to genus
only.

Andrews, T. F. 1948a. The life history, distribution, growth, and
abundance of Leptodora kindtii (Focke) in western Lake Erie.
Unpublished doctoral dissertation, Ohio State Univ., 94 pp.
(Abstr. Doct. Diss., Ohio St. Univ., 57: 5-11.) [ Two-year
study utilizing field data and laboratory observations. ]

Andrews, T. F. 1948b. The parthenogenetic reproductive cycle
of the cladoceran, Leptodora kindtii. Trans. Amer. microsc.
Soc., 67: 54-60. | Laboratory observations on organisms
collected near Put-in-Bay, Ohio, Lake Erie. ]

Andrews, T. F. 1948c. Temporary changes of certain limnological
conditions in western Lake Erie produced by a windstorm.
Ecology, 29: 501-505. [Horizontal variations in relative
abundance of Cyclops and Diaptomus before and after a wind-
storm were recorded. |

Andrews, T. F. 1953. Seasonal variations in relative abundance
of Cyclops vernalis, Cyclops bicuspidatus and Mesocyclops
leuckarti, in western Lake Erie, from July, 1946, to May,
1948. Ohio J. Sci., 53: 91-100. [Used a 10 liter Juday trap
at two stations near South Bass Island. |

Anonymous. 1871. The fauna of Lake Superior at great depths.
Amer. Natur., 5: 722. [A news article of the dredgings by
Smith (1874). Mentions finding Mysis relicta and Pontoporeia
affinis. |




16.

17.

18.

19.

20.

21.

22,

23.

Anonymous. 1879. The discovery of a new species of marine
Crustacea in the waters of Lake Erie. J. Roy. microsc. Soc.,
2: 152, [ Report of Kellicott finding Mysis relicta in Lake Erie
at Buffalo, New York. ]

Anonymous. 1950. Lake Erie yield affected by plankton supply.
Atlantic Fisherman, 31 (9): 16. [A short article on plankton
investigations at Ohio State University, Stone Laboratory
(Put-in-Bay, Ohio) and University of Western Ontario, Fisheries
Research Laboratory (Erieau, Ontario). ]

Ayers, J.C. and J.C.K. Huang., 1967. Studies of Milwaukee
Harbor and embayment, p. 372-394. In: Ayers, J.C. and
D. C. Chandler. Studies on eutrophication in Lake Michigan.
Univ. Michigan, Great Lakes Res. Div., Spec. Rept. No. 30,
415 p. [Including #5 and #20 oblique net hauls, particulate
organic matter as ashfree dry weight. |

Ayers, J.C., E. F. Stoermer, and P. McWilliam. 1967. Recently
noticed changes in the biology —chemistry of Lake Michigan, p.
95-111. In: Ayers, J.C. and D. C. Chandler. Studies on the
eutrophication of Lake Michigan. Univ. Michigan, Great Lakes
Res. Div., Spec. Rept. No. 30, 415 p. [Observations of dead
Mysis relicta, diatom blooms and turbidity. ]

Bailey, L. W. 1924. Annotated catalogue of the diatoms of Canada
showing their geographical distribution. Contrib. Can. Biol.,
N.S., 2: 31-67. [Includes Georgian Bay, Lake Huron. ]

Bailey, L.W. and A. H. MacKay. 1921. The diatoms of Canada.
Contrib. Can. Biol., 1918-1920: 115-124. [List of diatoms
including Georgian Bay, Lake Huron. |

Balch, R. F., K. M. Mackenthun, W. M. Van Horn, and T. F.
Wisniewski. 1956. Biological studies of the Fox River and
Green Bay from cooperative state-industry surveys of the lower
Fox River and Green Bay made in 1955-1956. Wisconsin Comm.
on Water Poll., Bull. WP102, 74 p. [ Zooplankton Crustacea
collected from lower Fox River and extreme southern Green
Bay. Data presented only as numbers/liter of Cladocera,
Copepoda and nauplii. Also data on coliform bacteria. ]

Baldwin, N. S. 1950. The American smelt, Osmerus mordax
(Mitchell), of South Bay, Manitoulin Island, Lake Huron.
Trans. Amer. Fish. Soc. (1948), 78: 176-180. [Mysis relicta
predominant in stomach analyses of about 300 smelt collected
during summer, 1947. ]




24,

25,

26.

21,

28.

29,

30.

31.

32.

Baylis, J. R. 1951. Fishy odor in water caused by Dinobryon.
Pure Water, 3: 138-149. [Discussion of summer and fall odor
problems in Chicago water supply caused by Dinobryon and
diatoms. |

Baylis, J. R. 1953. Microorganisms shorten filter runs. Pure
Water, 5: 116-128. [Microorganisms, especially diatoms,
clogging filters in Chicago's South District Filtration Plant
during June and July, 1953. ]

Baylis, J. R. 1954. Effect of microorganisms on length of
filter runs —A new method of studying filter clogging rate. Pure
Water, 6: 151-158. [ Ten genera of diatoms (especially
Tabellaria) most troublesome in Lake Michigan at Chicago, Ill. ]

Baylis, J. R. 1955. Effect of microorganisms on lengths of filter
runs. Water Works Engr., 108: 127-128, 158. [Discussion
of microorganisms (especially diatoms) clogging filter beds at
Chicago's South District Filtration Plant. ]

Baylis, J. R. 1957. Microorganisms that have caused trouble in
the Chicago water system. Pure Water, 9: 47-74. [Quantita-
tive data on filter -clogging (mainly by diatoms) and odor pro-
blems (mainly by Dinobryon). ]

Baylis, J. R. 1958. Microorganisms and short filter runs. Pure
Water, 10: 184-196. [ Water intake screen clogging by
Tabellaria. |

Baylis, J. R. 1960. Screen clogging in the Chicago water system.
Pure Water, 12: 170-173. [Discusses water intake screen
clogging by several sources including the planktonic diatom,
Tabellaria. |

Baylis, J. R. and H. M. Gerstein, 1929. Microorganisms in
the lake water at Chicago. Municipal News & Wat. Wks., 76:
291-296. [ Phytoplankton and zooplankton found in Chicago,
Tll., water supply during 1927 and 1928. |

Beeton, A. M. 1957. The vertical migration of Mysis relicta
in Lakes Huron and Michigan. Unpublished doctoral disserta-
tion, Univ. Michigan, 131 p. [Good literature review, other-
wise, see the published account, Beeton (1960). |




33.

34.

35.

36.

317.

38.

39.

40.

41.

Beeton, A, M. 1959. Photoreception in the oppossum shrimp,
Myms relicta Loven. Biol. Bull., 116: 204-216. [Laboratory
studies using Mysis collected from Lakes Michigan and Huron. ]

Beeton, A. M. 1960. The vertical migration of Mysis relicta
in Lakes Huron and Michigan. J. Fish. Res. Bd, Canada, 17:
517-539. [ Used Clarke-Bumpus samplers fitted with No. '27and
No. 10-mesh silk nets, % -meter nets, and % -meter nets. ]

Beeton, A. M, 1965. Eutrophication of the St., Lawrence Great
Lakes. Limnol. Oceanogr., 10: 240-254, [Includes an account
of changes in plankton abundance and species composition.

Beeton, A. M. 1966. Indices of Great Lakes eutrophication. Univ.
Michigan, Great Lakes Res. Div., Pub. No. 15, 8 p. [Includes
an account of changes in plankton abundance and species compo-
sition. ]

Beeton, A. M. In press. Changes in the environment and biota of
the St. Lawrence Great Lakes. Proc. 1st Int. Eutrophication Conf. ,
(Madison, Wis., June 1966), Nat, Res. Council, Nat, Acad. Sci.,
Washington, D. C. ]

Beeton, A. M., J. H. J ohnson and S, H, Smith. 1959. Lake
Superlor llmnologlcal data, 1951 57. U.S. Fish Wildl. Serv.,
Spec. Sci. Rept. --Fish. No. 297, 177 p. [Wet volume, dry
weight, organic and ash content of samples collected mamly
with a Clarke-Bumpus sampler (#10 mesh size). ]

Beeton, A. M. and D. C. Chandler. 1963. The St. Lawrence
Great Lakes, p. 535-558. In: Frey, D.G. (ed.), Limnology
of North America. Univ. Wisconsin Press, Madison, Wis.

[ An historical review of research mcludmg planktology ]

Beneke, E. S. and J. A, Schmitt, 1961. Aquatic fungi from South
Bass and neighboring islands in western Lake Erie. Ohio J.
Sci., 61: 283-285. [ Aquatic and terrestrial collections, see
also Schmitt and Beneke (1962). ]

Bersamin, S. V. 1958, A preliminary study of the nutritional
ecology and food habits of the chubs (Leucichthys spp.) and their
relation to the ecology of Lake Michigan. Pap. Michigan Acad.
Sci., Arts, Lett., 43: 107-118. [Specimens 4 to 12 inches
long, Pontoporela affinis and Mysis relicta principal items in
stomachs. |




42,

43.

44,

45.

46.

47,

48.

Bigelow, N. K. 1922. Representative Cladocera of south-western
Ontario. Univ. Toronto Biol. Ser., No. 20: 111-125. [Species
list of Cladocera including plankton collections from Georgian
Bay (Lake Huron), and Point Pelee (Lake Erie). Also specimens
obtained from stomachs of ciscoes (Leucichthys sp.) from
Georgian Bay, Lake Ontario and Lake Erie. |

Bigelow, N.K. 1923. The plankton of Lake Nipigon and environs.
Univ. Toronto Studies, Biol. Ser., No. 22, Publ. Ontario Fish.
Res. Lab., 13: 41-66. [Qualitative survey of Protozoa, Roti-
fera, phytoplankton, microcrustacea, and Hydracarina during
summer, 1921. Also stomach contents of small common sucker

(Catastomus commersonnii) examined. Identifications to species.
See Bigelow (1924). |

Bigelow, N. K. 1924, Further studies of the plankton of Lake
Nipigon. Univ. Toronto Studies Biol., Publ. Ont. Fish. Res.
Lab., No. 20. [Qualitative survey of Protozoa, Rotifera,
phytoplankton, microcrustacea, and Hydracarina during summer,
1922. Identifications to species. See Bieglow (1923). ]

Bigelow, N. K. 1928. The ecological distribution of microscopic
organisms in Lake Nipigon. Univ. Toronto Stud. Biol., Publ.
Ont. Fish.Res. Lab., No. 35: 59-74. [ A continuation of
Bigelow (1923 and 1924). A species list of phytoplankton and
zooplankton collected during summer, 1923. Also an ecological
discusz]-:ion of distribution of organisms found in the three-year
study.

Birge, E. A. 1882. Notes on Crustacea in Chicago water supply
with remarks on the formation of the carapace. Chicago Med.
J. & Exam., 43 (1881): 584-590. [Species list of Crustacea
from Chicago water supply, Lake Michigan. ]

Birge, E. A. 1893. Notes on Cladocera, III. Trans. Wis. Acad.
Sci., Arts, Lett., 9 (Pt. 2): 275-317. [Collections in Lake
Superior from Washington Harbor (Isle Royale), Bayfield and
Ashland, Wisconsin. ]

Birge, E. A. 1894. A report on a collection of Cladocera,
mostly from Lake St. Clair, Michigan, Appendix II, p. 45-47.
In: Reighard, J.E., A biological examination of Lake St. Clair.
Bull. Michigan Fish. Comm., 4, 60 p. [Qualitative lists of
Cladocera collected in Lake St. Clair, Detroit River, and Lake
Erie during summer, 1893, and the north end of Lake Michigan
in April, 1893. ]



49,

50.

51.

52.

53.

54.

55.

56.

57.

Bodola, A. 1966. Life history of the gizzard shad, Dorosoma
cepedianum (Le Sueur), in western Lake Erie. U.S. Fish Wildl.
Serv., Fish. Bull. 65: 391-425. [Monthly record of major
groups (diatoms, rotifers, copepods, etc.) of materials found
in stomachs. |

Boesel, M. W, 1929. A preliminary report on the food of certain

insect feeding fishes of Lake Erie. Unpublished masters thesis,
Ohio State Univ., 30 p.

Boesel, M. W. 1938. The food of nine species of fish from the
western end of Lake Erie. Trans. Amer. Fish. Soc., 67: 215-
223. [ Zooplankton identified to genus. ]

Boesel, M. W. 1965. Foods of some Lake Erie fishes. Ohio
Dept. Natur. Res., Div. Wildl., Pub. W-326, 15 p. [Stomach
analyses of 22 species of fish collected in 1929 and 1930. Data
presented in tabular form with no discussion. Zooplankton iden-
tified only to major groups. | -

Bostock, A. R. 1967. The ecology of the trout-perch, Percopsis
omiscomaycus, in Lake Superior. Unpublished masters thesis,
Univ. Michigan, 41 p. [Includes stomach analysis of 174
fish collected from southern Lake Superior in 1953 and 1954.
Planktonic Crustacea identified to genus. ]

Bradshaw, A. S. 1964. The crustacean zooplankton picture: Lake
Erie 1939-49-59, Cayuga 1910-51-61. Verh. int. Ver. Limnol.,
15: 700-707. [Changes in species composition and abundance of
zooplankton Crustacea discussed. ]

Breed, R. S., E. G. D. Murray, and N. R. Smith. 1957. Bergey's
manual of determinative bacteriology. 7th Ed., Williams &
Wilkens. Baltimore. 1094 p. [Standard taxonomic reference,
not Great Lakes specifically. ]

Briggs, S. A. 1872. The Diatomaceae of Lake Michigan. The Lens,
1: 41-44. [List of 45 species found in the lake. ]

Burkholder, P. R. 1929a. Microplankton studies of Lake Erie.
Iin: Preliminary report on the cooperative survey of Lake
Erie —season of 1928. Bull. Buffalo Soc. Natur. Sci., 14 (3): 73-
93. [See Burkholder's chapter in Fish (1960) for the final

report. |



10

58.

59.

60.

61.

62.

63.

64.

Burkholder, P. R. 1{929b. Microplankton studies in Lake Erie,
p. 60-66. In: A biological survey of the Erie-Niagara system.
Suppl. 18th Ann. Rept. (1928), New York Conserv. Dept.,

244 p. [See Burkholder (1929a) for a more detailed discussion
of this work. |

Burkholder, P. R. 1930. A biological survey of Lake Erie.
Science, 71: 288-289. [ News report of study later published
by Fish (1960). ]

Burkholder, P. R. 1960. A survey of the microplankton of Lake
Erie, p. 123-144. In: Fish, C, J., et al., Limnological
survey of eastern and central Lake Erie, 1928-29. U.S. Fish,
Wildl. Serv., Spec. Sci. Rept.--Fish. No. 334, 198 p.

Burkholder, P. R., and W. L. Tressler. 1932. Plankton studies
in some northern New York lakes, p. 222-251. In: A biological
survey of the Oswegatchie and Black River systems. New York
Conserv. Dept., Suppl. 21st Ann. Rept. (1931). [Quantitative
net and centrif uged plankton studies during summer, 1931.
Includes samples from four -bays in eastern Lake Ontario.
Identifications of algae, Protozoa, Rotifera, and planktonic
Crustacea to genus only. |

Campbell, D. G. 1950. Diurnal seasonal changes on the distribu-
tion of the limnetic Crustacea of central Lake Erie. Unpublished
masters thesis, Univ. Western Ontario, 103 p. [Studies during
summer, 1949, near Erieau, Ontario. |

Carr, J. F. and J. K. Hiltunen. 1965. Changes in the bottom fauna
of western Lake Erie from 1930 to 1961. Limnol. Oceanogr.,
10: 551-569. [ The phantom midge, Chaoborus, has been rarely
reported from the Great Lakes. This paper, although on bottom
fauna, has been included since Chaoborus was found in limited
numbers in a few of their samples. |

Casper, V. L. 1965. A phytoplankton bloom in western Lake
Erie. Proc. 8th Conf. Great Lakes Res., Univ. Michigan, Great
Lakes Res. Div., Publ. No. 13: 29-35. [Blue-green algae
bloom investigated in early September 1964; it appeared densest
in the island area. |



65.

66.

67.

68.

69.

70.

1.

11

Chandler, D. C. 1940. Limnological studies of western Lake Erie,
I. Plankton and certain physical-chemical data of the Bass Islands
region, from September, 1938, to November, 1939. Ohio J. Sci.,
40: 291-336. [ Year-round weekly quantitative collections using
a 10 liter Juday trap for macroplankton and a 1 liter water bottle
(centrifuged samples) for microplankton. ]

Chandler, D. C, 1942. Limnological studies of western Lake Erie,
III. Phytoplankton and physical-chemical data from November,
1939, to November, 1940. Ohio J. Sci., 42: 24-44,

[ Year-round limnological data based on weekly observations of
phytoplankton and general physical-chemical factors. Methods
essentially the same as reported in Chandler (1940). |

Chandler, D. C. 1944. Limnological studies of western Lake Erie,
IV. Relation of limnological and climatic factors to the phyto-
plankton of 1941. Trans. Amer. microsc. Soc., 63: 203-236.

[ Weekly collections, November, 1940, through December, 1941. ]

Chandler, D. C. 1964. The St. Lawrence Great Lakes. Verh. int.
Ver. Limnol., 15: 59-75. [ General limnological characteristics
including plankton. ] ,

Chandler, D. C. and O, B. Weeks. 1945. Limnological studies of
western Lake Erie, V. Relation of limnological and meteorological
conditions to the production of phytoplankton in 1942, Ecol.
Monogr., 15: 435-457. [Standing crop of phytoplankton at
surface, 5 m, and 9 m depths at intervals of 7 to 12 days through-
out the year. | ’

Clemens, W. A. and N. K. Bigelow. 1922. The food of ciscoes
(Leucichthys) in Lake Erie. Univ. Toronto Stud. Biol. Ser.,
No. 20, Publ. Ontario Fish.Res. Lab., No. 3: 39-53. Also
in: Contrib. Can. Biol., No. 5: 89-101. [Stomach analyses of
211 ciscoes collected along the north shore of Lake Erie during
June, 1919, and from July to November, 1920, from pound and
gill nets. Includes some analyses of fish from Lake Ontario and
Georgian Bay, Lake Huron, for comparative purposes. Some
zooplankton identified to species, others to genus. ]

Clemens, W. A., J. R. Dymond, N. K. Bigelow, F. B. Adamstone,
and W. J. K. Harkness. 1923. The food of Lake Nipigon fishes.
Univ. Toronto Stud. Biol., No. 22., Publ. Ont. Fish.Res. Lab.,
No. 16: 173-188. [ Examination of 455 fish of at least 14
species. Identification of plankters mostly to genus. ]
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72,

73.

4.

75.

76.

11.

78.

79.

80.

Clemens, W, A,, J. R. Dymond, and N. K, Bigelow. 1924, Food
studies of Lake Nipigon fishes. Univ. Toronto Stud. Biol. Ser.,
No. 25, Publ. Ont. Fish., Res. Lab., No. 25: 103-165.

[ Examination of 1,520 fish of at least 26 species. Identification
of plankters mostly to genus. |

Coker, R. E. 1943. Mesocyclops edax (S. A. Forbes), M.
Leuckarti (Claus) and related species in America. J. Elisha
Mitchell Sci. Soc., 59: 181-200. [Taxonomic discussion,
not Great Lakes specifically. |

Cook, G. W. and R. E. Powers. 1964, The benthic fauna of
Lake Michigan as affected by the St. Joseph River. Proc. Tth '
Conf. Great Lakes Res., Univ. Michigan, Great Lakes Res. Div.,
Publ, No. 11: 68-76. [Includes short discussion of phytoplankton
collected in the vicinity of Benton Harbor, Michigan. ]

Coyle, E. E. 1930. The algal food of Pimephales promelas
(fathead minnow). Ohio J. Sci., 30: 23-35. [Species identifi-
cation of algae found by gut analysis. Many of the fish used in
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Crohurst, H.R. and M. V, Veldee. 1927, Report on an investiga-
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to species, stage, and, for the last three stages, sex. Well-
illustrated and includes a key to the six Great Lakes species. |

Daiber, F. C. 1952. The food and feeding relationships of the
freshwater drum, Aplodinotus grunniens, Rafinesque, in western
Lake Erie. OhioJ. Sci., 52: 35-46. | 601 specimens collected
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Lake Michigan collected in the vicinity of Evanston, Illinois.
Butler Univ. Bot. Stud., 4 (6): 65-83. [Weekly surface samples
from end of Evanston, Ill. breakwater from May, 1937, to May,
1938. Some identifications to genus and others to species. ]
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[ Laboratory experiments using three species of cyclopoid
copepods collected in Hatchery Bay, Put-in-Bay , Ohio, western
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Gordon, W. G. 1961. Food of the American smelt in Saginaw Bay,
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Hohn, M. H., 1966. Analysis of plankton ingested by Stizostedium
vitreum vitreum (Mitchell) fry and concurrent vertical plankton
tows from southwestern Lake Erie, May 1961 and May 1962,
Ohio J. Sci., 66: 193-197. [ Phytoplankton and zooplankton
identified to species. ]

Hohn, M. H. In press. Diatoms of western Lake Erie. Ohio Biol.
‘Surv. Bull,

Holland, R. E. 1965. The distribution and abundance of planktonic
diatoms in Lake Superior. Proc. 8th Conf. Great Lakes Res.,
Univ. Michigan, Great Lakes Res. Div., Publ. No. 13: 96-105.

[ Offshore samples taken by pump or bucket, June through Novem-
ber 1964. |

Holland, R. E. 1968. Correlation of Melosira species with trophic
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Pontoporeia affinis and zooplankton Crustacea (especially cope-
pods) predominated in stomachs. Variations in diet noted
seasonally and with depth. ]




227,

228,

229.

230.

231.

232.

233.

234.

235.

31

Nalewajko, C. 1966a. Photosynthesis and excretion in various

planktonic algae. Limnol. Oceanogr., 11: 1-9. [Laboratory
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[Total] phytoplankton counts and identifications to the species
level.

241. Ogawa, R. E. andJ. F. Carr. 1969. The influence of nitrogen
on heterocyst production in blue-green algae. Limnol. Oceanogr.,
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hauls ]m Lake St. Clair and the island region of western Lake
Erie.

Reighard, J. E. 1897. Some characteristics of recent work on
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station at Put-in-Bay, western Lake Erie. |

275. Reinwand, J. F. 1969. Planktonic diatoms of Lake Ontario, p.
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Great Lakes Res. Div., Publ. No. 15: 129-139. [ Geographical
and seasonal distribution of calanoid copepods. Mainly a review
article including references to first records of occurrence for
each species. |

280. Robertson, A. 1968. Abundance, distribution and biology of
plankton in Lake Michigan with the addition of a research ships
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[ Dry weight determinations from 15 stations on 5 cross-lake
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Res. Div., Publ. No. 8, 61 p. [Includes data from Grand
Traverse Bay, Lake Michigan. ]

Scarce, L. 1962, Bacteriological study of strains present in
lactose presumptive tests showing turbidity without gas produc-
tion., Pure Water, 4: 174-176. [Eighteen species representing
5 genera identified from Chicago, Ill., water samples. ]

Scarce, L. 1953. Common plankton in Lake Michigan water —a
technical approach. Pure Water, 5: 66-68. [Discusses
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this work. |

Smith, S. I. 1872. Dredging in Lake Superior under the direction
of the U.S. Lake Survey. Can. Natur. and Quart. J. Sci., N.S.,
6: 361-363. [Mysis and Pontoporeia; see Smith (1874b) for a
more complete discussion of this work. ]

Smith, S. I. 1874a. The Crustacea of the fresh waters of the
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See Tiffany (1934) for planktonic algae of this region. |

350. Tiffany, L. H. and E. H. Ahlstrom. 1931. New and interesting
plankton algae from Lake Erie. OhioJ. Sci., 31: 455-467.
[ New or unusual species from western Lake Erie. ]



46

351.

352.

353.

354.

355.

356.

357.

Trama, F. B., G. W. Saunders, and R. W. Bachmann. 1961.
Investigations in lake metabolism —photosynthesis: chlorophyll
a in Grand Traverse Bay with reference to its use as an index
of primary productivity. 4th Conf. Great Lakes Res., Univ.
Michigan, Great Lakes Res. Div., Publ. No. 7: 163-164,

[ Abstract only. ]

Tressler, W. L. and T. S. Austin. 1940. A limnological study
of some bays and lakes of the Lake Ontario watershed, p. 188-210.
In: New York State Conserv. Dept., Suppl., 29th Ann. Rept.
1939), 261 p. [ Phytoplankton and zooplankton studies during
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synthesis. Limnol. Oceanogr., 2: 333-336. [Data from
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Sault Ste. Marie, Mich. ; and Port Huron, Mich. Percentage
incidence of four most common species of diatoms presented for

each station. |



54

414.

415.

416.

417,

418.

419.

420.

421.

Wilson, C. B. 1929a. The macroplankton of Lake Erie, p. 94-
135, In: Preliminary report on the cooperative survey of Lake
Erie —season of 1928. Bull. Buffalo Soc. Natur. Sci., 14 (3).

[ See Fish (1960) for final report. | T

Wilson, C. B. 1929b. The macroplankton of Lake Erie, p. 67-
76. In: A biological survey of the Erie-Niagara system. II. A
preliminary report on the joint survey of Lake Erie. Suppl., 18th
Ann. Rept. (1928) N. Y. Conserv. Dept., 244 p. [See Wilson
(1929a) for a more detailed discussion of this work. |

Wilson, C. B. 1960. The macroplankton of Lake Erie, p. 145-
172, In: Fish, C. J. Limnological survey of eastern and cen~
tral Lake Erie, 1928-1929. U.S. Fish., Wildl. Serv., Spec. Sci.
Rept., Fish.No. 334, 198 p. [Comprehensive survey of plank-
tonic Crustacea —seasonal distribution and comparison of species
in littoral and limnetic areas. |

Wisconsin State Comm. on Water Pollution. 1939. Investigation
of the pollution of the Fox and East Rivers and of Green Bay in
the vicinity of the city of Green Bay. Wis. State Comm. Wat.
Poll., Madison, Wis, 242 p. [Includes phytoplankton collections
mainly]fromGreen Bay during 1938 and 1939. Identifications to
genus.

Wolcott, R. H. 1894. The Insecta and Acarina of Lake St. Clair.
A Preliminary report, Appendix 4, p. 55-56. In: Reighard,
J. E. A biological examination of Lake St. Clair. Bull. Michigan
Fish. Comm., No. 4, 60 p. [Eighteen genera and 36 species of
Hydracarina from surface to bottom tows. No identifications
mentioned. | :

Wolfert, D. R. 1965. Food of young-of-the-year walleyes in
Lake Erie. U.S. Fish. Wildl. Serv., Fish. Bull.,65 (2): 489-
494. [Zooplankton identified mainly to species, western Lake
Erie, 1962. |

Woltereck, R. 1932. Races, associations, and stratification of
pelagic daphnids, in some lakes of Wisconsin and other regions
of the United States and Canada. Trans. Wis. Acad. Sci., Arts,
Lett., 27: 487-521. [Mentions samples from the Great Lakes,
especially Lake Erie, but very little treatment of these data. ]

Woollett, L. L. 1967. Ecology of yeasts in polluted waters of the
Calumet area. Unpublished masters thesis, Department of
Biology, Illinois Institute of Technology, Chicago, Ill., 84 p.

[ Southern Lake Michigan. ]



422,

423.

424,

425,

426,

4217,

428,

429,

430,

55

Wright, K. J. 1968. Feeding habits of immature lake trout (Salve-
‘linus namaycush) in the Michigan waters of Lake Michigan. Un-
published masters thesis, Michigan State Univ., 42 p. [ Stomach
analyses of 1,581 lake trout. Pontoporeia and Mysis important
food items. |

Wright, S. 1932, Plankton and the fisheries. The Fisherman,
1 (7): 3-4, 11. [Popular discussion of plankton in the aquatic
food chain as it relates to the chub fishery of the Great Lakes, ]

Wright, S. 1955. Limnological survey of western Lake Erie.

' U.S. Fish. Wildl. Serv., Spec. Sci. Rept.--Fish, No. 139, 341 p.
[ Comprehensive survey of 1928-1930, including quantitative
data on horizontal, vertical, and seasonal distribution of phyto-
plankton (by L. H. Tiffany) and zooplankton (by W. M. Tidd). ]
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APPENDIX

SOURCES OF ADDITIONAL INFORMATION ON
GREAT LAKES PLANKTON

I. Great Lakes Bibliography

The Great Lakes Fishery Commission, P. O. Box 640, Ann
 Arbor, Michigan 48107, maintains a 3x5 card file of references pertain-
ing to all phases of research on the St. Lawrence Great Lakes. Copies
of the card file are sent to many libraries and research organizations in
the Great Lakes region. It is an extensive bibliography with an author
index and many key words listed in the subject index. The sections on
plankton are fairly complete and adequately cross-referenced. Use of
the Great Lakes Bibliography is an excellent way df obtaining future
references on plankton investigations in the Great Lakes. The following
is a list of libraries and research organizations which are on the Great
Lakes Fishery Commission Bibliography Accessions and Mailing List.

District of Columbia
Branch of Inland Fisheries
Bureau of Commercial Fisheries
Fish & Wildlife Service
Washington, D. C. 20240

Indiana
Indiana Department of Natural Resources
District II Headquarters
Route #4 :
Columbia City, Indiana 46725

Illinois
Federal Water Pollution Control Administration
Great Lakes Region
Great Lakes —Illinois River Basins Project
1819 West Pershing Road
Chicago, Illinois 60609
56
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Illinois Natural History Survey Division
Natural Resources Building
Urbana, Illinois 61801

Michigan

Institute for Fisheries Research
Museums Annex

University of Michigan

Ann Arbor, Michigan 48104

Great Lakes Basin Commission
2200 North Campus Boulevard
Ann Arbor, Michigan 48105

Van Oosten Library

Bureau of Commercial Fisheries
Research Laboratory

P. O. Box 640

Ann Arbor, Michigan 48107

U. S. Lake Survey
630 Federal Building
Detroit, Michigan 48226

Minnesota

Minnesota Department of Conservation
Section of Research and Planning

390 Centennial Building

St. Paul, Minnesota 55101

University of Minnesota
School of Public Health
Minneapolis, Minnesota 55455

New York

Ohio

New York Conservation Departme nt
Fisheries Research Station

P. O. Box 292

Cape Vincent, New York 13618

Department of Biology
Case-Western Reserve University
Cleveland, Ohio 44106



Botany and Zoology Branch Library
Ohio State University
Columbus, Ohio 43210

Ohio Division of Wildlife
P. O. Box 650
Sandusky, Ohio 44870

Pennsylvania
Pennsylvania Fish Commission
State Office Building
Harrisburg, Pa. 17120

Wisconsin
Technical Library
Southern Area Headquarters
Wisconsin Conservation Department
Route 2
Madison, Wisconsin 53713

Library

University of Wisconsin-Milwaukee
Milwaukee, Wisconsin 53201

Canada

Freshwater Institute
501 University Crescent
Winnipeg, 19, Manitoba

Canada Centre for Inland Waters
867 Lakeshore Road

P. O. Box 5050

Burlington, Ontario

Department of Zoology
University of Guelph
Guelph, Ontario

Fisheries Section

Research Branch

Ontario Department of Lands & Forests
Maple, Ontario
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Ontario Department of Lands & Forests
8 Albert Street East
Sault Ste. Marie, Ontario

Library

Great Lakes Institute

Ramsay Wright Zoological Laboratories
University of Toronto

Toronto 5, Ontario

Italy

Fisheries Biology Branch

Food and Agricultural Organization of the
United Nations

Vialle delle Terme di Caracalle

Rome, Italy

II. Great Lakes Research Checklist

The Great Lakes Commission, 2200 North Campus Blvd., Ann
Arbor, Michigan 48105, periodically distributes a checklist of papers
published on all phases of Great Lakes research. In addition, the
Commission distributes the Great Lakes Newsletter, which also con-
tains information on publications concerning Great Lakes research.
The checklist and newsletter are very useful in obtaining current publi-
cation information especially of state and municipal publications which

are often difficult to find.

ITII. Other bibliographies

Hile, R. 1966. U.S. federal research on fisheries and limnology in
the Great Lakes through 1964: An annotated bibliography. U.S.
Fish Wildl. Serv., Spec. Sci. Rept.--Fish. No. 528, 53 p.
[ Includes references on plankton investigations. All pertinent
papers have been incorporated into this bibliography. ]

Van Oosten, J. 1957. Great Lakes fauna, flora and their environment —
a bibliography. Great Lakes Comm., Ann Arbor, Mich., 86 p.
[ A comprehensive bibliography on all aspects of Great Lakes
biology and limnology through the mid-1950's. References on
plankton have been incorporated into this bibliography. ]
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SUBJECT INDEX

Taxonomy: Taxonomic keys useful in the Great Lakes region and early
taxonomic papers on Great Lakes biota. The numbers below refer to
bibliographic entries.

1, 55, 73, 81, 111, 112, 115, 124, 130, 131, 136,176, 177, 180, 181,
186 206 209 210 211 247 251 261 295 296 304 307 322 338
339, 340 341, 349 350, 385 393 396, 404 427

Review: Comprehensive review papers on some aspect of Great Lakes
plankton investigations.

102, 103, 105, 112, 201, 246.

Survey: General limnological surveys of the Great Lakes including
plankton investigations.

38, 39, 43, 44, 45, 59, 60, 68, 128, 129, 232, 233, 242, 272, 273, 274,
275, 310, 312, 364, 399, 401, 424, 425, 428,

Phytoplankton: Includes papers on primary productivity and chlorophyll
determinations.

3, 4, 10, 17, 18, 19, 20, 21, 24, 25, 26, 27, 28, 29, 30, 31, 35, 36, 37,
38, 39, 43, 44, 45, 56, 57, 58, 60, 61, 64, 65, 66, 67, 68, 69, 74, 79,
80, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 99, 100, 101, 102,
103, 105, 110, 111, 115, 126, 127, 128, 129, 138, 139, 142, 143, 146,
147, 158, 159, 160, 161, 163, 164, 165, 166, 173, 182, 185, 190, 193,
195, 196, 199, 201, 202, 203, 215, 216, 221, 222, 223, 2217, 228, 229,
230, 231, 232, 233, 240, 241, 242, 243, 244, 245, 246, 252, 253, 257,
259, 261, 267, 268, 269, 271, 272, 275, 277, 286, 287, 288, 297, 305,
307, 308, 309, 311, 320, 321, 324, 326, 327, 328, 329, 333, 334, 335,
338, 339, 340, 341, 342, 345, 346, 348, 349, 350, 351, 352, 353, 354,
355, 360, 361, 362, 366, 367, 369, 370, 371, 372, 373, 374, 375, 376,
377, 378, 379, 380, 381, 382, 383, 384, 386, 387, 389, 390, 391, 395,
397, 403, 410, 411, 413, 417, 423, 424, 425, 426,
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Zooplankton: Includes papers on particulate organic matter.

1,2, 3,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 22, 31, 32,
33, 34, 35, 36, 37, 39, 42, 43, 44, 45, 46, 47, 48, 54, 60, 61, 62, 63,
65. 68, 73, 78, 81, 89, 90, 91, 93, 95, 96, 98, 99, 102, 103, 104, 106,
110, 112, 114, 115, 118, 121, 123, 124, 128, 129, 130, 131, 136, 156,
157, 168, 169, 170, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,

185, 186 187, 188, 189, 194, 195, 196, 197, 201, 203, 206, 207, 208,
209, 210, 211, 212, 213, 218, 219, 220, 221, 223, 232, 233, 234, 242,
243, 244, 245, 247, 248, 250, 251, 255, 256, 258, 259, 260, 266, 267,
269, 270, 271, 272, 276, 278, 279, 280, 281, 282, 283, 285, 295, 296,
297, 301, 302, 306, 311, 313, 314, 315, 316, 317, 319, 323, 324, 325,
335, 347, 352, 353, 358, 361, 385, 387, 388, 389, 392, 393, 394, 396,
398, 399, 402, 404, 405, 406, 408, 410, 412, 414, 415, 416, 418, 420,
423, 424, 425, 427.

Water Quality: Includes papers on bacteria, fungi, and plankton in rela-
tion to water pollution and water purification investigations.

7,8, 9, 22, 24, 25, 40, 55, 77, 88, 89, 90, 94, 109, 116, 117, 128,
159, 139, 142, 143, 145, 151, 152, 153, 154, 155, 157, 167, 171, 173,
183, 184, 214, 217, 224, 232, 235, 236, 237, 238, 245, 254, 255, 256,
284, 289, 290, 291, 292, 293, 204, 298, 304, 322, 331, 332, 336, 337,
346, 362, 363, 368, 369, 370, 403, 421, 429, 430,

Plankton as food for fishes

95, 6, 23 41, 42, 49, 50, 51, 52, 53, 70, 71, 72, 75, 76, 82, 83, 97,
107 108 113 119 120 122 125 132 133, 134 135 137 140 141
144, 148, 149, 150, 162, 168, 191, 192, 198, 200, 201, 204, 205 221,
225, 226, 232, 239, 249, 262, 263, 264, 265, 299 300, 303 318, 330,
343, 344, 352, 356, 357, 359 365 400 407 409, 419, 422, 423



GEOGRAPHICAL INDEX

Lakes and Bays

Great Lakes, General

1, 35, 36, 37, 39, 55, 68, 73, 81, 102, 111, 115, 124, 130, 180, 200,
203, 206, 209, 211, 217, 247, 250, 251, 261, 269, 276, 279, 282, 296,
301, 302, 304, 307, 312, 322, 361, 364, 385, 400, 404, 410, 411, 412,
413, 420, 423, 427,

Lake Erie

2,5,6,17, 8,9, 11, 12, 13, 14, 16, 17, 40, 42, 48, 49, 50, 51, 52,
54, 57, 58, 59, 60, 62, 63, 64, 65, 66, 67, 69, 70, 75, 78, 79, 80, 82,
83, 85, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 103, 104, 105, 106,

116, 117, 118, 121, 122, 123, 125, 128, 129, 142, 143, 153, 156, 158,

159, 160, 161, 162, 163, 169, 171, 174, 178, 179, 180, 181, 182, 185,
186, 187, 188, 189, 191, 192, 196, 201, 205, 220, 221, 222, 232, 241,

242, 244, 245, 246, 253, 254, 255, 256, 257, 262, 266, 272, 274, 277,

278, 286, 287, 298, 300, 303, 308, 309, 310, 320, 321, 323, 324, 331,
332, 333, 334, 336, 337, 338, 339, 340, 341, 347, 348, 349, 350, 355,
356, 357, 363, 369, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380,

381, 382, 383, 384, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395,
397, 409, 411, 412, 413, 414, 415, 416, 419, 420, 424, 425, 426, 429,
430.

Lake Huron

23, 32, 33, 34, 116, 126, 127, 171, 222, 285, 331, 411, 412, 413.

Georgian Bay (Lake Huron)

20, 21, 42, 170, 193, 202, 343.

Saginaw Bay (Lake Huron)

140, 141, 344,
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Lake Michigan

3, 4, 18, 19, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 41, 46, 48,
56, 74, 76, 77, 84, 86, 87, 88, 89, 90, 91, 110, 112, 131, 132, 133,
134, 135, 138, 139, 146, 147, 151, 152, 153, 157, 165, 166, 167, 168,
177, 183, 184, 190, 194, 195, 204, 207, 208, 213, 218, 219, 224, 225,
226, 235, 236, 237, 238, 239, 248, 249, 257, 258, 259, 260, 270, 273,
278, 280, 281, 283, 284, 287, 288, 289, 290, 291, 292, 293, 294, 295,
305, 308, 316, 318, 325, 326, 327, 328, 329, 331, 335, 345, 346, 351,
358, 360, 362, 365, 366, 367, 368, 370, 396, 398, 399, 401, 402, 403,
405, 406, 407, 411, 412, 413, 421, 422, 428.

Green Bay (Lake Michigan) |

22, 138, 226, 284, 299, 365, 417.

Lake Nipigon

43, 44, 45, 71, 72, 150, 212, 265.

Lake Nipissing

137, 197, 198, 343.

Lake Ontario

10, 61, 105, 109, 116, 144, 145, 150, 154, 161, 170, 171, 173, 199,
210, 212, 214, 215, 216, 222, 227, 228, 229, 230, 231, 233, 234, 240,
263, 264, 265, 275, 297, 330, 352, 353, 354, 355, 408, 411, 413,

Lake St. Clair

48, 171, 172, 176, 207, 248, 252, 271, 272, 273, 306, 401, 418, 428,

Lake Superior

4, 15, 38, 47, 53, 107, 108, 112, 113, 114, 116, 119, 120, 136, 148, 150,
155, 164, 171, 208, 243, 248, 267, 268, 295, 311, 313, 314, 315, 316,
317, 318, 319, 335, 342, 359, 411, 412, 413,



Rivers

Detroit River

48, 222, 270, 363, 369, 412, 426,

Lower St. Lawrence River

222, 223.
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REQUEST FOR LITERATURE EXCHANGE

This report is being sent to you in the hope that literature exchange
between you or your organization and this Center will be initiated and
maintained. Reports or reprints which you may wish to designate for
the Center Library, or inquiries concerning publications and exchanges,
should be addressed to:

Center for Great Lakes Studies
Reference Library

University of Wisconsin-Milwaukee
Milwaukee, Wisconsin 53201

Publications designated for individuals within the Center should be
addressed to those persons by name.

SPECIAL REPORT SERIES

Special Reports are issued from time to time, usually to provide accounts
of work in progress, or completed, which are too detailed for acceptance by
professional journals. This method of publication is, for example, conven-
ient when it is desired to record and deposit collections of data in identifiable
and recoverable form, or to fulfill the terms of contracts, or to make the
details of a particular technique available to other potential users. This
mode of reporting does not preclude later publication — usually abbreviated
and selected—in professional journals; indeed, authors are urged to regard
such publication as a necessary final step in the completion of a piece of
literature. The following Special Reports have been issued to date:

Mortimer, C. H, 1968. Internal waves and associated currents observed
in Lake Michigan during the summer of 1963. Spec. Rept. No. 1;
24 p., 120 figs.

Schenker, E. 1968. Effects of containerization on Great Lakes ports.
Spec. Rept. No. 2; 45 p., 18 tables, 3 appendices.

Abstracts, Eleventh Conference on Great Lakes Research, April 1968.
Spec. Rept. No. 3; 83 p., 91 abstracts.

Fee, E. J. 1968. Digital computer programs for the Defant method of
seiche analysis. Spec. Rept. No. 4; 27 p., 4 appendices, 3 figs.

Schenker, E, 1968. Future general cargo traffic and terminal require-
ments at the Port of Milwaukee. Spec. Rept. No. 5, 13 p.

Fee, E. J. 1969. Digital computer programs for spectral analysis of
time series. Spec. Rept. No. 6, 16 p., 3 appendices, 1 fig.



Gannon, J. E. 1969. Great Lakes plankton investigations: a bibliogra-
phy. Spec. Rept. No. 7, 65 p. 2 appendices, 1 fig.

Gannon, J.E. and A. M. Beeton. 1969. Studies on the effects of dredged
materials from selected Great Lakes harbors on plankton and benthos.
Spec. Rept. No. 8, 80 p., 36 figs.









