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ABSTRACT 

An in-depth comparison of phytoplankton and zooplankton from Lakes Erie, 
Huron and Michigan is presented based on extensive lake-wide surveys during 
spring, summer and autumn of 1983. This comparison was achieved by the 
application of standard and consistent identification, enumeration and 
data-processing techniques of plankton along north-south transects in Lakes 
Huron and Michigan and east-west transects in Lake Erie. 

For Lakes Erie, Huron and Michigan respectively, 436, 411 and 452 algal 
taxa and 71, 61 and 73 zooplankton taxa were identified. Based on indicator 
species and species associations, the plankton assemblage was consistent 
with a mesotrophic-eutrophic designation for Lake Erie, oligotrophic 
designation for Lake Huron, and mesotrophic-oligotrophic designation for 
Lake Michigan .. 

Species lists for each lake are provided. Original source data for each 
station visit are provided in the attached microfiche. 



DISCLAIMER 

This report has been reviewed by the Great Lakes National 
Program Office, u.s. Environmental Protection Agency, and 
approved for publication. Approval does not signify that the 
contents necessarily reflect the views and policies of the 
u.s. Environmental Protection Agency, nor does mention of 
trade names or commercial products constitute endorsement or 
recommendation for use. 
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FORWARD 

The Great Lakes National Program Office (GLNPO) of the United 
States Environmental Protection Agency was established in 
Region v, Chicago, to focus attentiop on the significant and 
complex natural resource represented by the Great Lakes. 

GLNPO implements a multi-media environmental management 
program drawing on a wide range of expertise represented by 
universities, private firms, State, Federal and canadian 
Governmental Agencies and the International Joint Commission. 
The goal of the GLNPO program is to develop programs, 
practices and technology necessary for a better understanding 
of the Great Lakes ecosystem and to eliminate or reduce to 
the maximum extent practicable the discharge of pollutants 
into the Great Lakes system. The Office also coordinates 
u .. s .. actions in fulfillment of the Great Lakes Water Quality 
Agreement of 1978 between Canada and the United States of 
America. 

This report presents results of the phytoplankton and 
zooplankton portions of the water quality surveillance 
program conducted on Lakes Michigan, Huron and Erie in 1983 
by GLNPOe Results of the physical and chemical portions of 
the surveillance program may be found in a companion report: 

Lesht, M. and David c. Rockwell. 1985. The State 
of the Great Lakes: Results of the 1983 Water 
Quality Sur�ey of Lakes Erie, Huron and Michigan. 

Number ANL/ER-85-2. Argonne National 
Laboratory, Argonne, Illinois 60439. 

acknowledges the contribution to this study 
Corporation, with whom GLNPO contracted for 

in the collection of samples and for the 
identification and enumeration of the phytoplankton and 

In we extend appreciation to Norman 
Mark As Lamb, Lou L. Lipsey, Heather K. 
TUchman and Thomas Morse. 
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INTRODUCTION 

The Laurent ian Great Lakes ecosystem occup ies  a unique pos it ion 

in the development of  the United States and Canada and c ould be 

cons idered as p resent ing one of  the most complex water management 

problems in North America. I ndividually . the Great Lakes rank among 

the world ' s  largest with Lakes Huron. Michigan and Erie .  the subj ect 

of this report , ranking fifth.  s ixth and twel fth in s iz e  of the 

world ' s  lakes .. During the past decades , there has b een an enormous 

p opulation and indus t r ial growth within their watersheds resul t ing in 

the accelerated eutrop hicat ion of these water b od ie s .  

A s  a result of the decl ining water quality o f  the Great Lakes .  

Water Quality Agreements were s igned in 1972 and 197 8 between the 

United States and Canada. One of the main p rovis ions was to limit the 

phosphorus in sewage treat ment plant effluents .  In addition, many 

states and the Canadian have pas s ed l egislat ion on the water 

of  these  l akes . Thes e  include bans on phosphorus-based 

in New and and reduct ion in phosphate in 

in the P rovince of  Ontario .  

This p roj ect here was init iated the United S t ates 

Environment al P rotec t ion Agency . Great Lakes Nat ional P rogram Office 

to phytoplankton and z ooplankt on samp les from Lakes 

Huron and Michigan taken in 1983.. Bec ause phy t oplankton are 

to water condit ions and possess  short c arbon 

turnover rates� the determination of phytop lankton abundance and 

compos it ion have bec ome est ab l ished as methods to t race 

long-term changes in the l akes  ( Stoermer 197 8. Munawar and Munawar 

1982} .. S imilarly g  z ooplankton have value as ind icators of  water 



quality and structure of the b iot ic community and have proved useful 

for complement ing phytoplankton to ass es s  the apparent effects of 

water quality conditions (Gannon and Sternberger 1 9 7 8) and of fish 

p opulations ( e . g . Brooks  and Dodson 1 9 65 )  on biota .  

An in-depth planktonic (phyto- and zooplankton) comparison is 

presented based on extensive lake-wide surveys during spring , summer 

and autumn of 1 983 . This comparison was achieved by the application 

of  standard and consistent identification, enumeration and 

dat a-p rocess ing techniques of plankton along north-south transects in 

Lakes Huron and Michigan and eas t-west transects in Lake Erie . 

The primary obj ectives of this report include : 

( 1 )  To organize plankton dat a  for use in eutrophicat ion models ;  

(2) To characterize the compos ition and abundance of  the 

phytoplankton and zooplankton for comparison with past  conditions to 

the extent that they are known; 

(3 ) To provide firm documentation with which future assessment 

of the changes in water quality of the lakes can be made ; and 

(4) To characterize the water quality by studying the abundance 

and autecology of phytoplankton and zoop l ankton . 
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METHODS AND MATERIALS 

Phytoplankton and z oopl ankton samp l es were collected by GLNPO 

personnel from Lakes Erie. Huron and Michigan during seven cruises 

during the spring . summer and autumn of 1 983 . Collection dates and 

station locat ions of  routine p lankton sampling are given in Tables  1 ,  

2 and 3 and in Figures 1 ,  2 and 3 .  Locations o f  sampling s ites  on 

Lake Michigan were not consistent for the year ( Table 3 ) . Every other 

sampl ing date alternate eas t-wes t stations were sampled (e . g .  5 or 6 ,  

1 0  or 1 1 ; Fig . 3 ) . This selection of s ites  was b ased on p revious 

studies which indicated that adj acent  eas t-wes t s ites  were within 

homogeneous areas of  the l ake (Moll et al . 1 9 85 ) . For analyt ical 

purp oses , eas t-west stat ions were combined , assuming that no 

s ignificant difference in species abundance and composition existed 

between east-west s tat ions ,  t o  give a s ingle  north-s outh trans ect . On 

the last cruise  of the year on Lake Huron,  s amples were taken at a 

different  set of s tations ( Fig. 2 )  and were not included in this 

analy s is . All s it e.s are als o  part of  the Great Lakes International 

Surveill ance P rogram . 

An 8-liter PVC Niskin b ottle mounted on a General Oceanics 

Rcssette  sampler with a guideline electrobathythermograph (EB T) was 

used to collect phytoplankton. One-liter composite phytoplankton 

samples were obtained by compositing equal aliquot s  from s amp les 

collected at depths of  1 and 2m above the bottom and at as  many 

5 -meter interval s  ( 5 , 10 , 15 , 20 m, etc . ) as allowed by total water d epth . 

Phytoplankton samp les were immediately p reserved with 1 0  mL of  

Lugols solution . 5-6% formaldehyde was  added to each samp l e  upon 

arrival in the laboratory . The settling chamber procedure (Uterm�hl 
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1 95 8) was used to identify ( excep t  for diatoms ) and enumerate 

phytoplankton at a magnification of  S OOx .  A second identification and 

enumerat ion of diatoms at 1 25 0x was performed after the organic 

p ortion was oxidized with 30% H2 o2 and HN03 • The cleaned 

diatom concentrate was air dried on a # 1  cover slip and mounted on a 

s l ide ( 75x25 mm) with HYRAX
™ 

mounting medium. 

Identifications and counts  were done by Dr. Norman A .  Andresen, Mr . 

Mark A .  Lamb , Dr . Louis L .  Lipsey ,  Ms . Heather K .  Trulli ,  and Dr . Marc 

Tuchman of the Bionetics Corporation . 

The cell volume of each species was computed by applying average 

dimensions from each s amp l ing s t at ion and date to the geometrical 

shapes that most  closely resembled the species form such as sphere , 

c yl inder ,  prolate spheroid, etc . At leas t 1 0  specimens of each 

sp ecies were measured for the cell volume calculation . When fewer 

than 10 specimens were present , those p resent were measured as they 

occurred . For most organisms , the measurements were taken from the 

out s ide wall to outs ide wall . With loricated forms , the p rotop las t 

was measured ,  while the individual cells of filaments and colonial 

forms were measured .  For comparative purposes , b iovolume ( �m3/L) 

was converted to  biomass (mg/m3 ) assuming the specific gravity of 

phytoplankton to b e  1 . 0 ( mm
3

/ mL=g / m
3

) (Willen 1 95 9 ,  Nauwerck 

1 963 ) . 

Zooplankton 

A Wildco Model 30-E28 conical s tyle net ( 62-�m mesh net ; D:L 

ratio = 1 : 3 )  with 0 . 5-m op ening ( radius=0 . 25m) was used to  collect , 

where p os s ible,  two vertical z oopl ankton samples at each station. 

Vertical tows were taken f rom 2m above the bottom to the surface ( long 
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tow) and from 20m or from the top of  the metalimnion to  the surface 

( short tow) . The short tow was analagous to  an epilimnetic tow .  In  

some cruises , a third tow (medium tow) from the bottom of  the 

metalimnion to the surface was taken but was not analyzed in this 

report . Filtrat ion volume and towing efficiency were determined with 

a Kahl flow meter (Model OOSWA200 ) mounted in the center of the net . 

Filtrat ion efficiency averaged 84 . 5% ( range = 33-225 ) , 83 . 0% ( range = 

34-277 ) and 80 . 6% ( range = 28-15 2 ) , resp ectively , for Lakes Erie , 

Huron and Michigan for the entire sampling season . Following 

collection, the net contents  were quantitatively trans ferred to  

one-liter s ample  bot tles , narcotized with club s oda and p reserved with 

5 %  formalin . Identi fication and enumeration of zooplankton follow 

Gannon ( 197 1 )  and S ternberger ( 19 7 9 )  and were done by Mr . Tom Morse of 

the Bionetics Corporat ion . 

Raw counts were converted to number/mL by Bionetics , Inc . With 

zooplankton,  abundances were originally determined b as ed on  a sample  

volume calculated from the dep th of tow .  All abundance values and 

sample volumes were recalculated using the volume of water actually 

filtered . 

Abundances and dimens ions (phytoplankton only) of each s pecies 

were entered into a Prime 750 computer us ing the INFO (Henco Software , 

Inc . , 100  Fifth Avenue,  Waltham, Mas s . )  data management system .  

Biovolumes 

summaries 

biovolume 

addition» 

were calculated only for 

s ampling s tation 

and relat ive 

phytop l ankton and placed into 

containing dens ity ( cell s /mL) , 

abundance of species . I n  

each division was summarized by station . Summary 

informat ion is stored  on magnetic tape  and i s  available for further 

analysis . 

5 



RESULTS 

PHYTOPLANKTON 

Annual Abundance of Maj or Algal Groups 

Species lists (Tables A1 -A3 ) and summary tables of abundance 

( Tables A7 -A9 ) and biovolume (Tables A4-A6 ) are in Volume 2 - Data 

Rep ort . 

LAKE ERIE 

The phytoplankton ass emblage was composed of 436 alga taxa 

representing 1 05 genera from eight divisions : Bacillariophyta,  

Chloromonadophyta, Chlorophyta ,  Chrysophyta, Cryptophyta,  Cyanophyta,  

Euglenophyt a and Pyrrhophyta (Table 4). The Bacil lariophyt a pos sessed 

the largest number of  taxa ( 2 25 )  and biovolume (59 . 9% of the total ) , 

while  the second largest number  ( 1 13 )  and b iovolume ( 1 4 . 9% )  were 

observed for the Chlorophyta ( Tables 4 and 5 ) . Highest  overall 

densit ies were attained by the blue-green algae ( 89 . 6% ) �  The average 

density and biovolume for the sampling period were 40 , 055 cells/mL 

( range 
3 

= 27 , 1 20 to 49 . 15 1 )  and 1 . 3 6  mm /L ( range = 0 . 63 to  1 . 80 ) , 

resp ect ively , for all s tations . 

L AKE HURON 

The phytoplankton ass emblage was comp osed of 41 1 alga taxa 

representing 90 genera f rom eight divisions . The Bacillariophyta 

posses s ed the larges t number of  taxa ( 21 1 )  and b iovolume ( 68 . 2% of the 

total ) , whil e  the second largest number  of t axa (75 ) was observed for 

the Chlorophyta ( Table  4) . The Cryptophyta attained the second 

highest biovolume ( 8 . 29% )  (Table 5 ) . Highest overall dens ities were 
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attained by the b lue-green algae ( 89 . 5% of  total ) . The average 

density and b iovolume for the samp l ing period were 19 , 147 cel l s/mL 

( range = 3 1 1 , 700  to 30 , 0 85 ) and 0 . 3 8  mm /L ( range = 0 . 14 to 0 . 75 ) , 

resp ectively , for all stations . 

LAKE MICHIGAN 

The phytoplankton ass emb lage was comp rised of  452 taxa 

representing 106 genera from eight divisions . The Bacillariophyta 

posses s ed the larges t number of taxa ( 22 1 ) and biovolume (56 . 41% of 

the tot al ) , while the s econd largest number of t axa ( 88 )  were obs erved 

for the Chlorophyta (Table  4 ) . The Cryptophyta accounted for the 

second highes t  biovolume ( 1 3 a43% ) (Tabl e  5 ) . Highes t overall 

dens ities were attained by the b lue-green algae ( 92 . 2% of total ) . The 

annual average densi ty and b iovolume were 2 9 , 839 cells/mL ( range = 

14 , 944 to 40 , 830 ) and 0 . 42 mm3/L ( range = 0 . 17 to  0 . 5 8 ) , 

resp ect ively , for all s tations . 

Seasonal Abundance and Distribut ion of Maj or Algal Groups 

LAKE ERIE 

Seasonally , abundance ( cells/mL ) increased from April to May 

( Fig . 4a) . In late June-early July , the density was still  high 

( 49 , 15 1  cells/mL) but was followed by a general decrease t ill the end 

of October when abundance increased to 43 , 96 6  cells/mL . A different 

pattern emerged from the seasonal biovolume totals (Fig . 4b) . S imilar 

to abundance ,  biovolume increased f rom April to early May . Unlike 

abundance ,  b iovolume decreased to l ate June-early July and then 

generally increased  to the end of October .  The biovolume decrease to  

late June-early July was due to  a decline in the diatoms from 1 , 10 9  to  

if ----------------·-------------- ---
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25 1 cells/mL. Abundance ( cells/mL )  was maintained by increases in the 

smaller chrysophytes , cyanophytes and the cryptophytes . 

Account ing for 70  to 85% of the phytop lankton community b iovolume 

( F ig . 5 ) , the Bacillariophyta were dominant . By late June the diatoms 

decreased and remained depressed to l ate August when they began to 

increase in importance with the p lankton community again . During the 

summer p eriod, the diatoms were succeeded by the Chrysophyta and 

Pyrrhophyta in lat e  June and the Chlorophyta in early August .  The 

Cyanophyta p eaked in late August but were not maj o 'r contributors to  

the  biomas s of the phytop lankton community . 

LAKE HURON 

Seasonally , abundance 

mid-August). Abundance 

relat ively high in early 

August ,  reached a second 

was b imodal with two peaks (May-July and 

increased  from April to May , was still  

July ( 24 , 7 1 6  cells/mL ) , was lower in  early 

p eak in mid-Augus t  (30 , 085 cells/mL) and 

declined t ill late October . The second peak was caused by a b loom of 

small Cyanophyta .  A similar s easonal pattern for b iovolume was 

app arent (Fig . 4b) with the excep tion of the second peak which was 

abs ent due to the small b iovolume contribution of the abundant 

b lue-green algae . 

The Bacillariophyta were dominant throughout the year but had a 

for > 75% ( range = 7 5-84%) of the b imodal distribution account ing 

plankton 

of  the 

b iovolume in April , May and late  June-early July p eak and 59% 

phytop lankton b iovolume in late October (Fig . 6 ) . With the 

decrease in the diatoms in early August , which was a month later than 

in Lake Erie , a seasonal succes sion was evident with the Chrys ophyta 

p eaking in early July, the Cryptophyta in early August , the Cyanophyta 
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and Pyrrhophyta in late August followed by a second peak o f  the 

Crypt ophyta in mid-October . The Chlorophyta increased in importance 

(�19% of the total biovolume) by early Augus t  and maintained this 

level to the end of the study in October .  

LAKE MICHIGAN 

Seasonally , abundance ( c ells/mL ) increased from April to early 

July ( 3 6 , 868 cells/mL ) , decreased to  1 4, 944 cells/mL in early Augus t 

and increased to 48 , 305 cells/mL in late October (Fig . 4a) . A 

completely different biovolume pattern f rom the abundance pat tern was 

evident . The seasonal abundance pattern in Lake Michigan was 

dissimilar to the biovolume pattern in late July and October due to 

the large increase in Cyanophyta which did not contribute heavily to 

the b iomass o f  the phytoplankton because of  their small s ize . The 

seasonal biovolume p attern in Lake Michigan was s imilar to that of 

Lake fluron ' s  ( Fig . 4b ) . 

The Bacillariophyta were dominant account ing for as much as  73% 

of the phytoplankton b iovolume during the spring and autumn bloom 

(Fig. 7 ) . With the decrease in the diatoms in early and mid August ,  

which was a month later than i n  Lake Erie , a s eas onal succession was 

evident with the Chrysophyta peaking in early July , the Chlorophyta 

and in early August ,  the Pyrrhophyta and a s econd peak of 

the Chrysophyta in l ate Augus t ,  the Cyanophyta in mid-October ,  and a 

second peak of the crypt ophytes in late October . 

Geographical Abundance and Distribution of Maj or Algal Groups 

LAKE ERIE 

The mean phytop l ankton abundance for the sampl ing period was 
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considerably greater at the three western stations ( 60 , 000-7 0 , 000 

cells/mL) than in the rest of  the lake ( Fig . 8 ) . This higher 

abundance was caused mostly by the greater abundance of the Cyanophyta 

in the western end of the lake . However ,  the Bacillariophyta ,  

Chlorophyta,  Chrysophyta and Cryptophyta all possessed a general 

pattern of  decreasing abundance from wes t to eas t .  The green algae 

did have a curious increase in abundance at Stations 3 7  and 7 3  which 

was not dupl icated in any of the other algal group s .  This increas e at 

Stat ions 37 and 73 was due to a bloom of green algae �n the 6 -8 August  

and 22-23 Augus t  cruises . Dens ity ( cells/mL) on these dates ranged 

from 1 ,  546 to 3 ,  992 cell s/mL as compared to an ave1:·age of 625 cells/m.L 

for the other cruises . 

S easonally , the pattern of decreas ing abundance from west to east 

occurred on each cruis e excep t  on the 27 June-1 July and 21 -24 October 

cruises when the trend was reversed (Fig . 9) with abundance increasing 

t oward the eastern end of the lake . An increase in t !.1e Cyanophyt a and 

to a smaller degree in the Cryptophyta at the eastern end of the lake 

accounted for this pattern . 

LAKE HURON 

The mean phytoplankton abundance for th� �ampling 
. 

period 

decreased from north to  s outh to  Station 15  (Fig . 1 0 ) . Abundance 

increased at Station 15 and then decreased slightly southward . Much 

of this geographical distributional p attern was determined by the 

abundance pattern of the Cyanophyta . However , the Chlorophyta and 

Bacillariophyta had similar ,  although not as dis t inct , abundance 

p atterns as did the Cyanophyta from north to south . No distributional 

pattern was apparen t  for the Crypt ophyta while a general decrease in 

10 

------------------........ ___ 



Chrysophyta abundance from north to  south was evident with the 

except ion of  Stat ion 37. Chrys ophyte abundance was drastically lower 

at Stat ion 3 7 . 

The 

divisions 

patterns 

seasonal 

(Fig . 1 1 )  

( Fig . 10 ) • 

geographical abundance patterns of the algal 

differed signi fic antly f rom the total abundance 

Abundance was s imilar from the north to the south 

but increased sl ightly 

cruise . I n  the 6-8 

cells/mL at northern 

from St at ion 15  southward on the 21-24 Ap ril 

May cruise, dens ities ranged from 10 , 000- 1 5, 000 

stat ions (Stat ions 61  t o  27 ) and increased t o  

-50 , 000 cells/mL a t  the southern stat ions in the 6 -8 May cruise. I n  

early August , the distribut ional pattern had reversed with the higher 

abundances occurring at the northern stations ( Stat ions 61  and 54) . 

Higher abundances als o occurred at the northern s t at ions during the 

cruise of 1 9-21 August .  

The seasonal geographical abundance patterns were determined by 

the abundance pat tern of the Cyanophyta and to a les ser  degree by the 

diatoms , chrysophytes and unidentified flagellates in the April and 

May cruises . The ! higher densities at the northern stations in early 

August were p redominantly c aused by the Cyanophyta and to a lesser  

degree by  the greens and unidentified flagellates . The sharply higher 

abundances at Stat ions 6 1 , 45 , 3 7  and 1 2  on the 19-21  Augus t  cruis e  

were  due to  higher abundances o f  the diatoms , green algae , blue green 

algae and the unidentified flagellates . 

LAKE MICHIGAN 

The mean phytoplankt on abundance for the sampling period 

generally decreased f rom north to  s outh with two small p eaks at  

Station 41 and at  Stat ion 6 at the most  southern sampling point (Fig . 
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1 2 ) . This abundance pattern could be  attributed mostly to Cyanophyta 

and to  a lesser degree to  the Bacillariophyta . The Chlorophyta,  

Chrysophyta and Cryptophyta had two abundance peaks on  the north-s outh 

transect: Station 64 and Stations 41 and 3 4 .  

Seasonally , the 

north-s outh pattern 

various cruises generally followed the same 

(Fig .  13 ) as the mean annual phytoplankton 

distribution . Abundances were high in the south at Station 6 and at 

the northern stations ( Stations 7 7 ,  64 ,  57 ) in Ap ril , May , early and 

late Augus t and late October .  Only on the 1 2-15 October cruise did a 

maximum at Station 6 not occur . On this cruise ,  two peaks  did occur: 

at Stat ion 77 , the northern most sampling point , and at Stat ion 41 . 

Maximum densit ies were obs erved for Bacillariophyt a,  Chlorophyt a,  

Cyanophyta,  Chrysophyta and the unident ifed flagellates at  Station 77  

for this  cruise .  

c. 
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Regional and Seas onal Trends in the Abundance of Common Taxa 

LAKE ERIE 

Common species (Table 6 )  were arbitrarily defined as thos e  

possessing a relative abundance of  >0 . 1% o f  t otal cells or > 0 . 5% o f  

the total biovolume . 

Cyanophyt a 

Anacystis  marina Dr . & Daily 

�· marina is widely distributed as plankton in fresh. b rackish 

and s ometimes marine waterss  It is rarely rep orted , p robably becaus e 

it is eas ily overlooked (Humm and Wicks 1 9 80 ) . Cells range in siz e  

from 0 . 5-2 . 0  pm in diameter . Becaus e a number  of varying shap ed cel l s  

were included a s  Ap marina during identification , it i s  likely that 

more than one sp ecies are being group ed togethe r  (Andresen 1985 ) . 

This was the dominant phytop lankter within the study area 

repres enting 83% of  the total algal abundance ( cell s/mL) but only 

-0 . 7% of the to�al algal biovolume . An average density o f  3 3 , 1 67 

cells/mL was observed for the study period with a maximum density o f  

141 , 20 8 cells/mL observed o n  9 May 1 9 85 a t  S tation 55 . Abundance was 

generally higher at the western end of the lake with maximum densities 

in and June 1 6 a) . Makarewicz ( 1 9 85 )  reported this species 

from the mouth of Niagara River and the Oswego River in Lake Ontario . 

There are no other reports of  this species in Lake Erie . 

Anacystis montana f .  minor Dr.  & Daily 

Humm and Wicks ( 1980 ) noted that A . montana was planktonic and 

posses s ed a worldwide distribut ion in .freshwater and in brackish wate r  
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habitat s. In Lake Ontario at the mouth of the O swego River, this 

sp ecie s was obs erved to have a bimodal dis t ribution with a p eak in 

late July and Octob er ( Makarewicz 1985) . Seas onally in Lake E rie, 

only one abundance p eak was ob s erved in mid-Oct obe r ( Fig. 14a ) . 

Averag e density was 219 cel l s/mL with a maximum o f  5,072 ce l l s /mL on 

19 Oct ob e r  1983 at Station 55 ( Tab l e  6 ) . 

Coccochl oris peniocystis Kutz. 

According to Humm and Wicks (1980), mos t report s of  this specie s 

are from freshwater, but occasionally it is repo rted f rom marine 

habitats. It has a worldwide distribution. In Lake Erie in 1983, 

this sp ecie s was the third most abundan t specie s ( Tab l e  6 ) reaching a 

maximum d ensity o f  7,175 cells/mL on 27 July 1983 at Station 15. 

Seas onal ly, dis t ribution app eared bimodal with lat e June and Septembe r  

p eaks ( Fig. 14b ) . Stoermer (1978) and Munawar and Munawar (1976 ) did 

not includ e  either A. marina or C peniocys tis in t heir lists o f  

abundant, common or "les s common" sp ecie s f or Lake Erie. 

Aphanizomenon f l o s-aquae (Lyngb. ) Br eb. 

Ogawa and Carr (1969 ) and Sto ermer (1978 ) rep o r t ed �·· fl o s-aquae 

t o  b e  abundant or occasional ly abundant in Lake Erie. In 1970, 

Munawar and Munawar (1976) obs erved A. flo s-aquae t o  b e  a "mo s t  

common" sp ecie s accounting f o r  14% (9-20% ) and 8.5% o f  the mean 

b ioma s s  vo lume in the wes t ern and central basins, resp ectively. 

During Augus t 1975 in the w e s t ern basin, Gladish and Munawar (1980 ) 
rep orted t his sp ecies as cont ributing 12.8% o f  the total biomass. 

Seas onally, A. f l o s-aquae did not app ear throughout the lake 

till lat e August and steadily increas e d  in abundance to a mean o f  437 
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cell s /mL in late Octob e r  ( F ig. 14c) . A maximum abundance o f  2, 5 61 

cel l s/mL was obs e rved on 2 1  Octobe r  at Station 5 7  ( Tab l e  6 ) . The 

b iomas s on this date and station was e stimate d  to b e  0 .23 g/m
3

, 

which was cons ide rab ly l ower than the ma� imum o f  app roximately 1 . 6  

3 
g/m reporte d by Munav1ar and Munawar ( 1 97 6 )  in 1 197 0 f o r  the 

western bas in . The p ercent o f  the total b i ovo l ume o f  this sp ecie s f o r  

thi s  s tudy was only 0 .5 % . 

C o e l o sphae rium naegelianum Unger 

Acc ounting f o r  0 .59% o f  the total abundance ( Tab l e  6) , this 

sp eci e s  r eached a maximum dens ity o f  5, 890 cel l s /mL on 22 August at 

Station 7 9  (mean abundance = 23 6 cel l s /mL ) . S eas onal ly, two abundance 

p eaks were ob s erved in Augus t  and Octob e r  ( F ig. 14b ) . Geographically, 

distribution was re stricte d to the western and central bas ins . 

Mer ismop e d ia tenu i s s ima L emm . 

Accounting f o r  0 .83% o f  the t o tal cel l s  p re s ent in thi s  study and 

l es s  than 0 .01% o f  the tota l  biovo lume, the averag e  dens ity was 333 

cell s/mL with a maximum dens ity o f  15, 5 44 cel l s /mL on 6 August at 

Station 60. A mid-summe r  abundance p eak at the w estern end o f  the 

lake was evid ent ( Fig. 17a) . 

O scil latoria l imnetica L emm. 

According to Hub e r-Pe stalozz i (1938) , this s p ecie s i s  o ften 

abundant in p ol luted water s .  It is abundant in Lake Ontario, and its 

p eak abundance i s  in June and July ( Stoermer et a l. 197 4 ) a lthough 

app reciab l e  p opulations remain into the autump ( Munawar and Nauwe rck 

19 7 1) . Stoermer (1978) rep o rte d it as a common e l ement o f  the Lake 
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Erie plankton although Munawar and Munawar ( 197 6 )  did not list it as a 

common species ( >5% of the total biomas � or less  common species . This 

difference may be related to Munawar ' s  use of biomas s as an indicat or 

of abundance .  For example,  in this study 0. l imnetica represented 

only 0 . 24% of the total biovolume but 1 . 15%  of the total cells ( Table 

6 ) . Seasonally , peak abund an c e  was r e ached in late August  (maximum 

1 1 , 266 = cells/mL ; Stat ion 60) at the wes tern end of the lake ( Fig . 

1 6 c ) . 

Os cillatoria subbrevis Schmid . 

Although this species had a relatively high abundance ( 1 . 0 1% of 

the total cells ; 1 . 1 6% o f the  total b iovolume ) , it was not c ommonly 

found thr oughout the l ake ( F i g . 1 7 b ) . The high relative abundance was 

due to a s ingle bloom ( 27 , 399  cel l s /mL ) on one occas s ion ( 2 1  October ) 

at Stat ion 57 . Average dens ity was 404 cells/mL . 

Oscillat oria tenuis  C . A. Ag. 

This species experienced an isolated bloom of 5 , 0 8 1  cells/mL on 

22 Augus t  at Station 55 . In general , it s geographical dis tribut ion 

was rest ricted to the wes tern end of the lake ( Fig . 1 6b ) . Av erage 

density was 80 cell s/mL (Table 6 ) . 

Chlorophyta 

Coelastrum microporum Nag . 

Stoermer et al � ( 1 97 4) reported this species as being widely 

distributed in the Great Lakes but only reaching appreciable abundance 

in eutrophic lakes . Taft and Taft ( 197 1 )  reported it from western 

Lake Erie . Stoermer ( 1 97 8 )  rep orted it as occasionally abundan t . 
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In no obvious geographical pattern was observed . 

Seasonally . it was not obs erved until early Augus t but st eadily 

increased in abundance to the las t  sampling date in October (Fig . 

14e) . Maximum dens ity was 2 . 29 1 cells/mL on 2 1  October at Stat ion 18 . 

With an average dens ity of 135  cells/mL .  this was the dominant green 

alga on a cells/mL basis  (Table  6 ) . 

Cosmarium sp . 

Munawar and Munawar ( 1 9 7 6 )  rep orted Cosmarium sp . as a common 

species of the eastern basin r epresent ing 13 . 0% and 1 0 . 5% of the tot al 

biovolume in the eastern basin· in late August and September ,  A 

maximum of -. 0 . 4  3 g/m was observed in this bloom .  Gladish and 

Munawar ( 1 980 ) reported a relative b iomas s of  5 . 6% and 6 . 3% in the 5 

August and 2 Septemb er 1 9 7 5  sampling in the wes t ern bas in .  

Although an average o f  on1 y 3 cel ls/mL were observed for the 

study period . Cosmarium sp . d i d  account for 6 . 1 2% of the total 

biovolume ( Table  6 )  for the ent ire l ake . Cons idering biomas s ,  this 

was the dominant 
�
chlorophyte . Mean maximum dens ity was in early 

Augus t  ( Fig . 1 4d ) '. Maximum biomas s ( 7 1 . 4% of the total b iomas s )  for a 

single station was 1 . 0  g/m3 ( Stat ion 1 5 . 6 Augus t ) . Mean biomas s 

for all cruis es for 3 all s t ations ranged from 0 . 03  t o  0 . 23 g/m • 

which was sl ightly lower than Munawar and Munawar ' s  ( 197 6 )  mean 

b iomass  values for 1970 . Although Munawar and Munawar ( 1976 )  observed 

Cosmarium sp . as a common species only in the east ern bas in, this 

species was common in 1 983 throughout all three b as ins . 

Monoraphidium contortum ( Thuret)  Kom .. -Legn . 

With an average abundance of 82 cells/mL and a maximum dens ity of  
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7 44 cell s/mL ( Stat ion 7 8 , 9 May ) , this species accounted for 0 . 2% of 

the total cells  ( Table 6 ) . Seasonally , abundance was greatest in May 

for the lake (Fig . 1 4e) . 

Mougeotia sp . 

Stoermer ( 19 7 8 )  reported this species as being occasionally 

abundant , while Munawar and Munawar ( 197 6)  did not l ist it as a common 

or les s common species in 1 9 7 0 . In early July and late August  ( Fig . 

1 4f)  of 1 983 , two peaks in abundance were observed . Mean dens ity was 

only 14 cells /mL but because of the larger s ize of the cell , a mean 

biomas s of 1 2  3 mg/m (0 . 88% of the total b iomas s )  ( Table 6) was 

observed with a maximum biomas s o f  200 3 mg/m on 22  August at 

St at ion 3 7 . 

Pediastrum simplex v .  duodenarium (Bai l . )  Rabh . 

Two abundance peak s ,  mid-August  and mid-October , were observ ed in 

1 983 (Fig . 1 4f)  which corresponded well with Munawar and Munawkr • s  

( 197 6 )  rep ort of maximum mean percent of tot al biomass of 7 . 0% and 

8 . 0% between 25-30 August 1970  and between 2 1-26 October 1970 , 

resp ectively , for the eastern basin .  I n  the present s tudy , mean 

percent of  the total b iomass was 0 . 53 ( Table 6 )  with a maximum of 

1 1 . 0% and 6 . 9% at Stat ion 1 8  (August ,  eastern bas in) and at Stat ion 7 9  

( October , central bas in) . B iomass values ranged as high as 3 1 2  

mg/m 3 
in the central bas in ( Stat ion 7 9 ,  October)  with a mean of 7 

3 
the lake . biomass  3 mg/m for A maximum of -400 mg/m was 

observed in October 1 970  in the central basin (Munawar and Munawar 

1 9 7 6 ) .  
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Oocystis borgei Snow 

S easonally . a p eak abundance in late August ( Fig . 1 4d)  was 

observed . Average density and biomas s were 1 6  cells/mL and 9 � 465 

3 
pm /L ( 9  3 mg/m ) • 

3 Maximum biomass  was 87 mg/m at Station 

3 7  on 6 Augus t .  Thi s  sp ecies contributed 0 . 88% of the tot al biomass 

in 1983 . Stoermer ( 19 7 8) l is ted this species as  a common element of 

the plankton.  while Munawar and Munawar ( 1 97 6 )  did not rep ort it as a 

common ( >5% of the total  biomass ) or les s common species . 

Scenedesmus ecornis (Ral f s )  Chod . 

This species has a seasonal and geographical d i stribut ion 

predominately confined to  the central basin ( Fig . 1 7 c ) . A maximum 

populat ion density o f  
3 2 , 193  cell s/mL (300  mg/m ) was observed at 

Station 37  on 6 Augus t .  Average dens ity and biomas s for the ent ire 

lake were 1 1 2  
3 cells/m.L and 20 mg/m , respectively . This species 

contributed the second largest amount ( 1 . 46% ) to the tot al biomas s of 

the Chlorophyta ( Table 6 ) . 

Staurastrum paradoxum Meyen 

Mean seasonal biomass  peaked 
3 in late August  ( 85 mg/m ) and 

late 3 
October ( 47 mg/m ) .  Mean biomass  for the study period was 1 2  

3 mg/m for the ent ire lake . S .. paradoxum contributed 1 . 03% of  

the tot al biomas s ( Table  6 )  and 2 . 6% o f  the biomass i n  the east ern 

b as in on 2 1  October . S toermer ( 1978 )  listed this species as a common 

element of the Lake Erie plankton . In 1 97 0  this species accounted for 

8 . 5% of the total biomass  in the eastern basin between 2 1-26 Octob er 

(Munawar and Munawar 1 9 76 ) . 
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Chrysop hyta 

Hap tophyte sp . 

Average dens ity was 159  cells/mL with a maximum of 7 85 cells/mL 

at Station 42 on 27 July . Seasonally , they are present from mid-May 

to late  August with mean peak abundance in late June (Fig . 1 5 a) . This 

group contributed 0 . 40% of  the total abundance .  

Cryptophyta 

Cryptomonas erosa Ehr . 

c .  erosa is widely dist ributed in the Grc�at Lakes ( Stoermer et 

al . 1 97 4) , usually in low numbers . According to Huber-Pes t aloz z i  

( 1968 ) , it is a eurytop ic organism , occurring both in oligot rophic 

lakes and often,  in abundance ,  in eut rophic and sl ightly saline 

hab itats .  Stoermer et al . ( 197 4 )  listed it as a common element of the 

Lake Erie plankton .  Munawar and Munawar ( 197 6 )  observed this sp ecies 

to be  abundant throughout the year in the western and central basins 

reaching a biomas s as high as �2 3 g/m in May of 1 970  in the � 

west ern basin . In the western bas in, it contributed a maximum of 22% 

of  the b iomass on the 3-7 July cruise . In the central bas in ,  C . 

erosa did contribute 34% of the b iomas s ,  but this was analagous to a 

b iomass value of - 600 mg/m3 . On 1 July 1975 , Gladish and Munawar 

( 1980 ) rep orted this species to  contribute  6 4 . 7% of  the tot al 

b iovolume . 

In  the p resent study , geographical abundance was greatest  in the 

western basin and lowest in the eastern basin (Fig . 1 8a) . Seasonally , 

peak density varied geographically . Peak b iomass (x = 600 mg/m3 ) 

occurred in the western basin ( Stations 60 , 57 , 55 )  on 6 August .  In the 

central b as in ( Stat ions 42 , 73 , 37 , 7 8 , 7 9 ) , mean maximum biomas s was 67 
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3 mg/m during the May-June period with popul at ions near z ero by 

August . Average dens ity and abundance were 3 1  cells/mL and 6 6  

3 mg/m , resp ectively . For the lake, this species contributed 4 . 85% 

of the total biomas s .  In the wes tern basin, this sp ecies accounted 

for 28 . 2% of the biomas s on the 6 August  cruis e .  

Chroomonas norstedtii Hansg .  

Mean maximum seasonal abundance ( 1 1 9 cells/mL )  was in early 

August  (Fig . 15b) . Average dens ity was 3 1  cel ls/mL with a maximum o f  

5 15 cells/mL a t  Stat ion 5 7  on 6 August ( Table 6 ) . 

Rhodomonas minuta v.  nannoplanktica Skuj a 

Stoermer ( 197 8 )  listed this species as a common element of the 

Lake Erie plankt on . From June to late October of  1 97 0 , this species 

was present in the eastern basin contributing as much as 3 7 . 5% of the 

total b iomas s (�1 . 6  mg/m3 ) f or a cruise . Seas onally , peak b iomass  

was observed in early June in the eas tern bas in . Although p resent in 

the western and ce�tral basin,  its contribution historically was never 

greater than 23% of the biomass for a cruise with biomas s not 

exceeding 0 . 4  mg/m3 (Munawar and Munawar 197 6 ) . 

In 1 9 83 mean biomas s for the ent ire lake was 33  mg/m3 with a 

maximum biomass  ( 143 mg/m3 ) at Station 7 9  on 9 May . Mean density 

was 5 65 cel l s /mL .  A maximum in May was obs erved ,  but abundance was 

high through the summer (Fig . 15b) . The high biomas s  in the eastern 

basin reported by Munawar and Munawar ( 1 97 6 )  was not observed in this 

study . In fact .  b iomass i s  higher in the central basin than in the 

eas tern basin . This sp ecies contr ibuted 2 . 41 %  of the total biomas s 

(Table  6 ) . 

2 1  



Pyrrhophyta 

Ceratium hirundinella (O . F .  Mull . )  Schrank 

In 1 970  this species was abundant (maximum biomas s -2 mg/m3 ) 

in all three bas ins with biomas s reaching a peak in August with a 

secondary p eak in Octob er in the eastern basin (Munawar and Munawar 

1 97 6 ) . In  1975  this sp ecies accounted for 5 . 8% of the biomas s on 1 2  

Augus t  in the western basin (Gladish a d  Munawar 1980 ) . I n  1983 c .  

hirundinella reached a p eak in early August  ( Fig . 15 £ ) . Mean biomas s 

and mean abundance were 92 mg/m3 
and 1 . 4  cell s/mL ,  respectively . 

Maximum biomas s (0 . 73 g/m3 ; 30 . 5% b iomass  for the day)  occurred at 

Stat ion 37 on 6 August .  For the entire lake ,  this sp ecies accounted 

for 4 . 89% of the total biomass  (Table  6 ) . 

Peridinium aciculiferum Lemm . 

Munawar and Munawar ( 1976 )  observed this species to be  a common 

species ( 1 7% of biomas s ,  central b as in ;  27% of  biomas s ,  eastern basin) 

with a maximum b iomass of �o . 2  3 g/m (central bas in) and .... 1 

3 g/m ( eastern basin) in early May . Similarly in 1983 , a peak in 

May was observed in the central basin (x = 64 mg/m
3

) and in the 

eastern basin (x = 53 mg/m
3

) .  In May the percent contributing to 

the biomass in the centril and eastern bas in was 3 . 8% and 14% ,  

respectively . For the entire lake,  this species accounted for 0 . 7 6% 

of  the total biomas s .  

Bacillar iophyta 

Act inocyclus normanii f .  subsal s a  (Juhl . -Dannf . )  Rust . 

With an average density of 5 . 8  cells/mL and a maximum density of 
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88 cell s/mL at Stat ion 55 on 6 August ,  this species contributed 2 . 65% 

of the total b iomas s (Table  6 ) . Two abundance p eaks were obs erved in 

early August and in mid-Octob er ( Fig . 1 5 e ) . 

Fragilaria capucina Desm . 

High populat ion densities of !· capucina are usually ass ociated 

with eutrophic or dis turbed condit ions in the Great Lakes ( Stoermer 

and Ladewski 1 976 ) . Hohn ( 1969 )  reported that it underwent a 

significant increase in abundance in wes tern Lake Erie during the 

40 ' s , 50 ' s  and 60 ' s .  Verduin ( 1964)  ment ioned � .  capucina as 

dominant in 1 960-61 , whereas Munawar and Munawar ( 1976 )  observed it to 

be common but not dominant in 1970  in the eas tern and central bas ins . 

A maximum biomass of -2 . 4  g/m3 (October )  in the central basin and 

- o .  4 3 g/m 

reported . 

(October and Novemb er) in the eastern bas in was 

In the present study , higher abundances were ass ociated with 

colder temperatures ( Fig . 1 5 d ) . Stoermer and Ladewski ( 1 976 )  noted 

that occurrences of :F .  capucina were at nearly all temperatures ,  but 

high absolut e and relat ive abundance was as s ociated with higher 

temperatures in Lake Michigan . 

Geographically , the western bas in had the highes t  biomas s 

3 
( 12 3 mg/m ) .  followed by the eastern bas in mg/m ) and the 

central basin ( 6  
3 

mg/m ) .  The maximum biomass observed was 0 . 13 

3 g/m on 27 June at S tat ion 60 .. Average density was 50 cells/mL 

(Table  6 ) . 

crotonens is Kitten 

( 21 

This species can tolerate a wide range of ecological conditions 

&L 
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( Stoermer and Tuchman 197 9 ) . Munawar and Munawar ( 19 7 6 )  observed this 

sp ecies to  be abundant with decreas ing maximum biomas s from the 

west ern ( 7 . 9  3 g/m ) 3 to the central (�3 . 4  g/m ) to  the eastern 

(�1 . 0 g/m3 ) basin . 

Average biomass in 1983 was 47 mg/m3 with a maximum of 0 . 27 

3 g/m at Stat ion 60 on 25 Ap ril . Abundances were greater in the 

west ern end of the lake , and blooms t ended to occur in April/May and 

in October (Fig . 1 8b ) . 

Melosira granulata (Ehr . ) Ral fs 

This sp ecies is usually cons idered a memb er of the clas sic 

. eutrophic diatom as sociat ion (Hutchinson 1967 ) . In 1 970 distribut ion 

of M. granulata was restricted to the western bas in (Fig . 1 9 )  with a 

, bloom in early August . Maximum b iomas s was 0 . 3  g/m3 at Stat ion 57  

on 6 August . 

Rhiz osolenia sp . 

Munawar and Munawar ( 1976 )  noted this organism as a less common 

species of the western bas in pres ent in s amples from late September to 

December . In this study , a May bloom was observed (Fi� . 15d ) . A 

3 
maximum biomas s of 3 . 8  g/m was observed at Stat ion 5 7  on 9 May . 

�J 

Stephanodiscus alpinus Hust . 

Hohn ( 1969 )  reported S .  alp inus as being an important component 

of the spring pulse  in the wes tern basin but being fairly abundant 

throughout the year . Munawar and Munawar ( 1 97 6 )  did not observe this 

sp ecies in their 1 970 collect ions . 

In 1983 mean abundance and b iomass  were 9 . 5 cells/mL and 15  
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3 
mg/m , respectively . Seasonal distribution was bimodal with a 

peak in early May and October with no obvious g eographical pat tern .  

This species contributed 1 . 0 8% o f  the total biomas s .  

Stephanodiscus binderanus (Kutz . )  Krieg 

This species appears to  be  most abundant in  eutrophic 

environments during the cold s eason ( Stoermer and Ladewski 1 97 6 ) . 

Hohn ( 1969 )  reported it as having a maj or increase in abundance in the 

50 ' s  and 60 ' s .  In 1 97 0  Munawar and Munawar ( 1976 )  observed M. 

binderana ( = S • binderanus ) to  be a common species ( >5% of the total 

biomass )  in the wes tern and central basins in the April cruis e .  A 

maximum b iomass of �o . s  g/m3 was observed in the western b as in .  

In 1983 the mean maximum abundance of S e  binderanus peaked in 

May and in October (Fig . 1 5 c ) . Geographical ly ,  abundance decreased 

from west ( 1 0 1  cel l s /mL ; Stat ion 60 ) to  eas t (3 . 4  cell s /mL ; Stat ion 

9 ) . Mean biomass in the western basin was 26 mg/m3 with a maximum 

of 0 . 23 g/m3 at S tation 60 on 9 May . 

Stephanodiscus niagarae Ehr . 

In the Great Lakes , this species is abundant in naturally 

eutrophic areas ( Stoermer and Yang 1 970 ) . Munawar and Munawar ( 19 7 6 )  

observed i t  i n  the autumn pulse  to have a maximum biomass  o f  ._,·0 . 6 , 2 . 3 

and 1 . 4  3 
g/m in the western, central and eastern bas ins , 

respectively . This one species accounted for 5 4-7 4% of the total 

biomas s  in the autumn in the central bas in and 6 4-80% of  the biomass 

in November and December  in the eastern basin . 

In  the p resent study, mean biomass  for all dates for the wes tern,  

central and east ern basins was 3 3 6 1  mg/m • 0 . 9  g/m and 0 . 29 
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3 g/m • respectively . A maximum b iomass  of  3 . 1  
3 

g/m was 

recorded at Station 42 on 19 October . Mean b iomass for :the central 

b as in on 21 October was 1 . 8  g/m3 which accounted for 7 6% of the 

total b iomass .  A minor p eak in abundance occurred in May with a maj or 

bloom in Octob er (Fig . 1 5 c ) . For the lake.  this species contributed 

37% of the b iomass making it the dominant species on a biomas s b asis  

(Table  6 ) . 

Tabellaria flocculosa (Roth) Kutz . 

Tabellaria fenestrata was a dominant species prior to  1950  but 

not in 1 960 -6 1  (Verduin 1 964) . Similarly . Munawar and Munawar ( 197 6 )  

· ob served T. fenestrata not to  be  important in the 1970 collections . 

Neither worker mentioned T .  flocculosa . Differing taxonomic 

concepts  of the Tab ellaria fenestrata T .  flocculosa comp lex do 

occur in the literature ( e . g . Koppen 1 9 7 5 ) . Perhap s invest igators 

have b een reporting the same entity and s imply using differing 

sys t ematics . 

In the present study. although !• fenestrata was observed . !· 
flocculosa  was more important contributing 3 . 8% of the  total biomas s .  

Mean b iomass was 5 1  

eas tern (65  
3 

mg/m ) 

3 3 mg/m with the western ( 103 mg/m ) and 

bas ins b eing greater than the central ( 1 1  

Seasonally. a bloom occurred in late April and Me; 

( Fig . 1 8c ) . 
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LAKE HURON 

Abundant species ( Table  7 )  were arbitrarily defined as those 

posses s ing a relative abundance of >0 . 1% of the total cells  or >0 . 5% 

of the total biovolume . 

Cyanophyta 

Anacystis marina D r . & Daily 

A. marina is widely distributed as plankton in fresh, brackish 

and s ometimes marine waters . It  is rarely rep orted, p robably b ecaus e 

it is  eas ily overlooked (Humm and Wicks  1980 ) . Cell s  range in size 

from 0 . 5-2 . 0  pm in diameter . B ecause a number of  varying shaped cells  

were included as  A .  marina during identification ,  it is likely that 

more than one species is being grouped together (Andres en 1985 ) . 

This was the dominant phytoplankter within the study area 

representing 81%  of  the total algal abundance ( cell s/mL )  but only 1 . 9% 

of the total algal biovolume ( 8 . 5  mg/m3 ) .  An average density o f  

1 8 , 0 1 1  cell s/mL was obs erved for the s tudy period with a maximum 

density of 55 , 5 1 8  3 cells/mL ( 0 . 23 mg/m ) observed on 1 9  August  at 

Stat ion 6 1  ( Table  7 ) . Abundance was generally higher a t  the northern 

end of the l ake with maximum densities in May and August (Fig . 2 0 a) . 

Makarewicz ( 1 985 ) rep orted this sp ecies from the mouth of Niagara 

River and the Oswego River in Lake Ontario and from Lake Erie ( This 

Report ) . There are no other rep orts of this species in Lake Huron . 

Anacystis  montana f .  minor Dr . & Daily 

Humm and Wick s  ( 1 980 ) noted that A .  montana was planktonic and 

posses s ed a worldwide distribution in freshwater  and in brackish water 
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habitats � In Lake Ontario at the mouth of  the Oswego River ,  this 

species was observed to  have a bimodal distribution with a peak in 

late  July and October (Makarewicz 1 9 85 ) . Seasonally in Lake Erie, 

only one abundance p eak was observed in mid-October (This Study) . 

Munawar and Munawar ( 1982 ) and Stoermer and Kreis ( 19 80 )  did not 

report this species . In Lake Huron in 1 9 83 , a bimodal pattern was 

observed,  except the spring peak was in May (Fig . 20e) . Average 

density was 3 80 cells/mL with a maximum of 2 , 55 6  cells/mL on 1 6  

October 1 983 a t  Station 1 2  ( Table 7 ) . 

Anacystis  thermalis  (Menegh . )  Dr . & Daily 

Stoermer and Ladewski ( 19 7 6 )  reported this species as being a 

�ommon element of phytoplankton ass emblages in mesotrophic to 

eutrophic lakes . Munawar and Munawar ( 1982 )  did not list A .  

thermalis as  a common species in their 1 97 1  samples . However ,  this 

species is  often reported as various species of Chroococcus ( Stoermer 

and Ladewski 1 9 7 6 ) . Munawar and Munawar ( 1982 )  observed three species 

of Chroococcus that were common ( >5%  of  the biomas s ) . Stoermer ( 197 8 )  

lis ted this species as present only in  minor quantities in  Lake Huron . 

In 1 9 7 4  maximum abundance was reached in October . Mean abundance in 

southern Lake Huron was 1 2  cells/mL .  

With an average density o f  1 7  cells/mL ( 2 . 4  mg/m3 ) ,  this 

species contributed ) only 0 . 0 8% of  the relative abundance and 0 . 54% of  

the total biomass  for  the lake ( Tabl e  7 ) . Seasonal abundance was 

highest in October ( Fig . 20c ) . No obvious geographical north-s outh 

pat tern was obvious . 
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Coccochloris elab ans D r .  & Daily 

Munawar and Munawar ( 1982 ) did not list this species as a common 

species ( >5%)  in their 1 97 1 s amp les . Stoermer and Kreis  ( 1980 ) l isted 

a Coccochloris sp . as having a mean density of 0 . 3 1  cell/ml with a 

maximum of 5 0 . 3  cells/ml . In 1983 average dens ity was 3 8  cell s/mL 

accounting for 0 . 17%  of  the total cells ( Table 7 ) . A maximum 

abundance of 43 4 cells/mL was observed on 4 August at Station 61 . 

Seasonal abundance was bimodal with a spring puls e  in May and a second 

summer maximum during Augus t .  

most stations (Fig . 23 c ) . 

Coccochl oris p eniocystis Kutz . 

This s easonal p attern was present at 

According to Humm and Wicks  ( 1980 ) , most reports of  this species 

are from freshwater ,  but occas ionally it is reported from marine 

habitat s . I t  has a worldwide distribution . In Lake Erie in 1 9 83 ,  

this species was the third most  abundant species ( This Study ) . In 

Lake Huron in 1983 , C .  peniocystis  was the second most abundant 

species ( Tabl e  7 )  �ith a maximum density o f  7 , 929  cells/mL ( 15 

3 
mg/m ) on 19  August 1983 at Stat ion 9 .  Seasonally , distribution 

appeared unimodal with a late August maximum ext ending into Oct ober 

( Fig . 20b) . 

Coelosphaerium naegelianum Unger 

Munawar and Munawar ( 19 8 2 )  did not list  thi s  species as a common 

species in 1 97 1 . Als o ,  Stoermer and Kreis ( 1980 ) did not observe this 

sp ecies in 1 9 7 4 . Accounting for 0 . 33%  of  the total abundance ( Table 

7 ) ,  this species reached a maximum density of  900 cells/mL on 16  

October at Stat ion 45 (mean abundance =· 74  cells/mL) . S easonally , an 
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abundance peak was observed in October and perhaps in August (Fig . 

20 c ) . Geographically. abundance was higher in the northern p ortion of 

Lake Huron ( Stat ions 6 1 . 5 4 , 45 ) . 

Oscillat oria limnetica Lemm . 

According to Huber-Pestaloz z i  ( 193 8) , this species is often 

abundant in polluted waters . Munawar and Munawar ( 19 82 )  did not 

report this sp ecies as common in 197 1 , while Stoermer and Kreis ( 19 80 )  

obs erved mean densities o f  only 0 . 08 cell/mL representing 0 . 002% of 

the populat ion . In Lake Huron , it contributed only 0 . 06% of the total 

biovolume and 0 . 3 9% of the total cells ( Table 7 ) . Seasonally. p eak 

abundance was reached in spring (maximum 97 4 cells/mL ;  Station 15 ) 

(Fig . 23b) . No obvious geographical p attern exis ted (Fig . 23b)  

although mean station abundance was higher at  Stations 9 and 15  (x = 

1 5 1  cell s/mL ) . The discharge of Saginaw Bay into Lake Huron ( Schelske 

et al . 1 97 4 ,  Stoermer and Theriot 1 9 85 )  may have influenced this 

abundance pattern .  B lue-greens , including Q• . l imnetica, contributed 

42 . 7% of the phytoplankton assemblage of Saginaw Bay in 1 9 80 . 

Gomphosphaeria lacustris Chod . 

Unlike most species of blue-green algae , �· lacustris seems to 

be  common in the offshore waters of the upper Great Lakes 

(Vollenweider et al . 1 9 7 4, Stoermer and Ladewski 1 97 6 ) . S toermer 
r 

( 19 7 8 )  listed this species as being occasionally abundant . Munawar 

and Munawar ( 1982 )  rep orted it as a common species ( >5% of the 

biomass )  in the fall plankton as semblage in 1 97 1 . In 1974  it was 

quite abundant ( 9 1  cell s /mL ; 4 . 5% of the population) in southern Lake 

Huron ( Stoermer and Kreis 1 980 ) . 
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In 1 983 average density and biomass  were 3 8  cells/mL and 0 . 2 

3 
mg/m • respec t ively . Maximum abundance encountered was 920 

cell s/mL at Station 9 during May and 491 cells/mL at Station 61  during 

mid-August .  Mean abundance without the maximum values of Stations 9 

and 6 1  was only 5 . 4  cells/mL .  

Chrysophyta 

Chrysophaerella  longispina Laut . emend . Nich . 

This species is usually a minor component of phytoplankton 

assembl ages in oligotrophic to mesotrophic l akes and small p onds 

(Huber-Pes t al oz z i  1 941 ) . Stoermer ( 197 8 )  l is t ed this species as 

occas ionally abundant . Stoermer and Kreis ( 1 9 80 )  observed small 

isolated p opulations in s amples from early May through June in 

southern Lake Huron . But in August and October,  abundance was high 

along the Michigan coast and at mid-lake stat ions in s outhern Lake 

Huron (maximum .... 425 cells /mi.. ) .  Mean density for southern Lake Huron 

in 1 9 7 4  was 40 cell s/mL .  

In the p resent :s tudy , abundance was near z ero  to mid-August  and 

steadily increased int o  October ( Fig . 22a) . Average abundance for the 

lake was 13 cells/mL (5 . 3  
3 

mg/m ) ( Tabl e  7 ) . Maximum density 

observed was 7 4  cel l s/mL at Station 6 in s outhern Lake Huron on 1 6  

October .  Mean density for stations ( 27 , 15 , 12 , 9 , 6 ) in s outhern Lake 

Huron in October was 3 9  cells/mL .  

Dinobryon cyl indricum Imhof 

This  was not a common species ( >5% of the biomas s )  in 1 9 7 1  

(Munawar and Munawar 1 982 ) . In 1 9 7 4  Stoermer and Kreis ( 19 80 ) 

observed a density o f  0 .  04  cell/mL rep
-
resenting only 0 .. 005% of the 
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populat ion in southern Lake Huron at Sm .  

In 1 983 mean abundance was 16  cell s/mL .  Mean biomas s was 5 . 8  

3 mg/m representing 1 . 3% of the total biomass .  Seasonally , 

populations increased into May and decreased to  near zero by Augus t  

(Fig . 22b) . Mean density for all cruises in southern Lake Huron was 

1 2 . 3  cell s/mL .  

Dinobryon divergens Imhof 

This species is apparently widely distributed and may occur in 

waters of s ignificantly different t rophic levels  ( Stoermer and Kreis 

1980 ) . In  1 973 Munawar and Munawar ( 1982 ) reported this species as a 

common sp ecies in the spring and fall . In 1 9 7 4  densit ies of 200 

cells/mL were reached in the extreme southern end of Lake Huron . 

'During Stoermer and Kreis ' s  ( 1 980 ) study ,  mean abundance was 1 4 . 6 

cells/mL rep resenting 1 . 05% of the populat ion . 

In 1 9 83 mean abundance for the lake was 1 6 . 1  cells/mL 

rep resenting 0 . 1% of the total cell s . 
3 

Mean biomas s was 4 . 7 mg/m 

accounting for 1 . 05% of the total b iomas s ( Table  7 ) . Geographically , 

mean dens it ies were similar from north to south . A peak in mean 

abundance occurred in early July (Table 22b ) . 

Dinobryon sociale var . americanum (Brunnth . )  Bachm. 

In s outhern Lake Huron in 1 97 4,  mean abundance was 0 . 094  cel l/mL 

with a maximum density of 1 2 . 6  cells/mL .  In the present study ,  �mean 

density and biomas s were 49 cells/mL and 6 . 0  mg/m3 , respectively . 

The species constituted 1 . 3 4% of the total b iomas s .  Mean dens it ies 

for the study were higher in the north ( Stations 61 and 5 4 ;  i = 65 

cel l s/mL)  as compared to the rest of the lake (x = 22 cells/mL ) . 
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Haptophyte sp . 

Mean dens ity was 1 6 8  cells/mL representing 0 .  75% of t.he total 

cells . Seas onally , a s ingl e  maj or abundance peak occurred from . j us t  

south of Saginaw B ay northward . South of Saginaw Bay ,  abundanc e  was 

much lower and a May and August peak was evident ( Fig . 2 4b ) . A 

maximum abundance o f  859 cells/mL was observed at Station 3 2  on 2 

July . 

Cryptophyta 

Cryptomonas � Ehr . and Cryptomonas erosa var . reflexa Marss .  

f. erosa is widely distributed in the Great Lakes ( Stoermer et 

al . 1 9 7 4) , usually in low numbers . According to Huber-Pes t al ozzi 

( 1968) , it is  a eurytopic organism, occurring both in oligotrophic 

lakes and often in abundance in eutrophic and s lightly saline 

habitats . 

In  1 97 1  it  was a common species ( >5% of biomass )  in the spring , 

summer and fal l  (Munawar and Munawar 1 9 82 ) . During June C . erosa  and 

Crypt omonas sp . made up 75% of the bioma s s  (Vollenweider et al . 1 9 7 4) . 

Stoermer and Kreis ( 1 980 ) rep orted it as a minor constituent o f  the 

phytop lankton community with an average density of 0 . 02 7  cell/mL 

0 . 00 1 %  of  the p opulation) in s outhern Lake Huron in 197 4 .  

o f  

I n  1983 C .  � and £. erosa v .  reflexa had an average density 

6 . 7  cells/mL and 3 mean b iomass of 1 2 . 7  mg/m • Although they 

contributed only 0 . 03 %  of the t otal abundance ,  they represented 2 . 8% 

of the total biomas s  ( Table 6 ) � Seasonally , mean abundance decreased 

from April to  early July, peaked in August ,  decreased slightly in 

mid-August and inc reased s lightly into October ( Fig . 20f ) . 
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Cryptomonas pyrenoidifera Geitl . 

Both Stoermer and Kreis ( 19 80 )  and Munawar and Munawar ( 1982 ) 

observed Cryptomonas sp . in 1 97 1  and 1 9 7 4  but did not list  C 

pyrenoidifera. C .  ovata was reported a s  accounting for 0 . 46% o f  the 

phytoplankton population in 1 97 4  by Stoermer and Kreis ( 19 80 ) . 

In  1 983 c .  ovata was less  than 0 . 1% of the total cells . The 

average biomass of �. 3 pyrenoidifera was 3 . 5 mg/m const ituting 

0 . 7 8% of the total biomass (Table  7 ) . Maximum mean populations were 

reached in the early spring ( Fig . 2 1 a) . No north-south gradient or 

geographical pattern was observed . 

Rhodomonas minuta var . nannoplanktica Skuj a 

Munawar and Munawar ( 19 82 )  reported �· minuta as abundant ( >5% 

of the biomass )  in  the spring, summer and fall of 1 97 1 . B etween R . 

minuta v. nannoplanktica and R .  minuta , Stoermer and Kreis  ( 1 980 ) 

observed the variety nannopl anktica to be the p revalent form in 

southern Huron in 1 97 4 .  Average dens ity in s outhern Lake Huron was 

8 . 2  cells/mL (0 . 77% of the populat ion) with a maximum of 54 cells/mL . 

It  was present at mos t  stat ions throughout the year but appeared to be 

most abundant during June at o ffshore stations . 

In the present s tudy , !· minuta v .  nannoplanktica was more 

prevalent than !· minuta . Mean density was 204 cells/mL (0 . 92% of 

the total cells )  with mean biomas s being 1 5 . 2  mg/m3 ( 3 . 4% of  the 

total biomas s ) . Maximum abundance was 3 1 1  cells/mL in early May at 

Station 15 . Seasonally , this species was abundant throughout the lake 

from April till October (Fig . 20d) . 
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Pyrrhophyta 

Ceratium hirundinella ( O . F .  Mull . )  S chrank 

�. hirundinella was a common species  ( >5% o f  the biomass )  in  

the summer o f  197 1 (Munawar and Munawar 1 9 8 2 ) . S toermer and Kreis  

( 1 980 ) reported it as having an average dens ity of only 0 . 1 6 cell/mL 

(0 . 009% of the populat ion) f or the 5-m depth in southern Lake Huron . 

A maximum of 6 . 3 cells/mL was reported . 

Similarly in 1 983 . mean abundance was 0 . 1 1 cell/mL ( 0 . 00 1% o f  

the total cells )  with the mean biomas s being 5 . 6  mg/m3 ( 1 . 3% o f  

the total b iomass )  ( Table 7 ) . Although this species occurred only at 

two s tations during the 19-21 August  cruise.  average contribution to 

the phytoplankton b iomass for the cruis e  was 7 . 3 % . 

Bacillariophyta 

Asterionella formos a  Has s . 

A common species ( >5% o f  the biomass)  in the spring , summer and 

fall of 1 9 7 1 (Munawar and Munawar 1982 ) . this species is considered a 

common element of the plankton ass emblage ( Stoermer 197 8 ) . In  

Stoermer and Kreis ' s  ( 1 980 ) 1 97 4  work on s outhern Lake Huron. 

abundance was generally highest  at the nearshore stat ions and at the 

Saginaw Bay interface . In mid-July abundance was reduced exc ept  at 

stations in the southern part of  Lake Huron ( abundance ..... 100 cells/mL )  • 

Abundance in October and November of 1 9 7 4  generally increased f rom the 

summer . Mean abundance was 38 . 5  cells/mL ( 2 . 9% of  the population) 

with a maximum of 3 94 cells/mL .  In 1 9 80-81 . A. formosa represented 

6 . 7% of  the total diatoms · in Lake Huron . Abundance was greatest 

during the spring . Lowest abundance regularly occurred in Sep t ember 

excep t near the Straits of Mackinac ( Stevenson 1 9 85 ) . 
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In  the present study , mean dens ity and b iomas s were 9 . 7  cells/mL 

(0 . 04% of the total cells )  and 3 . 0  mg/m3 (0 . 66% of the total 

biomas s ) . Maximum density was 103  cells/mL in July at Station 6 1 . 

Seasonally , maximum dens ity was observed in the early July sample with 

abundance greatly higher in the northern part of the lake (Fig . 23a) . 

Cyclotella comensis Grun . 

Munawar and Munawar ( 1982 ) did not report this species as a 

common species during 197 1 . They did list  f.. michiganiana, which can 

be difficult to dist inguish from small C .  comensis ( Stevenson 1985 ) . 

-Stoermer and Kreis ( 1 980 ) reported that the high abundances attained 

in southern Lake Huron in 197 4 were unprecedented . In August  C. 

comensis was in bloom quantities at mos t  stations . Mean density was 

150 cells/mL ( 8 . 6% of the populat ion with a maximum of 1508 cells/mL ) . 

Stevenson ( 1985 )  reported a mean relat ive abundance of 9 . 7% of the 

total diatomq . 

In 1 9 83 mean abundance increased to early August and decreased 

slightly into October (Fig . 2 1b ) . Abundances were greatest at the 

northern ( Stat ion 61 , 45 cells/mL )  and southern ( Stat ion 6 ,  82 

cells/mL)  ends of the lake as compared to  the  rest  of the lake (x = 27  

cells /mL ) . Mean abundance was 49 cells/mL with a maximum of 3 85 

cells/mL in early Augus t  at Station 6 .  On a cells/mL bas i s ,  this was 

the dominant diatom rep resenting 0 . 29% o f  the total cells ( Table 7 )  

and 2 4 . 9% o f  the total diatoms . 

Cyclotella � Ehr . (Kutz . )  

A common species in the spring , summer and fall of 197 1 (Munawar 

and Munawar 1 9 82 ) . this species is a member of the classic 
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oligotrophic Cyclotella associat ion (Hutchinson 1967 ) . In 1 97 4 

average density was 4 . 7 cells/mL ( 0 . 3 7% of  the population) with a 

maximum o f  3 1 . 4  celis /mL . Highest  overall abundance occurred in 

August and mid-October in s outhern Lake Huron ( Stoermer and Krei s  

1 9 80 ) . 

In 1 983 mean abundance was the 

population) . Mean biomas s was 1 7 . 7  

6 . 4  c ells/mL (0 . 03%  of 

mg/m3 (3 . 94% o f  the total 

biomass) ( Table 7 ) . Abundance was higher ( 4 . 4 cells/mL) north o f  

Saginaw Bay than south o f  i t  ( 1 . 5  cel l s /mL ) . 

occurred in August and October (Fig . 2 1b ) . 

Highest abundance 

Cyclotella kuetzingiana var . planetophora Fricke 

Munawar and Munawar ( 1 982 )  rep orted C. kuetz ingiana as a common 

( >5%  of the biomass )  element of the summer plankton ass emblage . 

Stoermer and Kreis  ( 1 980 ) reported C .  kuetz ingiana as having a mean 

density of  0 . 02 cell/mL (0 . 003% of the population) with a maximum o f  

2 . 1 cells/mL i n  southern Lake Huron a t  5 m .  

I n  1 983 mean abundance  was low throughout the spring and summer 

and increased 

c ells/mL . Mean 

total biomas s .  

biomass . 

to  5 0  cells/mL 

biomass  was 

in October . Average density was 1 6 . 5  

5 . 0  mg/m3 representing 1 . 1% of  the 

In October this species contributed 6 . 1% of the 

Cyclotella ocellata Pant . 

In 1 9 7 1  this species was a common element ( >5% o f  the biomass )  of  

the s pring . summer and fall as semblage (Munawar and Munawar 1 982 ) . 

This species is  an important component of  phytoplankton assembl ages in 

northern Lake Huron ( Schelske et a1 . _ 1 97 4 .  Schel ske et  al . 1 97 6 )  and 
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is  generally abundant in areas of the Great Lakes which have not 

undergone s ignificant eutrophication ( Stoermer and Kreis 1980 ) . 

D�ring 1 9 7 4  mean abundance was 24 . 1  cells/mL ( 2 . 4% of the 

p opulation) with a maximum of 1 69 . 6  cell s/mL .  Abundance was generally 

high . in May and June and reduced in August .  In 1980 it represented 

5 . 2% of the total diatom abundance ( Stevenson 1 9 85 ) . 

During the p resent study ,  mean abundance increased into early 

July , was low in August  and increased into  October (Fig . 2 1 c ) . Mean 

abundance and b iomass were 29 . 9  cells/mL (0 . 13% of the total cells )  

and 2 . 3  
3 mg/m (0 . 5 2% of the total biomas s ) , respectively (Table  

7 ) . A maximum abundance of 25 4 cell s/mL occurred at Station 6 1  in 

ea+ly July . Mean abundance was high ( 42 cells/mL )  at the most 

nor.:_
therly stat ion 

= 1 8 . 2 cells/mL ) . 

abundance . 

( Station 6 1 ) as compared t o  the rest of .  the lake (x 

Q. ocellata represented 8 . 7% of the total diatom 

Cymatopleura solea var . apiculata (W . Sm . )  Ralfs  

Stoermer and Kreis ( 1980 )  rep orted an average abundance of 0 . 027  

cell/mL (0 . 002% of the populat ion) with a maximum of 2 . 9  cells/mL . In 

1 983 density was low (0 . 2  cell/mL ) , but b iomass was relat ively high 

( 13 . 4  mg/m3 , 3 . 0% of the total biomas s ) . 

Fragilaria crotonensis Kitton 

This species was a common element ( >5% of the b iomas s )  in the 

spring , summer and fall in 1 97 1  (Munawar and Munawar 1982 ) . In 1 9 7 4  

seasonal minimal abundance occurred i n  August  i n  southern Lake Huro
1
n .  

Average density was 1 1 6  cells/mL representing 7 . 6% o f  the p opulation . 

Maximum abundance was 1 89 8  cells/mL ( S toermer and Kreis 1 9 80 ) . 

38 



Stevenson ( 1985 ) reported F crotonens is to  rep resent 1 8 . 8% of the 

diat om abundance in 1 980 and to be one of the two most common diatoms . 

In  the p resent study . F. crotonensis averaged 27 . 6  cells/mL 

(0 . 1 2% of the total cells )  which represented a b iomass of  2 2 . 9  

3 mg/m (5 . 1% o f  the b iomass )  ( Table 7 ) . For the lake.  a May 

maximum extending into  July , an August minimum and a s econd increase 

into October were evident (Fig . 22d) . Similar to Stevenson ' s  ( 1985 ) 

observations . a difference in maxima between regions was obs erved . 

South of  Saginaw Bay ,  the spring bloom occurred in early May and 

collap s ed by July . North of  Saginaw Bay .  a maximum in abundance was 

not observed till early July . !· crotonensis represented 9 . 7% of the 

total diatom abundance in 1 983 . 

Fragilaria intermedia var . fallax (Grun . ) Stoerm .  & Yang 

Stoermer and Yang ( 1970 ) reported this species to reach its 

maximum relat ive abundance in the spring in Lake Michigan . In Lake 

Huron in 1 9 7 4 .  a mean ab�ndance of 3 . 2  cell s/mL ( 0 . 23% of the 

populat ion) with a maximum of 2 7 9  cells/mL was observed . 

In  1983 a mean abundance and biomass of  8 . 2 cells/mL and 5 

3 
mg/m . respectively, were observed ( Table  7 ) . They represente d  

1 . 1% o f  the phytoplankton biomass of the lake . Maximum abundance was 

60 cells /mL in May at Stat ion 3 7 . The seasonal maximum occurred in 

spring with higher abundances at the mid-lake stations (37 . 32 , 27 )  

( Fig . 24a) . As with !· crotonensis . the spring b loom occurred 

earlier s outh of  Saginaw Bay �  

Melosira islandica 0 .  Mull . 

This  species is a common cold s eason dominant in boreal and 
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alpine lakes worldwide ( Stoermer and Kreis 1 980 ) . Munawar and Munawar 

( 1 982 ) not ed this species as a common element of the spring and summer 

plankton . I t  displayed a spring bloom in most  of  southern Lake Huron 

during 1 9 7 4  ( Stoermer and Kreis 1 9 80 )  and throughout the lake in 1980 

( Stevenson 1985 )  representing 2 . 8% of the diatom abundance . In 197 4  

average abundance was 15 . 2  cells/mL (0 . 97% o f  the p opulation) with a 

maximum of  813 cells/mL .  

· In the present study , a spring bloom was also observed (Fig . 

22c ) . Mean density and biomass were 1 2 . 7  cells/mL and 1 7  mg/m3 , 

respectively . This species represented 3 . 8% of the total biomass for 

the entire sampling area . 

Station 9 in May . 

Maximum abundance was 90 cells/mL at 

Rhizosolenia sp . 

Munawar and Munawar ( 1982 ) noted �· eriensis as a common element 

of the spring assemblage . Both �. eriensis and R. gracilis were 

observed in 197 4 by Stoermer and Kreis  ( 1980 ) . Combined mean 

abundance for these species was 49 . 7  cells/mL representing 4 . 4% of the 

populat ion . 

and 

was 

In 1 983 abundance was low in April and August-October . In May 

July , abundance was high ( 40 cells/mL ;  Fig . 2 1 f) . Mean abundance 

1 7 . 2  cells/mL with a biomas s  of 1 2 7  mg/m3 • This represented 

28 . 4% of the total b iomass and made this the dominant species oh a 

biomas s  bas is .. 

Stephanodiscus niagarae Ehr . and S transilvanicus Pant . 

While  a common element of the spring plankton in 1 97 1  (Munawar 

and Munawar 1982 ) , it was not in 197 4 ( S toermer and Kreis  1 980 ) . In  
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1 9 7 4  s .  hantz schii and s .  minutus were the p revalent species o f  

Stephanodiscus With a mean abundance of 0 . 1 2 cel l/mL , S niagarae 

accounted for only 0 . 006% of the population . 

In 1 983 S .  niagarae and �· t rans ilvanicus were the prevalent 

species with a comb ined abundance of  1 . 2  cells/mL account ing for 

0 . 0 05% of the total cells  but 3 . 3% of the total biomas s ( 14 . 5  

3 mg/m ) ( Table  7 ) . Seasonally, a peak in abundance in the spring 

was observed for S. transilvanicus . A fall p eak and a small 

abundance increase in May were noted for s .  niagarae (Fig . 2 1 d ) . 

Tabellaria 

linearis Kopp en 

flocculosa (Roth) Kutz . and !· flocculosa  var . 

Munawar and Munawar ( 1 9 8 2 )  reported this species as a dominant in 

Lake Huron . In 1 97 4  T. flocculosa v .  linearis was more prevalent (x 
= 2 8 . 8  cells/mL ,  2 . 1% of the populat ion) as compared to  T .  flocculosa  

( 1 . 1  cells/mL ,  0 . 0 9% of the populat ion) . S t evenson ( 1985 )  reported 

that although the seasonal abundance pattern was variable from region 

to region in 1980 , it bloomed in most areas of the lake in spring . 

Similar seasonal patterns were observed in the 1 97 4  s tudy of s outhern 

Lake Huron ( Stoermer and Kreis 1980 ) . 

In  1 983 the mean abundance was high in the spring and was l ow 

during the rest of  the s ampling p eriod (Fig . 2 1 e ) . !· flocculo s a  

( 20 . 3  cells/mL) was more abundant than T .  flocculosa v .  linearis ( 1 . 4  

cell s/mL) . T. flocculosa contributed 1 3 . 5% of the total b iomass 

making it the second most  dominant species on a biomass  bas is  (Table  

7 ) . No obvious  geographical p at tern was  observed . 
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LAKE MICHIGAN 

Abundant species ( Table  8 )  were arbitrarily defined as those 

possessing a relative abundance of >0 . 1% of total cells  or >0 . 5% of  

the total biovolume . 

Cyanophyta 

Anacystis  marina Dr . & Daily 

A .  marina i s  widely distributed a s  plankton in. fresh, brackish 

and sometimes marine waters . It  is rarely rep orted ,  p rob ably becaus e 

it is easily overlooked (Hunun and Wick s  1 9 80 ) . Cells range in siz e  

from 0 . 5-2 . 0  pm in diameter . Becaus e a number of varying shaped cells  

were included as  A .  marina during our identification, it  is pos s ible 

that more than one species is being grouped togethe r  (Andresen 1985 ) • .  

This was the dominant phytoplankter within the study area 

representing 84 . 6% of the total algal abundance ( cells/mL) but only 

1 . 6% of the total algal biovolume (6 .. 3 mg/m3 ) .  An average density 

of 23 , 607 cells/mL was observed for the study period with a maximum 

density of  1 20 , 01 9  cells/mL observed on 26  October at Station 7 7  

( Tabl e  8 ) . Mean stat ion abundance was higher  ( 3 6 , 3 15 cells/mL) in the 

north ( Stat ions 7 7 , 64, 5 7 )  as compared to the rest of the lake ( 1 8 , 850 

cells/mL ) . Differences in s eas onal distribution were als o  evident . 

The ent ire offshore region experienced a maximum in October . A second 

weaker abundance peak was p resent in the spring or July at mos t  

stations (Fig . 28a) . Makarewicz ( 1 985 )  reported this species from the 

mouth of Niagara River and the Oswego River in Lake Ontario , and from 

Lake Erie and Huron ( This Report ) . There are no other reports of this 

species in Lake Michigan . 

42 



Anacystis montana f .  minor Dr . & Daily 

Humm and Wicks ( 1980 ) noted that A .  montana was planktonic and 

possessed a worldwide distribution in freshwater  and in brackish water 

habitats . In Lake Ont ario at the mouth of the Oswego River .  this 

species was observed to have a bimodal distribution with a p eak in 

late July and October  (Makarewicz 1 9 85 ) . S eas onally in Lake Erie, 

only one abundance p eak was observed in mid-October ( This Study ) . In 

Lake Huron in 1983 , a bimodal pattern was obs erved with the s pring 

peak in May ( Fig . 20 e ) . Similar to Lake Erie , only one abundance peak 

was obs erved in Lake Michigan in October of 1 9 83 (Fig . 25a) . Mean 

abundance was 45 1 cells/mL with a maximum of 3 , 289  cells/mL (Table  8 ) . 

This species has not been reported before in Lake Michigan . 

Anacystis  thermalis (Menegh . )  Dr . & D aily 

Stoermer and Ladewski ( 1 976 )  rep orted this species as being a 

common element of  phytoplankton ass emblages in  mes otrophic to  

eutrophic lakes . In� the 60 ' s , abundance of A .  thermalis increased 

greatly in southern Lake Michigan . Maximum abundance  was 460 cells/mL 

in 1 97 1  ( Stoermer and Ladewski 1 9 7 6 ) � From Rockwell et  al . ' s  ( 19 80 )  

report on southern Lake Michigan»  an average density of  397 and 7 81 

cells/mL in Augus t  and in S eptember of 1 97 7  can b e  computed . Stoermer 

( 197 8)  listed this species as a common element of the plankton 

assembl age .. 

In the p resent s tudy, mean maximum abundance  occurred in  early 

October (Fig .  2 5 a) . Mean abundance was greate r  (602 cell s/mL }  in 

southern Lake Michigan ( Stat ions 26 and 27 s outhward )  than in the 

north ( 325 cel ls/mL ) e Average dens ity for the lake was 45 1 cel l s/mL 
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( 1 . 6% of the total cell s )  with a maximum of 3 , 289 cells/mL at Station 

27 on 1 2  October .  Mean b iomass was 3 . 0  mg/m3 • 

Coccochloris peniocystis (Kbtz . ) Dr .  & Daily 

There app ears to be no other previous reports of this species in 

Lake Michigan . According to  Humm and Wick s  ( 1 9 80 ) , mos t  reports of  

this species are from freshwater,  but  occas ionally it is reported from 

marine habitats . In Lake Erie in 1 9 83 , this sp ecies was the third 

most abundant species (This Study) ; in Lake Huron in 1983 , it was the 

second mos t abundant species ; and in Lake Michigan in 1983 ,  it was the 

second most p revalent species ( Table  8 ) . 

Mean abundance and b iomass were 1 , 3 40 cells/mL ( 4 . 8% of the total 

cells )  and 3 . 0  mg/m3 (0 . 77% of  the total b iomass ) .  Populat ions 

appeared to build up during the spring and summer reaching a p eak in 

mid-August and then declined into October ( Fig . 25 a) . Abundances were 

higher (i = 2 , 025 cells/mL)  at the far northern stations ( 5 7 , 64 , 7 7 )  

than in the res t  o f  the lake ( 960 cells/mL) . 

Coelosphaerium naegelianum Unger 

P arkos et al . ( 1969 )  provided abundance est imates for 

Coelosphaerium sp . for different regions of the lake in 1 967 . Average 

density for early and late  October was 1 9 4  cells/mL . Rockwell et al . 

( 1 980 ) rep orted a mean dens ity of 1 3 . 5  cells/mL for Coelosphaerium 

kuetzingianum in late August .  

In  1 983 average dens ity was 39 cells/mL with a maximum abundance 

of  1 , 227 cells/mL on 4 July at Stat ion 64 . D istribution was generally 

limited to the far northern portion of the lake ( Stations 7 7  and 64)  

and one  occurrence at Stat ion 11  at the  s outhern end of the lake . 
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Seasonally, two mean abundance p eaks , July and October,  were observe d  

(Fig . 25b ) . 

Oscillatoria agardhii Gom . 

During the spring of 1963 , Oscillatoria sp . was observed by 

Stoermer and Kopczynska ( 1967 a) at dens it ies less than 1 0 0  cell s/mL . 

In 1983 0 .  agardhii had a mean abundance and biomass of 1 4 . 2  cells/mL 

and 2 . 8  3 mg/m • respectively . Maximum abundance was 344 cells/mL 

at Stat ion 64  on 5 May . Seas onally , p opulation density was high in 

April and May,. had collapsed by July and stayed low the rest of the 

sampling p eriod (Fig .  25b) . This species was observed at the far 

northern end of the lake ( Stat ions 77  and 64)  and at mid-lake Stat ions 

23 and 27  only . 

Oscillatoria l imnetica Lemm . 

Ahlstrom ( 1936 )  and Stoermer and Kopczynska ( 1967 a) listed Q .  
mougeotii as the only sp ecies of the genus at all abundant in their 

collections . Stoermer and Ladewski ( 1976 )  reported  that this species 

has increased in abundance in Lake Michigan . Rockwell et  al . ( 1 980 ) 

reported that 0 .  limnetica was common throughout the b as in in April 

and June and was especially abundant in S ep t ember  of 197 7  at certain 

stations . 

In the p resent s tudy.. an av,erage density and biomass  of 1 3 9 

cells/mL ( 6 . 5% of  the total cel l s )  and 1 . 0 mg/m
3 

(0 . 26% of the 

total b iomass )  were obs erved , respectively . Mean maximum abundance  

occurred in July (Fig . 25 c) . However11 differences in maximum 

abundance were obs erved within regions of the lake . Peaks in maximum 

abundance we:re much greater at mid-lake stations ( 23 , 27 , 3 4 , 41 )  than 
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at the northern and southern stat ions (Fig 27 c ) . 

Pyrrhophyta 

Ceratium hirundinella ( O . F .  Mull . )  S chrank 

Ahlstrom ( 1936 ) noted that in his collections C .  hirundinella  

did  not b ecome abundant until July and later . In 1967 , 1 . 1  cells/mL 

for the lake were observed ( Parkos et al . 1 9 69 ) . Stoermer and 

Ladewski ( 1 976 ) reported low abundances (maximum = 3 . 5 cells/mL ) in 

s outhern Lake Michigan in 1 97 1 . 

I n  1 983 average dens ity was low (0 . 22 cell/mL ) , but mean b iomass 

was high (21  mg/m3 ) rep resenting 5 . 4% of the total b iomas s (Table 

8 ) . Seasonally , a p opulat ion maximum of C .  hirundinella occurred in 

August . This species was observed only in the southern portion of the 

lake ( Stations 6 , 1 1 , 1 8 , 23 , 27 ) . 

Chlorophyta 

Cosmarium sp . 

In  October of 1 9 67 , this genus attained a density of 0 . 6  cell/mL 

in the northern lake region ( Parkos et al . 1 969 ) . In  1 983 this genus 

had a mean density and b iomass  3 of 0 . 3 9  cell/mL and 7 . 0 mg/m , 

respectively ( Table 8 ) . I t  contributed 1 . 7 9% of the total b iomas s .  

I n  April abundance was low (0 . 16 cells/mL )  but increased t o  1 . 6  

cells/mL in May . This  abundance was maintained int o  August . In  

October the organism was  not  observed . 

Monoraphidium contortum (Thur . )  Kom . -Legn . 

This species had a mean dens ity of  3 8 . 1 cells/mL (Table  8 )  with a 

maximum of 20 1 cells/mL at Stat ion 1 8  in April . Seasonally , mean 
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maximum abundance occurred in spring ( Fig . 25d ) . A second peak was 

obs erved in October  at Stations 3 4 .  41 and 47 . 

Stichococcus sp . 

With an average biomas s  o f  2 . 0 mg/m3 ( 23 cell s/mL ) , this 

species contributed 0 . 50% of the total b iomas s .  S easonal distribution 

was described by a late summer maximum that appeared to  extend into 

October . Occurrence was uneven ; that is , it occurred only at St at ions 

6 , 1 8 . 34 . 41  and 47 . 

Chrys ophyta 

Dinobryon cylindricum Imhof ,  D .  divergens Ehr . , D .  sociale var . 

americanum (Brunnth . )  Bachm . 

S toermer ( 19 7 8) listed D .  cylindricum as a common element of the 

Lake Michigan plankton community . In October of 1 967 , mean abundance 

was 2 . 6  celis/mL (Parkes et al . 1 9 6 9 )  for Dinob ryon sp . Stoermer and 

Kopczynska ( 1 96 7 a) noted that in 1962-63 Dinobryon was the mos t  

important representative o f  the Chrysophyta in Lake Michigan . In  

1 962-63 D .  divergens . D .  cylindricum and D .  s ociale were the mos t  

common species . 

In the p resent study , these three species acc ounted f or 3 . 66% of  

the total b iomas s  ( Table  8 ) . Along with Haptophy t e  sp . ,  they were the 

dominant chrysophytes . 
3 A mean biomass  of 1 4 . 3  mg/m occurred for 

the s ampling p eriod . Of the three species , �· s oc iale v .  americanum 

was the mos t  p revalent . Maxima for all three species were in July 

with a s econd maximum in Augus t  for D .  divergens .. Mean abundances  

for  all  three species were higher ( 53 . 2  cells/mL )  at Stat ions 64 and 

7 7 than in the rest of the lake ( 2 1  cells/mL) . 
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Haptophyte sp . 

With an average biomass and density 3 of 2 . 3 mg/m and 1 85 

cells/mL ,  respectively , this group const ituted 0 . 59% of  the total 

b iomass and 0 . 66% of the total cell s . A maximum abundance of 7 85 

cells /mL was observed on 4 July at Stat ion 41 . Differences in 

seasonal abundance were evident with geography (Fig . 28b ) . Abundances 

tended to be generally low in the s outh ( Stations 6 , 1 1 , 1 8 , 23 )  till the 

late  summer and fall . In the central region ( Stat ions 27 , 34 , 41 ) , 

peaks in abundance occurred in early July and later in August  and 

October . In  the northern region ( Stat ions 47 , 57 , 64 , 77 ) , abundance was 

high during the late spring and in October . Stat ion 47 did not have 

the spring puls e ,  but the fall pulse  was obs erved . 

Stylotheca � (Bachm . ) Boloch . 

This colorles s flagellate was abundant in the spring ( Fig . 27b) . 

Mean b iomass was 2 . 1  3 mg/m representing 0 . 55% of  the total 

biomass .  Abundance was especially high ( 3 9  mg/m3 ) at the far 

northern stations (64  and 7 7 )  compared to the rest of the lake (0 . 5  

3 mg/m ) .  

Cryptophyta 

Chroomonas norstedtii Hansg .  

Average density observed in 1 983 was 2 8 . 8  cells/mL representing 

0 . 1% of the total cells . Mean s easonal abundance was low in the 

spring , reached a p eak in July and leveled off at "'"' 30 cells/mL for the 

rest of the s ampling p eriod ( Fig . 25 f ) . This trend is somewhat 

misleading because stations south of 3 4  did not experience this 
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maximum in abundance .  Mean abundance was higher (59  cells/mL)  at the 

far northern stations ( Stations 64 and 7 7 )  than in the rest of  the 

lake ( 22 cells/mL ) . 

Cryptomonas erosa Ehr . and C .  erosa var . refl exa Marss . 

Stoermer ( 19 7 8 )  listed this species as p resent in only minor 

quant it ies in Lake Michigan . S t oermer and Kop czynka ( 1 967b)  rep orted 

cryptomonads as a numerically minor component of  the total plankt on . 

Vollenweider et al . ( 19 7 4) stated that Munawar observed Cryptomonas to 

be commonly found . 

B as ed on three samples in July 1973 , Munawar and Munawar ( 1975 ) 

reported that phytoflagellates contributed between 6% and 3 2% of  the 

biomass .  Claflin ( 19 7 5 )  also  found small flagellates ( part icularly 

Rhodomonas and Crypt omonas ) to be abundant in 1 97 0-7 1 . Rockwell et 

al . ( 1 980 )  reported an occurrence of Cryptomonas spp . of  1 , 1 60 

cell s/mL in 1976 .  

In 1 983 C .  erosa and C .  erosa v .  reflexa had a combined mean 

abundance and b iomas s o f  7 . 9  cells/mL and 1 6 . 7  
3 mg/m • On a 

numerical basis , they represented only 0 . 0 2% o f  the total cel l s . 

However , they did contribute 4 . 3% of  the total biomass  for the lake . 

Seas onally , mean s easonal abundance for C .  erosa reached a p eak 

in early May, decreased  in July� increased  to 7 . 6  cells/mL in Augus t ,  

and remained at this l evel till  lat e  October when mean abundance 

reached 13 . 7  cells/mL . Maximum b iomass ( 7 4  mg/m
3

) occurred on 4 

July at Station 23 and rep resented 13 . 4% o f  the total biomass for that 

s ampling stat ion .  No obvious geographic pattern was observed .  

c .  erosa v .. reflexa displayed a differen t  s easonal abundance 

pattern with maxima in early August and in l ate October . Als o ,  
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stat ions north of 41 had a mean b ioma s s  of 0 . 2  mg/m
3 

while the 

3 
rest had a mean biomass of  3 . 1  mg/m  • 

Cryptomonas marssonii Skuj a 

Stoermer ( 19 7 8 )  listed this species as being absent from Lake 

Michigan . In 1983 this species had a mean abundance and biomass of  

2 . 4  cells /m.L and 2 . 2 
3 mg/m (0 . 5 7% o f  the total biomas s ) , 

respect ively (Table  8 ) . A maximum abundance of 25 cells/mL ( 18 . 7  

3 mg/m ; 1 4 . 9% of the b iomass )  was observed on 17  August at Station 

41 . Seas onally , abundance was higher in August  through October than 

in the spring and early summer (Fig . 26a) . 

Cryptomonas pyrenoidifera Geitl . 

In  1 983 a spring abundance peak was observed ( Fig . 26a) . Mean 

abundance was 6 . 1  cells/mL . Average b iomas s 

contributing 0 . 7 1% of the total b iomas s .  

Rhodomonas minuta var . nannoplanktica Skuj a 

was 2 . 8  3 mg/m 

Stoermer ( 1978 )  reported this species as occasionally abundant in 

Lake Michigan . Vollenweider et al . ( 19 7 4 )  noted  that Munawar and 

Munawar obs erved R .  minuta to contribute  up to 5-10% of the biomas s  

for a s ampling date in 1 97 1 . S ome workers believe that R .  minuta 

var . nannoplanktica is  not a dis t inct variety , but a smaller phase of 

R minuta . Although Munawar and Munawar do not state this , it is  

poss ible they lumped the variety nannoElanktica into  �. minuta for 

this reason or s imply for convenience .  Claflin ( 1975 ) also  reported 

small flagellates (particularly . J�.hodomonas and Crypt omonas)  to be  

abundant in 1 970-7 1 . 
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In 1 983 p eaks in mean abundance were observed in early May and 

October ( Fig . 25 £ ) . No obvious geographical pattern was present . 

Mean abundance and b iomass  were 269 cells/mL 
3 

and 2 2 . 4  mg/m • 

respectively . This species contributed 5 . 7% of the total biomass to 

the lake for the year . 

Bacillariophyta 

Asterionella formos a  Has s . 

S toermer ( 19 7 8) reported it as a common element of the Lake 

Michigan plankton community . Stoermer and Yang ( 1970 ) indicated that 

this species was relat ively abundant throughout Lake Michigan and 

reached its greatest relat ive abundance in late summer and early fall 

samples . In 1 96 2-63 . A .  formosa was abundant ( ca .  20  cells/mL) in 

August .  declined in S eptember and was abundant again in October ( 65 

cells/mL) ( Stoermer and Kopczynska 1967 a) . In 1967 its relat ive 

abundance (numerical basis)  was often 5-10% of the diatom assemblage . 

Holland ( 1 980 ) reported a maximum density of 2 2 6  cells/mL in 1 97 1 .  

Rockwel l  et al . ( 19�0 )  observed a mean abundance of 7 5  cells/mL for 

southern Lake Michigan in 1976 . 

I n  1 983 mean abundance and bioma s s  were 1 1 . 8  cel l s /mL and 3 . 5 

3 mg/m • respectively . This species represented 0 . 9 1% of  the total 

biomass for the lake . Populations were l ow in the spring. reached a 

mean maximum abundance of  49 . 5  cells/mL in early July. decreased in 

August and were increasing in mid-October ( Fig . 2 6 c ) . For the 

sampling p eriod . average densities were higher at Stations 27 . 3 4  and 

41 ( 25 G 5  cells/mL) and Station 77 ( 16 . 3  cel l s /mL) than in the rest of 

the lake ( 5 Q 3  cells /mL ) � Maximum abundance ( 206  c ells/mL) occurred at 

Station 3 2 / 3 4  on 4 July 1 983 . Maximum densit ies in 197 1 ( 226 
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cells/mL )  and 1 983 ( 206  cells/mL )  were s imilar . 

Cyclotella comensis Grun . 

In  1 9 62-63 C .  michiganiana and C .  comta were the maj or species 

in the fall . C .  kutz ingiana, C .  ocellata and C .  s telligera were 

also p resent but in smaller numbers . Holland ( 1980 )  did not report 

this species . Stoermer and Tuchman ( 19 7 9 )  rep orted this species as a 

recent introduction to the nearshore southern Lake Michigan in 1977 . 

Abundance was low in June but increased substantially in August and 

September . Average dens ity was 86 . 7  cells/mL ( 1 . 9% of the population 

with a maximum of 419  cells/mL )  in 1 9 7 7 . 

I n  1 983 mean abundance and biomass  for the lake were 5 2 . 7  

cells/mL and 3 
2 . 0  mg/m . respectively ( Tabl e  8 ) . A maximum of 834 

cells/mL was observed at Station 7 7  in 3 Augus t  1 983 . Density was low 

from April to July. increased in August ,  and remained high to late 

October when it increased to  a mean abundance of 135  cells/mL for that 

date ( Fig . 26b) . Geographically , mean stat ion density was higher at 

Stations 64 and 77 (x = 2 2 1  cells/mL) and Stat ion 6 (x = 62 cells/mL) 

at the far northern and southern ends of the lake as compared to the 

rest of the lake (i = 9 . 5  cells/mL ) . This  species represented 0 . 24% 

of  the total cells and on a numerical b as is was the dominant species 

of Cyclotella . 

Cyclotella comta (Ehr . ) Kutz . 

P reviously published work s  indicate that this species is widely 

distributed in oligotrophic and mesotrophic lakes ( Stoermer and Yang 

1 9 70 ) . Stoermer ( 19 7 8) l iste� this species as occaJionally abundant 

in Lake Michigan . Schelske et al . ( 197 1 )  and Holland and Beeton 
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( 1 97 2 )  reported that f� - stelligera was among the offshore dominants .  

In July of 1 9 6 9 ,  an average dens ity o f  422 cell s/mL was observed for 

C.  stelligera ( S chel ske et al . 197 1 ) . 

In 1 983 abundance of C .  stelligera was les s  than 0 . 1% of the 

total cells . On a b iomass b asi s ,  Q. comta was the dominant sp ecies 

of Cyclotella ( 4 . 0% of  the total biomas s ) . Mean density and abundance 

6 . 3  cells/mL 3 Maximum density were and 15 . 6  mg/m • respectively . 

was 1 5 8  cells/mL . Abundance was low throughout the year reaching a 

peak in October . Stat ions 6 4  and 7 7  experienced a substantially 

higher mean stat ion abundance ( 23 . 9  cel l s /mL) than in the rest o f  the 

lake ( 2 . 3  cells/mL) . 

Cyclotella michiganiana Skv . 

Stoermer ( 19 7 8 )  listed this species as a common element o f  the 

plankt on community . Stoermer and Kopczynska ( 196 7 a) found it t o  be a 

maj or dominant in collections from southern Lake Michigan in 1 9 6 2  and 

1 963 . Stoermer and Yang ( 1970 ) noted  that most  modern abundant 

occurrences came from offshore stations in the extreme northern part 

of the lake . In 1 969  �he mean abundance for July was 64  cells/mL 

( Schelske et al . 1 97 1 ) . In 1 9 65 Holland ( 1969 ) observed this species 

to reach densities of �00 cells/mL and 100 cell s/mL at the offshore 

Michigan and Wisconsin stations . Highes t  abundance was in August . 

In 1 983 mean density and biomass were 1 2 . 1  cells/mL and 2 . 7  

3 mg/m • respectively . This species repres ente d  0 . 68% o f  the total 

biomass ( Tabl e  8 ) . Mean stat ion abundance was l ow through August and 

then s teadily increased to 3 8  cells /m.L in October ( Fig . 26c ) . Even 

peak density in 1 9 83 ( 1 17 cells/mL )  was lower than those abundances  

observed by Holland ( 19 6 9 )  in  1 9 65 . 
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Cymatopleura solea (Breb . & Godey)  W .  Sm . 

Stoermer and Kopczynska ( 1967 a) reported this species as present 

in small numbers in nearshore stat ions in 1 96 2-63 . Isolated 

individuals were also occasionally noted in s amples from the offshore 

station . Low densities of 0 . 2  cell/mL were observed in Green Bay in 

1 97 7  ( Stoermer and Stevenson 1 9 7 9 ) . Similarly low densities ( 0 . 16 

cell/mL ) were observed for southern Lake Michigan in 1977  ( Stoermer 

and Tuchman 1 97 9 ) . 

In 1983 mean abundance was 0 . 3 cell/mL with a maximum of 3 . 7 

cells/mL in April . Seasonally ,  peak abundance occurred in the spring 

and late October .  With a mean biomass of 6 . 0  mg/m3 , this species 

represented 1 . 5% of the total biomass .  

Entomoneis ornata (J . W .  Ball . )  Reim . 

Stoermer and Tuchman ( 19 7 9 )  reported a density of 0 . 05 cell/mL in 

the nearshore of  southern Lake Michigan in 1977 . In 1983 a s imilar 

density of 0 . 15 cell/mL was observed for all s ampling stations . Mean 

biomass  

biomas s ) . 

(3 . 3 
3 

mg/m ) was relat ively high ( 0 . 86% of the total 

Fragilaria crotonensis Kitton 

During 1 96 2-63 F .  crotonensis  was the maj or dominant in  the 

genus . In October of 1 96 7 , mean abundance was 1 . 3  cells/mL ( Parkos et 

al .. 1 96 9 ) . Maximum abundance reported by Holland ( 19 6 9 )  was -500 

cells/mL .. Schelske et al . ( 19 7 1 )  rep orted mean abundances for July 

and August/ S ep t ember of 1969  of 100 cells/mL and 15 cells/mL ,  

respectively . Stoermer and Yang ( 1970 ) stated that this species was 
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the "most consistent maj or dominant" in the Lake Michigan flora 

reaching its greatest  relative abundance during the summer and early 

fall . In 1 97 6-77 , Rockwell et al . ( 19 80 )  observed a mean abundance o f  

3 25 cells/mL f o r  the June-S eptember period . 

In 1983 mean abundance and biomass  were 59 . 4  cells/mL and 42 . 4  

3 mg/m . respectively ( Table  8 ) . With maj or abundance p eaks in July 

and October ( Fig . 2 6 f ) , this species contributed 1 0 . 9% of the total 

biomass .  Mean station abundance was higher ( 129  cells/mL) at the 

northern stat ions ( 64  and 7 7 )  as compared to the rest of the lake 

( 43 . 9  cells/mL ) . 

Fragilaria vaucheriae (Kutz . )  Peters .  

Stoermer and Ladewski ( 1976 )  susp ect that this species is  

primarily benthic in  habitat preference .  A mean abundance o f  0 . 4  

cell/mL was observed in the nearshore of s outhern Lake Michigan in 

1977 . 

In 1 983 mean density and biomass  were 10  cells/mL and 4 . 6  

3 mg/m . respective+y ( Table  8 ) . Mean maximum s t at ion abundance ( 3 1  

cells/mL) occurred in the spring (Fig . 2 6 f ) . Mean stat ion abundance 

was greatest at the northern s tations ( 5 7 , 64 , 7 7 ) ( 24 . 3  cells/mL )  than 

in the rest of the lake (i = 4 . 1  cells/mL ) . 

Melosira islandica 0.  Mull . 

Stoermer ( 19 7 8) listed this species as a common element o f  the 

plankt on assemblage . In 1 962-63 , M .  islandica was b y  far the mos t  

abundant member of the genus in the offshore waters o f  the lake 

( Stoermer and Kopczynska 1967a ) . In 1 965 maximum abundance in the 

offshore waters was -100 cells/mL during the spring (Holland 1 96 9 ) . 

a 
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In 1970 mean offshore dens ity was 41 cells/mL in May (Holland and 

Beeton 1 97 2 ) . In the nearshore of  s outhern Lake Michigan in 1 97 7 .  

this species  constituted 0 . 04% o f  the populat ion ( 1 . 5  cells/mL) with a 

maximum of  2 7  cells/mL . Rockwell et al . ( 1 980 ) reported a mean 

Melosira sp . abundance o f  1 86 cells/mL in 1976-7 7 . Stoermer and Yang 

( 1 97 0 ). rep orted it as a spring dominant . 

In 1983 mean maximum s tat ion abundance occurred in the spring 

( Fig . 27b) . Mean abundance and b iomass for the s ampling period were 

1 2 . 1  
3 

cells/mL and 10 . 9  mg/m • respectively . Maximum abundance was 

137  cells/mL in May at Stat ion 1 8 .  This  species represented 2 . 8% of 

the total b iomass .  

Melosira italica sub sp . sub arctica 0 .  Mull . 

Stoermer ( 197 8)  lis ted this species as a common element of the 

plankton of Lake Michigan . During 1 962-63 Stoermer and Kopczynska 

( 1 967 a) rep orted �· islandica as the dominant species of  this genus . 

Holland and B eeton ( 19 7 2 )  noted a mean abundance of  13 . 7  cells/mL at 

offshore s tations in January of 1 97 1 . Stoermer and Ladewski ( 1976 )  

reported this species as  largely res tricted to  offshore stations . In  

the  nearshore during 1 97 7 . mean abundance of  M .  italica was 10  

cells/mL with a maximum of  5 6  cells/mL . 

In 1 983 mean abundance was 37 . 6  cells/mL with a maximum abundance 

of 357 cells/mL at Stat ion 1 8  in early May ( Table  8 ) . Mean station 

abundance peaked at 1 6 1  cells/mL in the spring ( Fig . 2 7 a) . Abundance 

in the southern half o f  Lake Michigan ( 5 1 . 9  cells/mL )  was 

substantially higher than in the northern half ( 23 . 9  cel ls/mL) 

( Stat ions 34 . 41 . 47 . 64. 77 ) . 
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Rhizosolenia eriensis H . S .  Sm . and Rhizosol enia sp . 

This  species is  widely distributed in large oligotrophic to 

mesotrophic lakes of  the world  ( S toermer and Yang 1 9 70 ) . In May of 

1 962-63 , relatively high ( 100 cel1s/mL )  populations were obs erved in 

southern Lake Michigan ( Stoermer and Kopczynska 1967 a) . During May 

and June of 1 970 , mean abundances for offshore stat ions were 63 and 

6 1 1  cells/mL ,  respectively (Holland and B eeton 1 9 7 2 ) . Rockwell et al . 

( 1 980 ) reported a mean dens ity of 46 . 2  cel l s /mL for !· longiseta 

during 1 976-7 7 . 

In  1 983 mean abundance was only 2 . 6  cells/mL , and it was 

essentially absent f rom the lake excep t  for high abundances in the 

northern half of the lake in October  (Fig . 28c) . This species 

contributed 1 . 6% of the biomass of the lake . In  1 9 83 Rhiz osolenia sp . 

occurred only at Station 77 . A small spring p eak was observed with a 

substantial bloom ( 13 3  cells/mL )  in late October . 

Stephanodiscus alpinus Rust . 

The most  co�on members of  this genus in offshore collect ions in 

1 96 2-63 were S .  trans ilvanicus and S .  niagarae ( Stoermer and 

Kopczynska 1 967 ) . In 1 97 0 . Ho lland and B e e t on( l 97 2 )  repo r t ed an average o f  

3 . 7  cells/mL from the offshore region . Stoermer and Yang ( 1970 ) 

rep orted that it was widely distributed in Lake Michigan , but abundant 

occurrences were restricted to nearshore areas of  the main lake . In 

the nearshore z one of southern Lake Michigan during 1 97 7 , mean 

abundance was 9 . 1  cells/mL with a maximum abundance of 6 9  cells/ml . 

In the p resent study , mean abundance and biomas s  were 2 . 9  

cells/mL and 1 9 . 4  mg/m
3 , respectively . Maximum abundance was 2 2  

cells/mL . Mean stat ion abundance was high in the spring (x = 7 . 4 
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c ells/mL) and in late October ( 3 . 2  cells /mL ) . This one species 

accounted for only 0 . 01%  of the total cel l s  but 4 . 5% of the tot al 

b iomass for the sampling period . 

Stephanodiscus niagarae Ehr . 

Stoermer ( 19 7 8 )  listed this species as present in minor 

quantit ies . In 1 96 2-63 Stoermer and Kopczynska ( 1967 a) noted that the 

mos t  common members of this genus were S .  transilvanicus and S .  

niagarae ( abundance = 1 . 0  cell/ml ) . Stoermer and Yang ( 1970 ) 

reported a high relat ive abundance in late spring and early fall . 

Stoermer ( 1 97 8) listed it as occasionally abundant . Stoermer and 

Tuchman ( 197 9 )  reported a mean abundance of  0 . 07 cell/ml in 1 977 . 

In 1 983 abundance was higher in the spring and late October ( Fig . 

26d) . Mean abundance was only 0 . 7 9 cell/mL .  but biomass averaged 9 . 9 

3 
mg/m • This species contributed 2 . 5% of the total b iomass . 

Stephanodiscus transilvanicus Pant . 

Stoermer ( 19 7 8 )  reported this species as a common element of the 

plankton assemblage . In 1 96 2-63 this species was a common member of 

this genus with � ·  niagarae ( abundance = 1 . 0  cell/mL ) . Stoermer and 

Yang ( 1970 ) rep orted that the maj ority of abundant occurrences were 

found in offshore s amples . Stoermer and Tuchman ( 19 7 9 )  did not 

observe thi s  species in the nearshore z one of s outhern Lake Michigan . 

In 1 983 mean abundance and b iomass  were 22 . 7  cells/mL and 0 . 3 

3 
mg/m . respectively ( Table  8 ) . Maximum abundance attained was 6 

cell s/mL in early October . Dens ity was highest  in the spring ( Fig . 

26d ) . Thi s  species contributed 1 . 6% of  the total b iomass .  
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Tabellaria fenestrata Kutz . 

S chelske et al . ( 197 1 )  observed a July mean abundance o f  7 2 . 5  

cells/mL in 1969 . According to Stoermer and Yang ( 1 970 ) . T .  

fenestrata is nearly always p resent in phytop lankton collect:ions from 

Lake Michigan but usually makes up a minor part of the diatom 

as semblage . Modern reports of abundant occurrences are essentially 

restricted to offshore stations in the northeastern part of the lake . 

In 1977  in  the nearshore of  southern Lake Michigan .  a mean density o f  

1 . 4  cel1 s/mL was observed ( Stoermer and Tuchman 1 97 9 ) . Rockwell et  

al . ( 1980 ) reported mean abundance of 7 7 . 1  cell s/mL in 1 9 7 6-7 7 . 

In 1983 mean abundance and biomass  were 4 . 1 cells/mL and 7 . 2  

3 mg/m . respectively ( Table  8 ) . Seasonally . mean stat ion abundance 

was high in spring ( 14 . 4 cells/mL) but near z ero during the rest o f  

the s ampling period (Fig . 26e) . Abundance ( 13 . 1  cells/mL )  in the 

northern region of  the lake was higher than in the stations s outh o f  

Stat ion .5 7  (x = 0 . 7 8 cell/mL ) . Maximum abundance was 7 9  cells/mL at 

Station 64 on 4 May 1 983 ( Fig 27d ) . Thi s  species rep resented 1 . 9% o f  

the total b iomass .  

Tabellaria flocculosa (Roth) Kutz . 

Holland ( 1969 ) reported a maximum density of �100  cel l s /mL in 

offshore waters of  Lake Michigan in 1 9 65 . During October .  Parkos et 

al . ( 1969 )  observed a mean density of  2 cells/mL . During 1 97 0-7 2 . 

Holland ( 1 980 ) rep orted an offshore mean dens ity of 1 1 . 3  cells/mL .  In  

the nearshore of s outhern Lake Michigan in  1 9 7 7 . mean abundance  was 

1 22 cells/mL representing 2 . 3% of the p opulation ( Stoermer and Tuchman 

197 9 )  .. 

In 1983 the mean dens ity of  T .  flocculosa was 1 6 . 8  cells/mL with 
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a maximum of  202 cells/mL at Stat ion 6 4  in May . Mean biomass was 48 . 9  

mg/m3 repres enting 1 2 . 6% of the total biomas s  ( Tabl e  8 ) . On a 

biomas s basin,  this was the dominant diatom in the lake in 1 983 . Peak 

abundance occurred in May (59 . 2  cells/mL) ( Fig . 26e) . Mean stat ion 

abundance was significantly higher ( 44 . 7  cells/mL )  in the northern 

region of the lake ( Stat ions 5 7 , 64 , 77 )  as compared to the rest  of the 

lake ( 6 . 3  cells/mL) . 
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ZOOPLANKTON 

Annual Abundance of Z ooplankton Groups 

Species l ists ( Tables A10-A12 )  and summary tab les of abundance 

(Tables A13-A1 8 )  are in Volume 2 - Dat a Report . 

LAKE ERIE 

The zoop l ankton assemblage was composed of 7 1  z ooplankton taxa 

representing 40 genera from the Rotifera, Cladocera, Calanoida, 

Cyclopoida and Harpacticoid a .  The Rotifera posses sed the l argest 

number of t axa (34 )  and relative abundance ( 69 . 2% ) , while the s econd 

largest number of taxa ( 1 9 )  and abundance were observed for the 

Cladocera (Table  9 ) . In descending order o f  relative abundance were 

the Cyclopoida, Calanoida and the Harpacticoida . The nauplius stage 

of the Copepoda accounted for 15 . 8% o f  the total organisms obs erved . 

The average density for the s tudy period for all stat ions was 288 , 341  

organisms/m3 ( Table 10 ) . 

LAKE HURON 

The zooplankton assemblage consisted o f  61  z ooplankton taxa 

represent ing 3 3  genera from the Rot i fera, Calanoida, Cyclopoida, 

Cladocera and the Mys idacea . The Rot ifera possess ed the largest 

number of  t axa (3 1 )  and relative abundance ( 41 . 1% ) . In  descending 

order of relat ive abundance were the Calanoida, Cyclop oida, Cladocera 

and Mys idacea (Table 9 ) . The nauplius s t age o f  the Copepoda acc ounted 

for 23 . 1% of the total organisms observed . The average abundanc e  for 

the s tudy period for all stat ions was 46 , 230  organisms/m3 (Tab l e  

1 9 ) . 
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LAKE MICHIGAN 

The zooplankton assemblage cons isted of  73  zooplankton taxa 

representing 43 genera . The Rotifera posses s ed the largest number of 

taxa ( 33 ) and the highest relative abundance (59 . 7% ) . In descending 

order were the Calanoida. Cyclopoida. Cladocera, Harpacticoida and 

Cyclopoida ( Table  9 ) . The nauplius stage of  the Copepoda accounted 

for 21 . 3% of  the total organisms observed . The average abundance for 

the study p eriod for all stations was 6 9 , 353  organisms/m3 (Table 

1 0 ) . 

Seasonal Abundance and Distribution of Maj or Zooplankton Groups 

Seas onal analys es of zooplankton are of interes t .  Interpretation 

of seasonal trends of the 1 9 83 data set is limited because of the lack 

of  data from early May to  early August .  

LAKE ERIE 

Seasonally, abundance ( organisms/m3 ) app eared to be  unimodal 

increasing 

organisms/m
3 ) 

in late  April 

which continued 

to 

t ill 

a summer maximum (-400 , 000  

at least late August . By 

October , abundance decreased to  spring dens ities ( Fig .. 2 9 ) . The shape' 

of the s easonal abundance pattern of z ooplankton was determined by the 

overwhelming dominance of rotifers during the spring . summer and fall . 

The Cyclop oida increased in spring and began to decrease in abundance 

from Augus t  t o  late October . The Calanoida and Cladocera increased in 

abundance from April to Augus t  and then decreased into the fall (Fig . 

30 ) . 
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LAKE HURON 

B ecause z ooplankton data ( short hauls )  are available only from 

the late summer and early fal l ,  seasonal analys i s  is not warranted . 

LAKE MICHIGAN 

Zooplankton abundance was low in April (...t25 , 000 organisms/m3
) 

but appeared t o  progres s ively increas e t o  -150 , 000  organisms/m
3 

in 

mid-October and then decreased by late Oct ober ( Fig . 29) . In the 

sp ring , the Copepoda nauplii were the dominant group in the lake . By 

Augus t the Rotifera increas ed in abundance and remained the dominant 

group within the lake to the last  s ampling date in October . The 

pat tern of distribut ion exhibited by the Rotifera was not obs erved in 

the other z ooplankton groups (Fig . 3 1 ) . The Cyclopoida and Cladocera 

appeared to increase in abundance f rom April to mid-October when a 

s light decrease was evident by late October . The Calanoida appeared 

t o  have a bimodal distribution with a summer maxima and late fall peak 

( Fig . 3 1 ) . 

Geographical Abundance and Distribution of Maj or Z ooplankton Groups 

LAKE ERIE 

Zooplankton abundance during the s tudy period was greates t at the 

western end of the lake, decreased eas terly to Station 7 3 , increased 

to Station 7 9  and remained l evel at �20 0 , 000 organisms/m3 in the 

eastern end of the l ake (Fig . 3 2 ) . This  geographical distributional 

p attern was p rimarily determined by the abundance pattern of the 

Rotifera . The Calanoida cop ep ods  generally increased in abundance 

from west to eas t ,  while the Cyclop o ida  cop epods had a higher 
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abundance in the central bas in . The Cladocera and the nauplius stage 

of the Copep oda displayed no discernible geographical pattern . 

LAKE HURON 

The mean zooplankton abundance for the study period generally 

decreased from north to  s outh (Fig . 33 ) with the excep t ion of Station 

3 2 . Much of this geographical distributional p attern was determined 

by the abundance pattern of the Rot ifera . Calanoida abundance was 

lower in the north relat ive to the rest  of the lake . Mean Cyclopoida 

abundance was higher at the far northern and southern ends of the 

lake . Cladocera abundance was relatively s imilar from station to 

station on the north-south transect . 

LAKE MICHIGAN 

' In comparison to Lakes Erie and Huron , a geographical 

distributional pattern for z ooplankton in Lake Michigan, � if any 

existed,  was erratic .. There was a suggestion of decreas ing 

zooplankton abundance from north to s outh ( Fig . 34 ) . Rotifera in 

particular did decrease southward on the transect ,  while the Calanoida 

had app roximately twice the abundance in the s outhern half ( Stations 

3 4-6 ) than in the northern half ( Stations 7 7 -41 ) of the lake . The 

Cladocera ranged from only 1 , 000 to 2 , 0 0 0 /m3 except at S tation 6 4  

where a mean dens ity of �5 , 500/m
3 

was observed . No discernible 

trends in Cyclopoida density were observed . 

S iz e  Frequency Analysis 

Size frequency analyses were based on abundances obtained from 

each lake from the epilimnetic tows ( i . e .  short hauls )  and literature 
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values . of length for adult individuals .  

LAKE ERIE 

Eighty-four p ercent of  the zooplankton observed were in the 0 . 1  

to  0 . 3-mm size  clas s . The rotifers and naupl iu s  stage  of the copepod 

fell into this size clas s . Another peak (6 . 2% )  in s iz e  frequency was 

obs erved at the 0 . 6-mm size  clas s . The cop epodite s t ages o f  the 

c alanoid and cyclopoid cop epods were the predominant groups in this 

s iz e  category ( Fig . 3 5 ) .  

LAKE HURON 

Over 3 9% of  the z oop l ankton ob served were in the 0 . 6-mm size 

clas s . The calanoid and cyclopoid cop ep ods fell  primarily int o  this 

s iz e  clas s . Another large group of organisms ( rotifers and nauplii) 

(50% ) were obs erved in the 0 . 1  to 0 . 3  size clas s (Fig . 35 ) .  This  size  

class distribution varied little  with season or  geography . 

LAKE MICHIGAN 

S eventy-nine percent of  the z ooplankton observed were in the 0 . 1  

to  0 . 3  s ize  clas s . Rotifers and the nauplius  s t age of  the copepod 

were the p redominant organisms in thi s  s ize  range . Another peak in 

size frequency was obs erved in the 0 . 6-mm size  clas s . The calanoid 

and cyclopoid cop epods were the predominant organisms in this s ize  

class ( Fig . 35 ) . 

Regional and Seasonal Trends in the Abundance of Common Taxa 

LAKE ERIE 

Crustacea were arbitrarily clas s ified as common if they accounted 
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for > 0 . 1% of  the total abundance for the study period . Rotifer 

species were cons idered common if they accounted for > 1 . 0% of the 

total abundance . 

Copepoda 

Copepoda nauplii, Calanoida and Cyclopoida copepodite 

Seas onal distribution and summary of average and maximum density 

and relative abundance are presented in Table 1 1  and Fig . 3 6b and c .  

Cyclopoida 

Cyclop s  b icuspidatus thomas i  

O n  a yearly bas is .  this is the mos t important species o f  

crustacean z ooplankton i n  the Great Lakes (Balcer et al . 1984) . Mean 

abundance was 2 . 825 organisms/m3 representing 1 . 2% of the total 

abundance ( Table 1 1 ) . This was the dominant Cyclopoida . Maximum 

abundance 

Abundance 

( 1 1 . 809/m3 ) d 25 A · 1  S · 37  . occurre on pr1 at tat1on • 

3 was generally higher (mean stat ion abundance = 3 , 822/m ) 

in the central basin (Fig . 3 9b )  than in the western ( 1 , 254/m3 ) or 

eastern ( 1 , 63 6/m3 ) bas ins . 

Mesocyclop s  edax 

Mean abundance was 1 , 669  organisms/m3 representing 0 . 7% of 

the total abundance (Table 1 1 ) . Mean cruise abundances p eaked in 

early Augus t  at 3 , 960 organisms/m3 which agreed with most  workers 

(Balcer et al . 1984) . Maximum abundance was 1 4, 5 84 organisms/m
3 

at Stat ion 7 9  on 6 August .  Abundance was greater in the central and 

eastern bas ins (Fig . 40a) . 
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Tropocyc lop.s p:ra s i nus mexicanus 
67 

Average density in the short hauls ( ep ilimnetic tows ) was 7 48 

. I 3 
organ1.sms m • Dens ity was considerably higher in the long hauls 

3 
( 1 , 7 42lm ) .  Maximum abundanc e was 3 , 300 . I 3 

organ1.sms m in 

October at Station 9 .  Abundance increased dramatically from west t o  

east (Fig . 3 9c ) . Mean station abundances in the wes tern, central and 

eastern basins were 1 1 2 ,  6 1 7  and 1 , 1 0 4  organismslm3 , respectively . 

Peak abundance generally occurred in late summer and early fall . 

Calanoida 

Diaptomus oregonensis 

Balcer et al . ( 1984) rep orted this species as being mos t  abundant 

in the summer and fall . This agreed well with the 1 9 83 observat ion o f  

peak mean cruise abundances o f  3 , 55 8  and 5 , 505  organismslm3 o n  6 

and 2 2  Augus t  (Fig . 3 9a) . Abundance was greatest  in the central bas in 

(mean station abundance = 

and the eastern 

3 
2 . 385 lm ) as compared to  the west ern 

bas ins ( 2 , 0 1 1 lm
3 ) .  Mean abundance 

was 2 , 03 4  organisms/m
3 

making it the dominant Calanoida . 

Diaptomus siciloides 

In Lake Erie this species is one of the mos t  abundant calanoid 

cop ep ods  during the summer months , r anking s econd to D .  oregonensis 

(Davis 1 9 61 ) . Average abundance in July of 1967 was �1 , 7 10  

with peaks o f  15 , 800im3 (Rolan et . I 3 organ1.sms · m  ( Davi s  1968 )  

al . 1 973 ) in  1 97 1  near Clevel and . 

In 1983 mean density was 600 organismslm
3 

(0 . 2% of  the total 

organisms) with a maximum o f  1 3 , 33 4  organisms/m3 at Station 1 5  on , 

6 August ., No obvious geographical p attern was observed . but there i s  

a suggest ion that abundance i n  the wes tern and eastern bas ins was 



higher than in the central basin . Mean maximum seasonal abundance 

( 1 , 865 /m
3

) occurred in early August (Fig . 36a) . 

Cladocera 

Bosmina l ongirostris 

Abundance generally peaks in late summer or early fall (Balcer et 

al . 1 9 84)  which appears to agree with the 1 983 observat ions . Mean 

seasonal abundance ranged from 1 , 303 to 1 , 524  organisms/m3 from 

April t o  1 9  October . By 24  October,  mean seasonal abundance increased 

to 2 , 1 87 organisms/m3 (Fig. 3 8f ) . For the sampling period ,  mean 

s t ation abundance was higher in the west ern basin ( 1 , 939/m3 ) than 

in 
3 3 

the central ( 1 , 13 9/m ) and eastern bas ins ( 1 , 047 /m ) .  This 

p attern was especially noticeable  during the October maximum when the 

wes tern basin experienced cons iderably higher dens ities ( 6 ; 1 82/m3 ) 

than in the res t  of the lake (689/m3 ) .  Mean abundance for the 

sampling p eriod was 1 , 628  organisms/m
3 rep resenting 0 . 7% of the 

total organisms . 

Eubosmina coregoni 

Balcer et al . ( 1984)  reported that abundance can reach 47 , 000 

. I 3 
organ�sms m • In 1 9 83 mean abundance was 4 , 505 organisms/m3 

with a maximum of 64 , 3 84/m
3 

at Stat ion 57  in late  October .  Mean 

station abundance of the western basin ( 6 , 2 1 3 /m3 ) was greater than 

in at the rest of the lake ( 2 , 73 8/m3 ) .  Seasonally , two abundance 

peaks were evident in late August  and late October ( Fig . 3 6d) . This 

species was the dominant cladoceran in the lake contributing 1 . 7% of 

the abundance .  
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Chydorus sphaericus 

This species is  occas ionally abundant in Lake Erie 

( 3 , 000-3 0 , 000/m3 ) (Balcer et al . 1 984) . Mean abundance was low in 

1983 ( 47 6/m3 ) (Table  1 1 ) , but mean seasonal abundance was high in 

October ( 1 , 3 09/m3 ) (Fig . 36d ) . Maximum abundance was 

1 4, 902 /m3 at Stat ion 73 on 19 Octob er .  

Daphnia retrocurva 

This species is one of the most  abundant cladocerans in the Great 

Lakes . Densit ies of  3 4 , 000- 1 0 , 0 00 /m have been reported for Lake 

Erie with peaks in  abundance as early as June in  Lake Erie  (Balcer et  

al . 1 984) . Mean seasonal abundance was low in April and May, was high 

3 ( 7 , 1 5 0 /m ) 

36e ) . A 

from July to August and decreas ed in October ( Fig . 

maximum abundance of  6 9 , 542 organisms/m3 was observed at 

Stat ion 55 in the western basin on 19 October . Mean abundance was 

4 , 1 83 organisms/m3 representing 1 . 4% of the total organisms . 

Daphnia galeata mendotae 

Historically , this species has b een quite abundant ( average = 

with 3 p eaks of  2 7 0 , 000/m (Balcer et al . 1 984) . 

In 1 983 mean abundance was 4 , 055 organisms/m3 representing 1 . 5% o f  

the total biomass ( Table  1 1 ) . They were not present in April and May 

and first appeared in our samples  in early Augus t  (mean abundance for 

6 Augu s t  = 1 1 , 453 /m3 ) and decreased in abundance till October 

( Fig . 3 8e ) . The western basin had a lower abundance ( 2 9 8/ m3 ) than 

the rest of the lake ( 4 , 45 0 /m3 ) .  Maximum abundance was 60 , 15 1  

organisms/m3 at Station 1 8  on 6 August . 
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Diaphanosoma leuchtenbergianum 

In Lake Erie , Diaphanosoma is most  abundant in the wes tern bas in 

in July and in the east ern and central basins during the fall (Balcer 

et al . 1 984) . In the 1983 s ampling , an abundance peak was observed on 

2 2  August  ex = 
3 

4, 323 /m ) (Fig . 36e) . No obvious geographical 

pattern was obs erved . Mean abundance for the sampling period was 966 

organisms/m
3 

rep resent ing 0 . 4% of the total organisms (Table 1 1 ) . 

Rotifera 

Polyarthra vulgaris 

Mean abundance was 49 , 73 9  organisms/m
3 

represent ing 1 8 . 4% of 

the total organisms (Table 1 1 ) . Maximum abundance, attained was 

33 4, 3 1 7  . I 3 
organ�sms m at Stat ion 57  on 22  August . This  was the 

dominant zooplankter in 1983 . Mean seasonal abundance was highest in 

late  August 
,
( 87 , 804/m

3
) (Fig . 3 8a) . Dens ity decreased from the 

wes tern 
3 to the central (37 , 222/m ) to the eas tern 

basin ( 2 6 , 561 /m
3 ) .  

Polyarthra dolichoptera 

With a mean abundance of 8 , 3 29 /m
3

• this species contributed 

2 . 7% of the total abundance (Table 1 1 ) . Mean seasonal abundance 

peaked at 33 , 900 organisms/m3 in early May (Fig . 3 8a) . No 

geographical patterns were obs erved . 

Polyarthra maj or 

Mean peak seasonal abundance 

late summer and fall (Fig . 3 8b ) . 

3 (�10 , 000/m ) occurred in the 

Mean abundance for the s ampling 

period was 6 , 3 95 organisms/m
3 

with a maximum of 24 , 65 7 /m3 at 
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Stat ion 42 in late October . Abundance was s light ly higher in the long 

haul s ( Table 1 1 ) . 

Keratella cochlearis 

With a mean abundance o f  1 9 , 647 organisms/m3 , this species 

contributed 7 . 3%  of  the total organisms . With a maximum of 1 1 0 , 636  

. I 3 organ�sms m in May at Stat ion 60 , this was the third mos t  

dominant rotifer and species i n  the lake . Mean seasonal abundance 

reached a peak ( 42 , 490/m3 ) in August (Fig . 37 c) . Abundance in the 

western basin (24 , 7 09 /m3 ) was higher than in the central and 

eastern bas ins ( 1 2 , 83 7 /m3 ) .  

Keratella hiemalis  

With a seasonal mean abundance peak of 47 . 244 organisms/m3 in  

May . this  species app eared t o  be res tricted in  dis tribution to  the 

central b as in ( Fig . 42b ) . Mean abundance for the sampling period was 

1 0 , 70 1  organisms/m
3 with a maximum o f  1 2 7 , 000/m

3 
a t  Station 42 

in May ( Table 1 1 ) . 

Keratella crassa  

This species had a mean abundance of  5 , 3 84 organisms/m3 

during the sampling period rep resenting 1 . 8% o f  the total organisms 

( Table 1 1 ) . Maximum mean seasonal, abundance  ( 19 , 1 65 /m3 ) occurred 

in lat e  August  ( Fig .. 3 7 d) . A maximum of 97 . 000  individuals/m3 was 

observed on 22 August at Station 57 (Table  1 1 ) . 

Keratella earlinae 

Although this species was not a common species . its distribut ion 
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pattern was of interest .  This species generally had a res tricted 

geographical distribution to  the western b as in with only a few minor 

occurrences in the central bas in (Fig . 41 a) . 

Synchaet a  sp . 

Mean maximum seasonal abundance occurred in early August in the 

western basin . Abundance was low in the rest of the lake (Fig . 41b) . 

Mean abundance for the sampling period was 29 , 442 organisms/m3 

with a maximum of 3 7 0 , 000/m
3 

in early August at Station 60 . This 

species was the second most  dominant z ooplankton and rotifer in the 

lake contribut ing 9 . 5% of the abundance .  

Brachionus sp . and B .  caudatus 

mean 

Brachionus sp . contributed 3 . 0% of  the total abundance and had a 

abundance of 9 , 30 7  individual s/m
3 

( Table 1 1 ) . This species 

had the highest abundance (540 , 369/m
3 ) observed of a�y sp�cies in 

Lake Erie . Distribution was limited to  the extreme western end of the 

western b as in with maximum abundance in early August (Fig . 40b ) . 

Although B .  caudatus was not a common species , a similar distribution 

limited to western bas in was observed (Fig . 42c ) . 

Ascomorpha ecaudis and Ascomorpha sp . 

Maximum mean seasonal b iomass occurred in August ( 20 , 7 7 3 /m
3 ) 

(Fig . 3 8d) . Geographically , it was observed in the western and 

central bas in (mean stat ion abundance = 7 , 25 2 /m
3

) but not in the 

eastern basin .  Mean abundance was 6 , 446 individual s/m
3

• Seasonal 

distribution of a minor sp ecies Ascomorpha sp . is given in Figure 3 8d .  
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Notholca laurentiae 

Mean seasonal abundance peaked in early May at 20 , 632 

. I 3 
organ1.sms m • Geographically . abundance  was l ow in the eas tern 

basin (mean station abundance  = 1 207 lm3 ) as comp ared to  the 

western and 

3 abundance was 6 , 964lm • 

Notholca foliacea 

central bas ins 3 ( 6 3 83 lm ) .  Mean 

Abundance varied geographically with mean station abundanc e  low 

in the eastern basin ( 184 individualslm
3

) as compared to the 

western ( 10 , 3 5 7 lm3 ) and central ' bas ins (3 , 3 9 9 lm3 ) .  Maximum 

mean seasonal abundance occurred in May ( 1 8 , 5 83 lm3 ) (Fig . 3 7 £ )  

with abundance near z ero during the rest o f  the s ampling p eriod . Mean 

abundance was 5 , 402  organismslm
3 • 

Colletheca sp . 

Abundance was l ow in April and May , reached a peak (mean August  

abundance 

October . 

= 1 8 , 40Qim3 ) in mid-August and decreased by lat e  

Mean stat ion abundance was highest ( 5 , 9 1 7 lm3 ) in the 

central bas in (western bas in = 3 
2 , 1 58lm ; eastern basin = 

3 3 , 872 lm ) .  Mean abundance for the s ampling period was 5 , 40 2  

. I 3 
organ1.sms m • 

Kellicottia longispina 

Two maxima in abundance were observed ( Fig . 3 7 b ) . The c entral 

basin had 

3 
4 , 457 lm ) 

the highest abundance 

followed by the western 

basins (902lm3 ) • 

(mean 

3 ( 2 " 43 7 lm ) 

stat ion abundance = 

and eastern 
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Less  Common Species 

Graphical repres entations of  the seasonal abundance of the 

following less  common species are given : Asplanchna priodonta (Fig . 

3 6 f ) , Conochilus unicornis (Fig . 3 7 a) , Ploesoma sp . ( Fig . 37b ) , 

Keratella 

Polyarthra 

The 

quadrata (Fig . 3 7 c ) , Notholca squamala (Fig . 3 7 e) , 

maj or (Fig . 3 8b )  and Gast ropus s tylifer (Fig . 3 8c ) . 

following less common species of distribution were distinctly 

limited to 

Keratella 

Trichocerca 

the western b as in : Filinia 

earlinae (Fig . 4 l a) , Trichocerca 

multicrinis (Fig . 42a) . 

longiseta (Fig . 40c ) , 

cylindrica (Fig . 41c) and 
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LAKE HURON 

Crustac ea were arbitrarily class ified as common if they accounted 

for >0 . 1% o f  the total abundance for the s tudy p eriod . Rotife r 

species were considered common if they accounted for > 1 . 0% of the 

total abundance .  

Cop epoda 

Copepoda nauplii,  Calanoida and Cyclopoida copepodite 

Seasonal distribution and summary of  average and maximum density 

and relative abundance are p resente d  in Table  12 and Figures 43 c and 

d .  

Pyclop s bis cuspidatus thomasi 

This species is  one o f  the mos t  common and widely distributed 

cop ep ods  in North America . B alcer et al . ( 1984 )  reported this species 

as abundant in Lake Huron . In 1983 this was the dominant cyclopoid in 

Lak e  Huron accounting for 1 . 1% of the total abundance (Table  1 2 ) . 

Abundance 
3 

(53 3 /m ) was slightly higher at the extreme northern end 

of the lake ( St at ions 5 1  and 64)  than in the rest of the lak e  

3 
( 23 0 /m ) .  Mean maximum seasonal abundance ( 925 /m3 ) occurred 

in early August  (Fig . 43d ) . 

Tropocyclop s  p rasinus mexicanus 

Balcer et al . ( 1984) reported this species  as b eing p re s ent in 

Lake Huron s ince 1 967 . Abundance historically has peaked between 

Augus t  and November (Balcer et al . 1 984) . In 1 9 83 a maximum abundance 

(mean October density = 267/m
3

) was ob served in mid-Octobr  ( Fig . 

7 5  



43 e) . No obvious geographical pattern was noted . Mean abundance for 

the s ampl ing period was 1 0 9  . I 
3 organJ...sms m with a maximum of 

57 7 /m3 at S tat ion 15  in October (Table  1 2 ) . 

MesocycloES edax 

B alcer et al . ( 1984) reported this species as being most common 

in Lakes Erie and Michigan . In 1 9 83 this was the third most  common 

cyclopoid with a mean density of 1 1 5  organisms/m3 and a maximum 

dens ity of 930 organisms/m3 at Stat ion 1 2  in mid-August . Mean 

maximum 
3 s eas onal abundance occurred in Augus t ( 267 /m ) .  Abundance 

was slightly higher 3 south of  Saginaw Bay ( 99 /m ) compared to the 

area north of it ( 41 Im3 ) .  

Calanoida 

Diaptomus minutus 

This species has been found in all the Great Lakes but is most 

abundant in Lakes Huron ( Patalas 1 97 2 )  and Michigan (Gannon 1 9 7 2 ) . In 

the p resent study » it was the dominant calanoid with a mean abundance 

of 465 organisms/m3 representing 0 . 8% of the total abundance .  

Mean maximum 3 seasonal abundance (9 1 1 /m ) occurred in early August 

(Fig . 46a) . Abundance was low in the north and peaked at mid-lake 

( Stations 3 7 , 32 , 27 )  and in the southern region o f  the lake ( Stations 

1 2 , 9 , 6 )  ( Fig .. 46a) . Maximum dens ity of 2 , 063  organisms/m3 

occurred at Stat ion 6 on 4 Augus t .  

Diaptomas s ic il is 

Balcer et al . ( 19 84)  reported this species as occurring in low 

numbers in Lake Huron . D .. sicilis is  generally found during al l 

7 6  

') 



s easons s but the adults are generally most abundant between January 

and June . In 1 9 83 mean minimum seasonal abundance occurred in August 

with maxima at the first ( 20 8 /m3 ) and l as t  ( 295 /m
3 ) s ampling 

dates (Fig . 43b )  suggesting a winter maximum . No obvious geographical 

pattern was observed . 

Diaptomus oregonensis 

This species is mos t abundant in the Great Lakes in the summer 

and fall (Balcer et al . 1 984) . In 1 983 mean maximum seasonal 

abundance ( 17 7 /m3 ) occurred in August . Mean abundance for the 

sampling period was 1 40 . I 3 organ1.sms m with a maximum of 413 

individuals /m3 at Stat ion 1 2  on 1 9  August . 

Cladocera 

Daphnia galaeta mendotae 

This species was the dominant cladoceran in the lake with an 

average dens ity of 1 , 0 29 organisms/m3 rep resenting 1 . 4% of the 

total abundance ( Table 12)  • Maximum abundance was 

individuals /m
3 

at Stat ion 9 in early August . Two maxima were 

observed in 3 August (mean August  abundance = 1 , 3 28 /m ) and October 

3 ( 1 , 1 1 7 /m ) .  

Daphnia pulicaria 

Balcer et al . ( 1984)  noted that D .  pul ic aria has not b een 

observed in the Great Lakes . Evans ( 1985 ) recently reported that D .  

£Ulicaria was a new species dominat ing Lake Michigan . In 1 9 83 in Lake 

Huron, Daphni:_� pulicaria was obs erved to  be the third mos t  import an t  

cladoceran ( Table  1 2 ) e Mean abundance was 3 6 3  organisms/m
3 with a 
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maximum of 2 , 7 9 1  organisms/m3 at Stat ion 1 2  on 1 9  August . Mean 

maximum s easonal abundance occurred in mid-August  ( 73 0/m3 ) ( Fig . 

44a) . Mean stat ion abundance increased from north to south with a 

mean density for stat ions south of Saginaw B ey of � 1  

. I 3 organ�sms m • 

Daphnia retrocurva 

D .  retrocurva is most common in the nearshore zone of the 

Great Lakes appearing in the op en waters only during p eak abundance 

(Balcer et al . 1984) . In 1974-75 , McNaught et al . ( 1980 )  reported it 

as an uncommon species in Lake Huron . In 1 9 83 mean abundance was 

3 7 4/m • Abundance was generally low for the lake except for the 

far north where a maximum of 2 , 1 48 organisms/m3 was observed at 

Station 61 in mid-Augus t .  

Daphnia catawba 

Balcer et al . ( 19 84) did not list this species as a common or 

less  common species of the Great Lakes . In 1 9 83 it did not appear in 

the short hauls (Table 1 2 ) . However ,  a maximum abundance of 1 , 6 10 

. I 3 organ�sms m was observed from Stat ion 1 2  in August from the long 

hauls .  Mean maximum seasonal abundance was 442 organisms/m3 in 

mid-August . 

Holopedium gibberum 

Abundance along the wes tern s ide o f  Lake Huron ranged from 7-17  

individuals/m3 
(Basch et al . 1 9 80 ) . In 1 9 83 mean abundance of  5 8  

. I 3 organ�sms m with a maximum of  408/m
3 

occurred at Station 6 1  

in August . Mean s easonal abundance reached a maximum of 1 25 
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organ�sms m in early August . Mean s tation abundance was higher 

north of Station 3 7  (63 Im3 ) than south of it ( 8 . 6 /m3 ) .  

Rotifera 

Conochilus unicornis 

This col onial rot ifer was the dominant z ooplankter in 1 9 83 in 

Lake Huron ( 1 1 . 2% of the total abundance)  (Table  1 2 ) . Mean s easonal 

abundance peaked 3 in early August ( 10 . 927/m ) with abundance being 

higher north of Saginaw Bay (Fig . 47 a) . 

Kellicottia longispina 

With an average density of 2 , 088 individuals/m3 , this species 

contributed 8 . 6% o f  the tot al abundance . Maximum density was 

7 , 106/m3 in the short hauls $ However ,  a maximum density of 21 , 72 1  

. I 
3 organ�sms m was observed in the long hauls suggest ing that this 

species is found in higher dens it ies in the metalimnion and/ or 

hypolimnion ( Table 1 2 ) . Mean seasonal abundance peaked in early 

Augus t  (Fig . 47 b )  �ith abundance being slightly higher north of 

3 . 3 Saginaw B ay ( north : 1 , 2 82 /m ; south : 83 8/m ) .  

Keratella  cochlearis 

Mean abundance was 2 , 040 organisms/m
3 

representing 7 . 2% o f  

the tot al abundance ( Table  1 2 ) . Maximum abundance in the short haul 

( epilimnetic tow) 3 was 5 • 45 7 I m • which is considerably less  than 

the maximum abundance ( 1 8 ; 633 /m3 ) observed from the l ong haul . 

Mean s easonal abundance peaked at 3 , 5 2 1  organisms/m3 in early 

Augus t ( Fig . 44d} . 
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Polyarthra vulgaris 

Mean maximum seasonal abundance occurred in mid-August 

( 4 , 69 1 /m3 ) (Fig . 45b ) . This species accounted for 5 . 3% of the 

total organisms ( 2 , 955/m3 ) ( Table 1 2 ) . 

Gastropus stylifer, Synchaeta sp . ,  Colletheca sp . 

Average abundance and maximum abundance for these common species 

are presented in Table 12 . Mean s easonal abundance is presented in 

Figures 44c and 45 c .  

Les s Common Species 

The seasonal distributional patterns of less common species are 

presented in the following figures : Asplanchna priodonta ( Fig . 44c ) ; 

Kerat ella crassa,  K .  earlinae and K .  quadrata ( Fig . 44e) ; Notholca 

laurentiae , N .  squamula ( Fig . 44f ) ; and Polyarthra maj or , and � ·  

dol ichoptera ( Fig . 45a) . 
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LAKE MICHIGAN 

Crustacea were arbitrarily class ified as common if they accounted 

for >0 . 1% of the total abundance for the s tudy p eriod . Rotifer  

species were considered common if  they accounted for  > 1 . 0% o f  the 

total abundance .  

Copepoda 

Cop epoda nauplii . Calanoida and Cyclop oida copepodite 

Seas onal distribution and summary o f  average and maximum density 

and relative abundance are p resented in Table 13 and Figure 48c and d .  

Cyclopoida 

Diaptomus ashlandi 

D .  ashlandi has been reported as the dominant calanoid cop epod 

in the open 

individuals /m3 

averaged 699  

Stat ion 6 4  on 

early August 

waters of Lake Michigan u sually exceeding 1 . 000 

(Balcer et al . 1 984) . In 1 9 83 this species 
: 3 organ_isms/m with a maximum of 

3 
6 . 536/m  at 

3 Augus t .  

3 ( 2 . 243/m ) 

Mean maximum s eas onal abundance occurred in 

(Fig . 48a) . Contributing 1 . 1% of the 

total abundance s  this spec ies was the dominant calanoid copepod in 

1 9 83 . 

Diaptomus s icilis 

In Lake Michigan .  abundance declined between 1954 and 1968 (Wells  

1 970 ) . It  averaged l es s  than 1 0 0 /m3 in  the early 70 ' s  in  the open 

lake ( Gannon 1 97 2 ) . In 1 9 83 average abundance for the lake was 3 86 

organisms/m3 with a maximum of 4 . 200 individuals/m3 (Tab l e  1 2 )  
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at Stat ion 3 2  on 26 October . Mean maximum seasonal abundance 

( 1 . 282/m3 ) occurred in late October . Abundance was definitely 

higher in the s outhern half  of  the lake ( s outh of  Staton 3 2 )  in 

October (mean stat ion abundance = 2 . 3 2 7 /m3 ) (Fig . 5 1 a) . 

Diaptomus minutus 

Gannon ( 19 7 2 )  ranked this species as the second mos t  important 

calanoid in the early 1970 ' s .  Peaks in abundance may exceed a few 

thousand organisms per cubic meter (Balcer et al . 1 984) . In 1983 

average abundance was 167  . I 3 organ�sms m with a maximum of 

81 2/m
3 at S tat ion 5 6  in late April . No obvious geographical or 

s easonal pattern was obs erved (Fig . 48b ) . 

Diaptomus oregonensis 

D .  oregonensis was not collected from Lake  Michigan in 1927  

(Eddy 1 9 27 . Beeton 1 965 ) but by the 70 ' s  had become the mos t  common 

diaptomid in Green Bay (Gannon 1 97 2 )  and may often outnumber Diaptomus 

s icilis in the open waters of the lake (Wells  1960 ) . Peaks of 2 . 5 80 

individuals/m
3 

have been ob served in the summer in shallow areas 

of Lake Michigan (Howmiller and Beeton 197 1 ) . 

In 1 983 this species was the fourth most  important diaptomid with 

a mean abundance of  1 15 organisms/m3 • Mean maximum seasonal 

abundance was 1 67 organisms/m3 in early August  (Fig . 48b ) . 

Maximum abundance ( 1 . 0 1 8/m3 ) was observed at Stat ion 3 2  in late 

October .. 

L imnocalanus macrurus 

Gannon ( 19 7 2 )  reported this species a s  having a low abundance in 
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southern Lake Michigan . In 1983 a mean abundance of  13 8 

organisms/m3 occurred with a maximum of  1 . 725 organisms/m3 in 

April at Stat ion 2 2 . Mean seasonal abundance was higher in the spring 

( 25 7 /m
3

) than during the rest of the s ampling p eriod ( 1 7 /m
3

) .  

Mean stat ion abundance was low ( 26 /m
3

) at the far northern 

stat ions ( Stations 5 6 . 64. 7 7 )  as compared to areas south of Station 56  

( 15 5 /m3 ) .  

Cyclopoida 

Cyclops bicuspidatus thomasi  

On a yearly bas is .  this species is the mos t  important species of  

the crustacean zoopl ankton in  the  Great Lakes . In the p resent s tudy . 

it was the dominant cyclopoid contributing 1 . 6% o f  the total abundance 

ex = 
3 

1 . 1 40/m ) . 
3 Maximum abundance (5 . 2 1 6/m ) was observed on 

3 Augus t  at Station 66 . No obvious geographical pattern was obs erved . 

Two maxima in mean s easonal abundance occurred in early August 

( 1 � 895/m
3

) and October ( 1 . 45 9 /m3 ) (Fig . 48e )  .. 

Tropocyclop s  Erasinus mexicanus 

In 1 983 mean dens ity was 238  organisms/m
3 with a maximum o f  

3 3 . 600/m on 1 2  October at Station 10  ( Table 1 2 ) . Mean maximum 

s easonal abundance peaked in October at 669  organisms/m3 • 

Cladocera 

Bosmina longiros t ris  

In 1 983 mean abundance was 923  organisms/m3 contributing 1 . 4% 

of the total abundance .. This was the dominant c ladoceran in the lak� . 

Maximum abundance  was 
3 17 . 000/m (Table  12 )  which is considerably 
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less than the 29 , 000-230 , 000 reported in Green Bay and the nearshore 

of Lake Michigan by Gannon ( 1 97 4) and Stewart ( 1 974) o Mean s easonal 

maximum abundance occurred in early October 
3 

(3 . 422/m ) with 

abundance higher at the northern stations (Fig .. S lb) . 

Daphnia galaeta mendotae 

Densit ies of 100-6 , 000/m3 have been observed in Green Bay and 

the nearshore of Lake Michigan in the early 70 ' s .  In 1983 two mean 

seasonal abundance maxima were observed in July (7 41 /m3 ) and 

October 
3 ( 1 , 026 /m ) (Fig . 48f ) . Mean abundance observed was 445 

. 
3 organisms/m representing 0 . 6% of the total abundance  (Table 1 2 ) . 

No obvious geographical patterns were apparent . 

Daphnia Eulicaria 

Balcer et al . ( 19 7 4) noted that £• pulicaria has not been 

observed in the Great Lakes . Evans ( 1985 ) recently reported that D .  

pulicaria was a new species dominat ing Lake Michigan . A maximum 

abundance of  9 5 4  organisms/m3 was observed in July . 

In 1983 mean abundance 

with a maximum of 
3 6 , 100/m 

for 

at 

3 the samp l ing p eriod was 445/m 

Stat ion 26  on  3 August . Mean 

seasonal abundance p eaked in early August at 1 , 7 41 organisms/m3 

(Fig . 48f) . When both the short and long hauls are considered . this 

was the dominant species of DaEhnia in the l ake . 

Daphnia retrocurva 

Abundances were highest in the summer with maximum densities of 

2 , 000-24 , 000 organisms/m
3 

during the early 70 ' s  (Balcer et al . 

1984) . In 1 983 mean abundance was 1 15 /m
3 with a maximum of 
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3 3 , 200/m at Stat ion 5 on 1 2  October . Mean seasonal abundance 

peaked in early October ( 43 0 /m
3

) with density highest in southern 

Lake Michigan ( Fig . 5 1 c ) . 

Eubosmina coregoni 

In April and May , abundance was low .  B y  Augus t ,  density 

increased to  1 67 organisms/m3 and stayed at that approximate 

abundance to October ( Table 1 2 ) . Abundance was higher at Stations 64 

and 77 ( 356/m
3

) than in the res t  of  the lake ( 2 1 /m3 ) .  

Holopedium gibberum 

Abundance p eaks generally occur betwen June and October (Balcer 

et al . 1984) . Mean abundance 
3 

in 1983 was 86/m • Mean maximum 

s easonal abundance 
3 . 

( 67 9 /m ) occurred in early August  (Fig . 49a) . 

Abundance at Stations 64  and 7 7  (395 /m3 ) was much higher than in 

the rest of the lake ( 3 . 4/m3 ) .  

Rotifera 

Polyarthra vulgaris 

This species was the dominant z ooplankton in Lake Michigan 

contributing 2 0 . 8% of  the total abundance (i abundance = 

1 6 , 996/m3 ) .  Maximum abundance was 109 , 0 0 0 /m
3 

( St at ion 46 ; 17  

August ) . Abundance was low in April and May but by mid-August a mean 

abundance of 
3 42 . 598/m 

October ( Fig . 5 0 c ) . 

Syncha�!=a sp . 

was observed and maintained into early 

With 
3 

a mean seasonal abundance  peak ( 2 4 , 000/m ) in mid-Augus t  
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(Fig . 49c ) , this species had a mean abundance for t'he lake of 8 , 593 

organisms/m3 (Table 12 ) . 

Keratell a  cochlearis 

Mean abundance was 3 , 463 organisms/m3 in 1 9 83 representing 

7 . 2% of the total abundance (Fig . 50a) . Peak abundance occurred in 

3 late October (mean October abundance = 8 , 1 5 7 /m ) .  Abundance 

decreased from north to s outh ( Stat ions 64  and 7 7 ; i = 1 1 , 470/m3 ) .  

( Stations 40 , 46 , 50 ;  i = 2 , 5 7 4/m3 ) ,  ( St ations 5 , 10 , 1 7 , 22 , 26 , 3 2 ;  i = 

3 959/m ) .  

Polyarthra maj or 

Mean maximum seasonal abundance occurred in early October 

( 4, 856 /m
3

) (Fig .  SOb) . Mean abundance was 1 , 928 organisms/m3 

with a maximum of 23 , 000/m3 at Station 40 on 1 2  October .  This  

species repres ented 3 . 1% of  the total abundance .  

Kellicottia longispina 

Mean abundance was cons iderably higher in the long tow 

( 4, 688/m3 ) relat ive to the short tow ( 9 8 1 /m3 ) suggest ing that 

this species was more prevalent in the met alimnion or hypolimnion . 

Mean maximum seasonal abundance occurred in early August  (i = 

3 2 , 446/m ) .  

Conochilus unicornis 

Mean seasonal 

(Fig .. 49d) . Mean 

abundance reached a p eak in August  of 4 , 45 7 /m3 

abundance was 1 , 7 7 2/m3 with a maximum of 

2 1 , 000/m
3 on 1 7  Augus t  at Stat ion 7 7  ( Table  1 2 ) . Mean stat ion 
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abundance 3 was greater at Stat ions 64  and 7 7  ( 4 , 2 85 /m ) than in the 

3 rest of  the lake ( 93 2 /m ) .  

Other  Common Species 

Seasonal distribution patterns and mean and maximum abundances of  

the following species can b e  found in  Table 1 2  and the following 

figures : Polyarthra dolichoptera (Fig . 50b) . K eratel l a  crassa  ( Fig . 

50a) . Gastropus s tyl ifer ( Fig . 49e) . Coll etheca sp . (Fig . 49d) . 

Keratella earlinae ( Fig . 49f )  and Notholca squamula ( Fig . 52b) . 

Less Common Species 

S easonal distribution of the following les s common species can be 

found in the following figures :  Asplanchna priodonta (Fig . 49b ) . 

Keratella  quadrata ( Fig . 49f ) . Ascomorpha sp . and Ploesoma sp . ( Fig . 

50d) . and Notholca laurentiae and N .  f oliacea ( Fig . 5 2 a  and c ) . 

Differences B etween the Long and Short Zooplankton Hauls 

LAKE ERIE 

Polyarthra maj or.  Mesocyclops edax and Cyclop s  bicuspidatus 

thomas i  all had mean abundances that were higher in the long hauls 

( Tabl e  14 )  .. Abundances of  these species were greater in the 

metalimnion or hypolimnion . 

LAKE HURON 

S ignificantly higher abundances were observed in the long hauls 

of the following : Cop epoda nauplii, Keratella cochlearis , Synchaeta 

sp .. • Keratella earlinae ,  Keratella quadrat a and Notholca 

laurentiae (Table  15 ) . Only those organisms obs erved in either the 



l ong or the short hauls are listed in Table 16 .. Of particular 

s ignif icance are Daphnia catawba and Notholca squamula which were 

b oth abundant .. 

Lakes . 

LAKE MICHIGAN 

D .  catawba is  not a common species to the Great 

Abundance of Keratella quadrata was higher in the long hauls 

compared to the short hauls ( Table 1 7 ) . Organisms obs erved only in 

the short or long hauls are listed in Table 1 8 .  Most  of these 

occurrences represent a low abundance and define the rarity of  thes e 

species . 
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D I S CUSSION 

PHYTOPLANKTON 

LAKE ERIE 

Changes in Species Composition 

Divis ion Trends 

One hundred twenty-five to 150 species were ident ified in Lake 

Erie during 1 9 7 0  (Munawar and Munawar 1 97 6 ) , which was considerably 

lower than the 3 7 2 species observed in 1 9 83 . Also  contrary to the 

1970  s tudy was the fact that the B acillariophyta pos sessed the larges t 

number of  species in 1 983 rather than the Chlorophyta, which was the 

second largest group . The diat oms , rep resenting 5 9 . 9% of  the 

phytoplankton b iomass ,  were also  the dominant g·roup in the lake, while 

the green algae were the s econd most important group ( 14 . 9% of  the 

biomass ) .  

Species Trends - The �nt ire Lake 

Davis ( 1969b )  has reviewed the extens ive earlier work on Lake 

Erie , while Munawar and Munawar ( 19 82 ) , Gladish and Munawar ( 1 980 ) and 

Nicholls ( 1 981 ) discuss  the more recent material . Verduin ( 19 64) has 

concluded that before 1 95 0  the phytoplankt on of western Lake Erie had 

been dominated by Asterionella formosa.. Tabellaria fenestrata and 

�losira ambigua, whereas in 1 960-1961  the dominant forms had been 

Frag_ilaria capucina, Cos cinodiscus radiatus (probably Actinocyclus 

normanii f .  subsalsa) and Melosira binderana (= StephanodiscU:s 

binderanus ) . 

As with Munawar and Munawar ( 1976 ) , this study confirms Verduin ' s  
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observations that those sp ecies dominant before 1 95 0  (!. T .  

fenestrata and M. ambigua) continued to  be  less imp ortant in the 1 9 83 

collections . Actinocyclus normanii f .  sub sals a  ( = Coscinodiscus 

rothii) and Stephanodiscus binderanus were dominant in 1961-1962  

(Verduin 1 964)  and in  1970  (Munawar and Munawar 1 97 6 ) . Fragilaria 

capucina was a dominant in 1 9 6 1  but not in 1 97 0 .. By 1 983 Actinocycl1.1s 

normanii f .  sub sals a  was only the fifth mos t  prevalent diatom,  but on 

a numerical b asis  Fragilaria capucina was the s econd mos t  prevalent 

diat om in the western b as in and in the entire lake (Table 6 ) . 

Dominant 

Fragilaria 

microp orum, 

species in 1983 were Stephanodiscus niagara� , 

Coelastrum crotonensis , Fragilaria 

Cosmarium sp . ,  Cryptomonas 

capucina, 

eros a_, Rhodomonas var . 

nannoplanktica,  Anacy s t is marina , Oscillatoria subbrevis , 

Oscillatoria tenuis and Ceratium hirundinella  (Table  6 ) . Although 

occurrence of common and dominant species in 1 970  and 1 9 80 were 

similar ,  dramatic decreases in abundance of these species were evident 

( Table  20 ) . This pattern was evident in all three b as ins . Nicholls 

et al . ( 1 97 7b )  also  observed decreases in abundances of diatoms , 

especially during the 1 9 67-1975  period . 

Species Trend - Western Basin 

Hohn ( 1969 ) and Munawar and Munawar ( 1976 ) , working with data 

from the western basin of Lake Erie,  describ ed long-term changes in 

the diatoms from 1938  to 1970 . ( 1 )  

and Rhizosol enia 

Both workers agreed that 

eriensis had decreased in Cyclotella 

abundance 

s telligera 

during the per iod . Both species were present in 1983 but 

were still 

Stephanodiscus 

relatively unimportant ( Table  6 ) . ( 2 )  In 1 970 

binderanus and Stephanodiscus spp . ([B niagarae,  S .  
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tenuis  and S .  hantschii)_ were frequent but not £.. al_pinus which Hohn 

( 1969 ) observed to  be  dominant . In 1 983 , �·  binderanus , the dominant 

S .  niagarae and S .. alpinus were all abundant ( Table  6 )  in all three 

basins . 

Picoplankton 

The autotrophic nature of  picoplankton has been brought to  the 

attent ion of phycologist s  in recent years (Johns on and Sieburth 1 979 ,  

1 9 82 ; Li et al . 1 9 83 ) . In the Great Lakes , Sicko-Goad and Stoermer 

( 19 84)  presented the first evidence of picoplankton,  while Caron et 

al . ( 19 85 )  documented the occur�ence of photosynthetic chroococcoid 

cy�nob acteria (0 . 7  1 . 3 ]lm in diameter)  in Lake Ontario . The 

overwhelming abundance of  picoplankton (p robably Anacyst is marina and 

Coccochloris peniocystis , Table 6 )  in the 1983 s amples is of 

interest . Density in Lake Erie during 1 983 (x = 33 , 1 7 1  cells/mL ;  

maximum 3 
of  -141 x 10  cells/mL) was comparable t o  the p icoplankton 

density in Lake Ont ario which ranged from - 1  x 1 03 to 6 . 5  x 

cells /mL . Munawar and Munawar ( 1976 )  and Gladish and Munawar 

( 1980 ) , using comparabl e  enumeration and preservation techniques  in 

their s tudies , did not report these species . It  is reasonab l e  to 

assume that previous Great Lakes ' workers ignored this small-sized 

fraction when enumerat ing phytoplankton, believing them t o  be 

b acterial in nature . 

East-Wes t  Species Distribution 

Munawar and Munawar ( 1 9 7 6 )  and Davis ( 1969b ) have documented the 

existence of differences in species abundances from the central , 

western and eastern b asins . In 1983 a·t least 1 2  species had higher 
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abundances or abundances res tricted to the western bas in : Anacystis 

marina,  Oscillatoria tenuis and Oscillatoria limnet ica ( Fig . 

1 6 a-c ) ; Oscillatoria subbrevis ( Fig . 1 7 a  and b) ; Cryptomonas erosa,  

Fragilaria crotonensis and Tabellaria flocculosa (Fig . 1 8a-c)  and 

Melos ira granulata (Fig . 1 9 ) , Fragilaria capucina and Stephanodiscus 

binderanus . 

s �pl� 

Six species Coelospharium naegelianum. 

Rhodomonas minuta var . nannoplanktica, 

Pediastrum 

Peridinium 

aciculiferum, Stephanodiscus niagarae and Scenedesmus ecornis ( Fig . 

1 7 c )  had geographical abundance patterns with maxima i n  the central 

basin . Only Peridinium aciculiferum and Staurastrum paradoxu� were 

more abundant in the eastern b as in .  

Numerically , phytoplankton abundance was greater in the western 

basin (Fig . 8 ) . Biomas s was also greatest in the .western b as in in 

April , May and June . However ,  for the study period . average biomas s 

was s imilar in the wes tern and central b as ins ( Table 2 1 ) . This 

contradiction was due to the greater abundance being caused , in part , 

by the greater abundance of Anacystis  marina in the western biomass 

which contr ibuted little to the b iomass because of its small s ize . 

However, numerically the Bacillariophyta,  Chlorophyta ,  Chrysophyta and 

Cryptophyta all possessed a general pattern of decreas ing abundance 

from west t o  east for the s tudy p eriod . 

Indicator Species 

Munawar and Munawar ( 1982 ) concluded that the species of 

phytoplankton found in 1 970  usually occurred in mesotrophic and 

eutrophic condit ions . In 1 983 a s imilar conclusion could b e  drawn 

even though algal b iomass had decreased substantially ( see next 

section) . Common species included eutrophic indicators (Fragilaria 
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capucina, Melosira granulata .  Peridinium aciculiferum. Pediastrum 

s implex .  S cenedesmus 

( St ephanodiscus 

flocculosa) . 

niagarae .  

ecorni s )  and 

Fragilaria 

mes otrophic indicators 

crotonensi s .  Tabellaria 

A mesotrophic-eutrophic des ignation agree d  reasonably well with 

the t rophic s t atus as  determined by the biomass clas sification s cheme 

o f  Munawar and Munawar ( 19 8 2 ) . With a mean biomass  o f  1 . 36  g/m3 

for the s tudy p eriod for the entire lake . Lake Erie would be 

class i fied as mesotrophic . 

Historical Changes  in  Community Biomas s 

A very l arge and consistent increase in the total quantity of 

phytop lankton in the central b as in occurred between 1 927 and 1 964  

(Davis 1 964.  1 969b ) . From 1 9 67 to 1 97 5  a· decline in the nearshore 

phytop lankton of the wes tern b as in was evident (Nicholls et al . 

1 977b ) . Similarly from 1970  to  1 9 80 .  a number o f  the common species 

had decreased in b iomass ( Tabl e  20 ) . and the total phytoplankton 

biomas s  for all three bas ins had decreas ed dramatically ( Fig . 53 ) . 

The historically highly p roduct ive western basin (Munawar and Burns 

1 97 6 )  has had. in particular . a steady decrease in bioma s s  from 1 958 

to 1 9 83 (Table 22 ) . In fact , the 1 983 mean biomass for the west ern 

b as in was s imilar to the central basin (Tab l e  2 1 ) . The decrease 

appears to  b e  correlated with reductions in phosphorus l oading when 

average phosphorus loading from the Detroit River in western Lake Erie 

decreased from about 75 metric t ons/day during the 1 96 8-1970  period to 

about 35 metric tons/ day by the early 1 9 7 0 ' s  and was further reduced 

during 1 97 0  and 1 97 9  (Nicholl s  1 981 ,  Great Lakes Water Quality �oard 

1. 9 74 ,.  Yaksich et al .. 1 9 85 ) . 
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LAKE HURON 

Changes in Species Composition 

The literature pertaining to phytoplankton of the offshore waters 

of Lake Huron is  spars e .  Fenwick ( 19 6 2 ,  1 968 )  s ome 

qualitative data.  and Parkos et al .. ( 19 6 9 )  listed species observed . 

Quantitat ive data from a s ingle offshore station from 1 9 7 1  exists  

(Munawar and Munawar 1 9 8 2 .  Vollenwider et  al . 1 97 4) . Stoermer and 

Kreis ( 1980 ) reported on an extensive s ampling p rogram in s outhern 

Lake Huron including Saginaw Bay during 1 9 7 4 and provided an extensive 

bibliography on Huron algal research . An int ens ive s tudy of the 

ent ire lake basin was performed in 1 9 80 ( Stevenson 1985 ) . 

Since 1 97 1  diatoms have been the dominant divis ion . Dominant 

diatoms in 1 9 7 1  included species of Asterionella }ormosa.  A.  

gracillima, Cyclotella 

michiganiana.  Melosira 

c . glomerata.  C G  ocellata.  C �  

islandica and M. granulata .  In addition. 

species such as Fragilaria crotonenis and Tabellaria fenestrata were 

common, while cryptomonads , such as Rhodomonas minuta and Cryptomonas 

erosa,  contributed very heavily during different seas ons . 

The following s imilar common diatoms were observed in 197 4 and 

1 983 : Asterionella formosa,  Cycl otella comensis , c .  

michiganiana, 

fenestrata_. _ 

fxclotella 

T .  

C .  . ocellata,  Fragilaria crotonensis., Tabellaria 

flocculosa var . l inearis  and Rhizosolenia sp  • •  

stelligera and Synedra filiformis were present in 1 9 83 

but were not as common as the 1 97 4  s outhern Lake Huron plus  Saginaw 

Bay dat a .  Melosira islandica was more p revalent in 1 9 83 than in the 

1 97 4 data b as e .  

Both Cryptomonas eros a and Rhodomonas minuta var .. 

nannoplanktica were dominant in 1 97 1 .  197 4 and 1 983 . Dominant 
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chry sophytes in 197 1 were D inobryon divergens and Chrysosphaerella 

longisEina .. In  1 9 83 these two species were common along with Q .  
cylindricum and D .  social e  var . americanum (Table 6 ) . Haptophytes 

were also numerically abundant . In general , c .  s telligera and 

Synedra filiformis  decreased  in abundance after 1 9 7 4, whil e  M .  

islandica, D .  cylindricum and D .  s ociale var . americanum have 

increased in abundance . 

Picoplankton 

The autotrophic nature of  picop lankton has been brought t o  the 

attent ion of phycologists in recent years (Johns on and Sieburth 1 979 , 

1 982 ; Li et al . 1 9 83 ) . In the Great Lakes , Sicko-Goad and S toermer 

( 1984)  presented the firs t evidence of p icoplankt on in the Great 

Lakes , while Caron et al . ( 19 85 )  documented the occurrence of 

phot osynthetic chroococcoid cyanobacteria ( 0 . 7  - 1 . 3 pm in diameter) 

in Lake Ontario . The overwhelming dominance o f  picoplankton (probably 

Anacystis marina and Coccocholoris peniocystis , Table 7 )  in the 1983 

samples is of  int�rest . Dens ity in Lake Huron ranged from � 6  x 

to 5 . 5 X 103 , cells/mL ,  which was l ower but comparable to 

picoplankt on abundance in eutrophic Lake Ontario ( range = - 1  x 1 03 

to  6 . 5  x 1 03 cells/mL ) (Makarewicz 1985 ) . Both Stoermer and Kreis  

( 1 980 ) and Munawar and Munawar ( 1982 )  did  not rep ort these species . 

I t  is  reasonable to assume that p revious workers ignored this 

small-siz ed fraction when enumerating phytoplankton,  believing them to 

be bacterial in nature . 

Dominant and Indicator Species for the Entire Lake 

Dominant diatoms in Lake Huron in i 9 83 were Rhizosolenia sp . and 
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Tab ellara flocculosa (biomass ) and 

(numerically ) . Four species of comensis , 

C .  kuetzingiana var . planetophora and C .  ocellat a) represented 9 .. 47% 

of the total biomass (Table  7 ) . Excep t  for C .  comensis . whose 

ecological affinit ies are poorly unders tood ( Stoermer and Kreis 1 980) . 

these sp ecies are as sociated with oligotrophic or mesotrophic 

condit ions . Similarly. Tabellaria flocculosa is  commonly associated 

with mesotrophic conditions (Tarap chak and Stoermer 1 97 6 ) . 

Dominant 

americanum. D .  

as sociat ed with 

chrysophytes included Dinobryon sociale var . 

divergens and D .  cylindricum. which are often 

several small members of the genus Cyclotella 

( Schelske et al . 1 97 2 .  1 97 4) included in the classical oligotrophic 

diatom plankton association of Hut chinson ( 1967 ) . Dominant 

cryptophytes . cyanophytes and dinoflagellates were Rhodomonas minuta 

var . nannoplanktica.  

Ceratium hirundinella . 

Cryptomonas Anacystis marina and 

Because of the limited number of studies of the Lake Huron 

offshore phytop l ankton assemb lage ,  there was also  a limited basis  for 

evalutat ing long-term effects of  eutrophication . Those studies 

available (Nicholl s  et al . 197 7 a, Schelske et al . 1 97 2 ,  1 97 4) 

indicated that the waters  of northern Lake Huron generally contained 

phytoplankton assemblages indicative of oligotrophic conditions . The 

des ignat ion of the offshore waters of southern Lake Huron as 

oligotrophic based on phytoplankton composit ion in 1 9 83 was not unlike 

the trophic status suggested by Stoermer and Kreis ( 19 80 )  for the 

offshore waters in 1 97 4 .  This  agreed reasonab ly well with the trophic 

status as determined by the b iomass  class ificat ion scheme of  Munawar 

and Munawar ( 19 82 ) .. With a mean biomass of  0 . 3 8  g/m3 ( range = 
u 
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0 . 14 to  0 . 75 )  for the study p eriod. Lake Huron would be  class ified as 

oligotrophic .. 

North-South Distribution 

Regional variat ion in water quality was indicated by standing 

crop and species composition . The mean phytoplankton abundance for 

the sampling period decreased from north to south to Station 15  ( Fig . 

10 ) . At Stat ion 15  in s outhern Lake Huron, abundance increased and 

remained high into the extreme southern end of Lake Huron . Much of 

this geographical p attern was determined by the high numerical 

abundance of Anacystis marina . 

The north-south pattern s t ill existed,  however, when bioma s s  was 

considered . The diatoms , in particular , had a similar geographic 

patt.ern account ing for much of this increase in the northern area 

(Fig . 56 ) . D iatoms having a dis t inctly higher abundance and biomass 

at the northern stations were Asterionella formosa  (Fig . 23 a) , 

Cyclotella comensis . c .  comta and C .. ocellata . Other species 

having a higher bio�ass  in the northern stat ions were Coelosphaerium 

naegelianum and D{nobryon s ociale var . americanum . Except for  £e 
comensis , whose  ecological affinities are poorly understood or known, 

the other diatom species common in the north during blooms ( �. 
C .  ocellata, A .  formosa)  are ass ociated with mesotrophic or 

oligot rophic c onditions . 

Stoermer and Kreis  ( 1980 )  suggest ed that local regions in the 

northern part of the lake may have shown the effect s  of nut rient 

stres s . However, these  regions did not app ear to develop the 

populations tolerant of highly eutrophic conditions . Our data also 

suggest that eutrophic conditions were not found . However , the higher 
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b iomass and the greater p revalence of  Asterionella formosa at the far 

northern stat ions sugges ted a more p roductive s tatus for the northern 

region . This may b e  caused by transport of  the more productive waters 

of Lake Michigan into Lake Huron . The phys ical t ransport o f  

populat ions by water currents from Lake Michigan into Lake Huron 

through the Straits of Mackinac has been demonstrated ( Schelske et al . 

1 976 ) . 

The higher abundance of  phytoplankton (Fig . 1 0 ) , especially the 

higher b iomass south of Saginaw Bay ,  was the result of higher biomass 

of diatoms in April and May . Diatoms with a higher b iomas s in this 

region were Asterionella  formosa,  Cyclotella ocellata, Fragilaria 

Rhiz osolenia sp . and Tabellaria crotonensis , Melosira islandica,  

flocculosa var . linearis . There are at least  two pos sible causes for 

the higher b iomass  observed in April and May south of Saginaw Bay :  

( 1 )  transport of plankton from the historically more p roduct ive 

Saginaw Bay or ( 2 )  higher nutrient loading to southern Lake Huron . 

B ecaus e of the s ampling des ign of  the 1 9 83 s tudy , it is impossibe  'to  

evaluate transport . In prior years though , tranport from Saginaw Bay 

af fected mid--lake stat ions ( Stoermer and Kreis 1980 ) . 

More recently , Stoermer and Theriot ( 19 85 )  suggested that the 

direct effects of phosphorus-stimulated phytoplankt on overproduction 

in Saginaw Bay on the rest of the Lake Huron ecosystem have been 

substantially mit igated . In part icular . the inj ection of 

eutrophicat ion-tolerant populations from Saginaw Bay to Lake Huron has 

decreas ed .  This suggests  that other species tolerant of less 

p roduc t ive waters may currently be  t ransported from the Bay to Lake 

Huron . The 1 9 83 phytop lankt on composit ion of the s outhern basin 

sugges t ed a slight degradation of  these waters  from 1 97 1 . St_evenson 
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( 1985 ) concluded s imilarly in 1980 . Further study and a different 

sampling design would be neces sary to evaluate the cause of the higher 

b iomass observed in southern Lake Huron in 1983 . 

Historical Changes in Community Abundance and Biomas s  

Quantitat ive phytoplankton data exist f o r  the offshore waters  o f  

Lake Huron f rom a t  least 1 97 1 . The collect ions of  Stoermer and Kreis 

( 1 980 ) were from 44 stations in southern Lake Huron and Saginaw B ay .  

Phytoplankton were concentrated on millipore filters rather than by 

the settling chamber procedure used in this study . Thus . the sets  of 

data were not strictly comparable .  However ,  some patterns  are 

suggested (Fig . 54) . Abundances in the early spring and late summer 

and late summer/early fall of 1977  and 1 983 were s imilar . but 

abundances during l ate  May and early July of 1 9 83 were considerably 

lower than those  during 1 97 4  in s outhern Lake Huron . It  is dif ficult 

to conclude whether these differences were apparent and due t o  

different enumeration t echniques  o r  were related to the decrease in 

transport of phytoplankton from Saginaw Bay due to phosphorus 

mit igat ion efforts ( Stoermer and Theriot 1 985 ) . 

Munawar and Munawar ( 1 982 ) collected with a 20-m integrating 

sampler f rom April to December of 1 97 1 .  Because  Utermohl ' s  ( 19 5 8 )  

procedure f o r  enumerat ion of algae was employed, these data offered a 

better comparison to  the 1 983 data . Seas onal b iomass data for only 

one offshore s tat ion of Lake Huron was available (Munawar and Munawar 

1982 ) ( Fig . 5 5 ) . Average stat ion biomass on all sampling dates in 

1983 were lower than every sampling date in 1 9 7 1 . A comparison o f  the 

maximum value of the range of the 1983 biomass values on each sampl ing 

date with the 1 9 7 1 biomass data was strikingly s imilar . Also s imilar, 
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except at the low range .  was the seasonal range of  b iomass values in 

1 97 1 ( 0 . 4  0 . 7 9 3 g/m ) (Munawar and Munawar 1 9 82 )  and in 1 9 83 

( 0 . 14 
3 Again the 0 . 75  g/m  ) . suggest ion is an overall 

improvement in water  quality bas ed on species composition and a 

decrease in biomass .  However . caution is required b ecause of the 

necess ity to compare to one offshore stat ion from 1 97 1 . 



LAKE MICHIGAN 

Changes  in  Species Composition 

Although an extensive l iterature on Lake  Michigan phytoplankton 

exis t s  [see  Tarapchak and Stoermer ( 1 97 6 )  for a review to  the earlier 

literature] , 

the offshore 

the establishment of long-term trends of  phytopl ankton in 

waters is  difficult due to the widely varying 

methodologies employed . However ,  s tudies in 1 962-63 and 1 97 6-77 by 

Stoermer and Kopczynska ( 1967 a  and b) and Rockwel l  et al . ( 1980 ) , 

respectively , utiliz ed a settling chamber p rocedure s imilar to  the 

technique used in this s tudy . The 1 96 2-63 s tudy was limited to the 

southern bas in ,  while  the 1 97 6�77 study is conservative in its 

abundance estimate b ecause a magnification of  only 400x was used for 

enumeration . 

Division Trends 

There i s  no doubt that diatoms have d ec reased in dominance in 

Lake Michigan 

phytoflagellate s  

since the 

dominated 

1 9 6 2-63 s tudy . In  the 1 9 7 6-77 s tudy ,  

at virtually all stations . I n  1 9 83 the 

blue-greens dominated numerically by virtue of the high abundance of 

the p ic oplankton which were not counted in previous studies . However , 

in addition to  the cyanophytes , both the crypt ophytes and chlorophytes  

were still numerically more important than the diatoms (Table 5 )  in 
1983 . The numerical decline o f  the diatoms is  p robably related t o  the 

high phosphorus, loading and concomitant s ilica depletion (Schle sk e  and 

Stoermer 1 97 1 ) . On a biomas s bas i s ,  however .  diatoms wer e  the 

dominant group in 1983 . 
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Species Trends 

Evaluat ion of changes in species  is difficult because many of the 

earlier  workers did not rep ort the abundances actually observed; 

Qualitat ive · Comparisons were s imply made . Dominant diatoms in 1 9 83 

included the numerically dominant Cyclotella �nsi s ,  Fragilaria 

crot onensis  and Melosira italica sub sp ..  subarctica ; on a biomas s 

basis , Tabellaria flocculosa was predominant ( Tabl e  8 ) . Of the 1 9 83 

dominant diatoms . only Fragilaria crotonensis  and perhaps T .  

flocculosa were maj or comp onents of the diatom as semblage in 1 96 2-63 .. 

· Stoermer and Kopczynska ( 19 6 7 a) noted taxonomic difficulties with 

Tabellaria and noted that most  p opulations of Tabellaria "are probably 

to b e  referred to T .  fenestrata The dominant species of 

Cyclotella and Melosira in 1962-63 were C .  michiganiana and M .  

islandica . 

Rockwell et al . ( 1 980 ) reported that Cyclotella spp . were common 

in 1 97 7  but were never dominant . The dramatic decrease in s ome 

species of Cyclotella,  such as C ..  michiganiana and .£• stelligera• 

which were offshore dominants in Augus t  of 1 97 0 ,  is presented in Table 

23 . c .. comensis . b elieved to b e  tolerant of higher nutrient and 

lower silica concentrations than most  members of this genu s ,  is  

currently the  numerically dominant diatom in the offshore . 
) 

A change in prevalence of  species o f  Melosira was evident .. M .  

islandica was dominant in 1962-63 . In 1983 M. islandica was p re s ent 

(i = 1 2 . 1  cells/mL ) , but M .  

cells/mL) was more abundant . 

italica sub sp . subarctica (i = 37 . 6  

S imilarly . Synedra acus was common 

throughout the s outhern b as in in 1 9 7 7  (Rockwell  et al . 1 9 80 )  but in 

1 9 83 represented  only 0 . 1% of the total cell s . 
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R .  eriensis  had app arently declined in abundance .  I n  May of  

1 96 2-63 . relatively high ( 100  cells/mL )  p opulations were observed in 

s outhern Lake Michigan ( Stoermer and Kopczynska 1967 a) . During May 

and June of  1 970 . mean abundances for offshore stations were 63  and 

6 1 1  cells/mL . respectively (Holland and B eeton 1 9 7 2 ) . Rockwell et al . 

( 1 980 ) reported a mean density of 28 . 7  cell s/mL for R .  eriensis  

during June of 1 9 7 7 . Abundance in 1983 was 2 . 6  cells/mL for the 

ent ire lake . A bloom ( 133  cells/mL) in the far northern station 

( Station 7 7 )  did occur in Octob er .  

Ankistrodesmus falcatus increased in abundance to 1977  and had 

decreased by 1 983 . Ahlstrom ( 1936 )  reported it as rare . but Stoermer 

and Kopczynska ( 1 96 7 a) noted that it had increased by 1 96 2-63 ( range = 

20-60 cells/mL ) . Rockwell et al . ( 1980 )  sugge s t ed that by 1977  it had 

increased further ( range = 20-6 10 cell s/m.L) •· In 1983 this species was 

observed only once during the s tudy at Stat ion 32 ( 6 . 5  cells/mL ) . 

Dominant chrysophytes in 1 962-63 were Dinobryon divergens . D .  

cylindricum and D .  social e .  which were als o  the c ommon species in 

1983 . Rockwell et al . ( 1 980 ) reported these  species as dominant or 

subdominant often · in the o f fshore . D .  sociale var . americanum was 

the prevalent species of Dinob ryon in 1 9 83 . However. the haptophytes 

were numerically the dominant group . 

c .  

D ominant cryptophytes included Crypt omonas � var . reflexa , 

erosa and Rhodomonas minuta var . �annopl anktica . Stoermer and 

Kopczynska ( 1967b)  and Stoermer ( 19 7 8 )  reported these  species as 

uncommon in Lake Michigan, but Vollenweider et  al . ( 19 7 4) noted these 

species as c ommonly found . , S imilarly . Munawar and Munawar ( 19 75 ) , 

Claflin ( 1975 ) and Rockwell et  al. ( 1980 )  had reported f.· erosa and 

R.. minuta var . nannoplanktica to be dominant . abundant and p erhaps 
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increasing in numb er . From our 1 983 s tudy� it is  that C .  

erosa  was  numerically uncommon but on a b iomass bas is was the  s econd 

mos t  important cryptophyte ( Table  8 ) . Evaluation of abundance of R .  

minuta in earlier s tudies was not p o s s ible  b ecause  it was grouped into 

phytoflagellates , flagellates or s imply Rhodomonas .. What can be  said 

about Rhodomonas minuta var . nannoplanktica is that in 1 983 it was 

the dominant cryptophyte on a numerical and biomas s basis . 

Oscillatoria limnetica has b ecome more prevalent in the lake . 

Ahls trom ( 1 936 )  and Stoermer and Kop czynska ( 19 67 a) l isted 0 .  

mougeotii as the only species of this  genus abundant in their 

collections . Stoermer and Ladewski  ( 19 7 6 )  rep orted that 2 ·  l imnetica 

had generally increased in abundance in Lake Michigan . Rockwell et 

al . ( 1 980 ) observed that 0 .  limnetica was common throughout the bas in 

in April and June and was esp ecially abundant in September of 1 97 7  at 

c ertain stations . Not considering the picoplankton ,  which were not 

counted in previous studies ,  0 .  limnetica was the dominant offshore 

b lue-green algae in 1 983 (Table  8) . 

P icoplankton 

The autotrophic nature 

attention of phycologists 

of picop l ankton has �en brought to  the 

in recent years ( Johnson and S ieburth 

1 97 9 . 1982 ; Li  

Stoermer ( 19 84) 

Caron et al . 

et  al .. 1 9 83) .. In  the Great Lakes , Sicko-Goad and 

p resented the first evidence of p icoplankton, while 

( 1985 )  documented the occurrence of  photosynthetic 

chroococcoid cyanobacteria (0 . 7  - 1 . 3 pm in diameter)  in Lake Ontario . 

The overwhelming abundance o f  picoplankton (probab ly Anacystis marina 

and Coccochloris  peniocystis)  ( Tab l e  8 )  in  the 1 9 83 samples is of  

interes t . Densities in Lake Michigan (i = 23 , 607 ; maximum of  1 x 
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103 cells/mL) were comparable  to the p icoplankton densities in 

Lake Ontario which ranged from - 1  x 103  to 6 .. 5 x 103  cells/mL .  

No other researchers on Lake Michigan have routinely reported these 

species . I t  is  reasonable to  assume that p revious Great Lakes ' 

workers , believing the p icoplankton to b e  bacterial in nature , ignored 

this small-s ized fraction when enumerat ing phytopl ankon . 

I ndicator Species 

A comparison of modern and historic records by Stoermer and Yang 

( 1970 ) indicated that taxa characteristic of disturbed situations are 

rapidly increasing in relat ive abundance in Lake Michigan . In the 

nearshore area , a shift in oligot rophic forms to forms which dominate 

under eutrophic c onditions was evident . Occurrence of certain 

eutrophic forms were also evident in offshore waters ( Stoermer and 

Yang 1 970 ) . Dominant diatom species in the offshore waters in 1983 
were Cyclotella comensi s ,  · C . comta, Tabellaria flocculo sa, 

Fragilaria 

T .  

crotonensi s  and Melosira italica sub sp . sub arctica . c .  

flocculosa  and F .  crotonensis are meso trophic forms , 

while the ecological affinit ies of C .  comensis  and M .  italica are 

poorly understood . 

North-South Distribution 

Regional 

geographical 

variation 

variation 

in water quality was indicated by the 

in abundance  and the variable species 

composition . The mean stat ion phytoplankton abundance for the 

sampling p eriod generally decreased from north t o  s outh with two small 

peaks at Stations 41 and 6 at the most  s outhern sampling point ( Fig . 

12 )  • Much of the increase was due . t o  p ic oplankton abundance .• 

1 0 5  



However , diatoms , cryptophytes , chrysophytes and chlorophytes all had 

higher abundances at the northern stat ions ( Stations 7 7  and 64)  and at 

the s outhern station ( Stat ion 6 ) . The p eak at Stat ion 41 was 

primarily due · to  chrysophytes but als o  to cryptophytes and 

chlorophytes . 

Species having a dist inctly higher abundance at the northern 

s tations were Tabellaria flocculosa,  Tabellaria fenestrata,  

Fragilaria vaucheriae , Fragilaria crotonensis , Cyclotella comta,  

c .  comensis . 

Coelosphaerium 

Chroomonas 

paegelianum .. 

norstedtii , 

Except 

Oscillat oria agardhii and 

for c .  comensis , whose  

ecological affinit ies are  poorly known, the other diatom species 

common at Stat ions 64  and 77 are generally associated with mesotrophic 

conditions .. The peak in abundance at Station 41 was primarily due to  

haptophytes and Dinob;yon cylindricum . B es ides p icop lankton, the 

peak at Station 6 at the far s outhern end of the lake was due to  

increases in  Dinobryon s ociale var o americanum, D .  divergens and 

species of hap tophytes . 

Species composition and abundance suggest that the far northern 

stations , in part icular,  showed s ome indicat ion of nutrient stres s . 

There are at l east two pos s ible causes for the higher b iomass observed 

north of  Green Bay :  higher nutrient loading to  these northern waters 

and the t ransport of  plankton from the historically more p roduct ive 

Green Bay .. Because of the s ampling design of the 1983 s tudy , it is  

impos s ible to evaluate transport . Water that does  escape  the b ay mos t  

commonly flows s outh along the Wisconsin shore . However .  high 

conductivity values in north-central Lake Michigan have been 

attributed to Green Bay ( St oermer and Stevenson 1980 ) . Als o ,  

substantial exchange may exist b ecause the B ay d e  Noc complex alone 

106 



has b een est imated to  contr ibuted 1 2% of  the total phosphorus l oaded 

to Lake Michigan (Upchurch 1 97 2 ) . 

Historical Changes  in  Community Abundance 

A comparis on of  abundance trends over the entire lake was not 

pos s ible  because of the non-availability of comparable  offshore data 

prior to 1 983 . A reas onably valid comparison can be made of the 

offshore of the southern extreme of Lake Michigan from 1 962-63 to 

1 9 7 6�77 to 1 983 . From 1 962-63 to 1 97 6 .  abundance appeared to incr eas e 

(Table 24)  with Rockwell et al . ( 19 80 )  reporting a conservative 

maximum density of � 6 . 000  cells/mL .  

Becaus e  p icoplankton were not counted in previous years . they 

have been removed f rom the 1 9 83 data allowing comparison to previous 

years ( Table  24) . Abundance was higher in' 1 9 83 than in 1962-63 but 

similar to the abundance in 1 97 6 .  This  observation confirms that an 

increase has taken place  s ince 1 962-63 . Because  of the conservative 

nature of the 1 97 6  abundance data.  the suggestion could be  made that 

abundances decreased from 197 6  to 1 983 . However. there is no evidence 

to  substantiate the 'suggestion ., 
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D I SCUSSION 

ZOOPLANKTON 

LAKE ERIE 

Changes in Species Composition 

B rook s  ( 1969 ) suggested that a shift in the Lake Erie cladoceran 

assemblage was evident by 1 948-49 with smaller cladocerans , such as 

Daphnia galeata mendotae.  D .  retrocurva and Diaphanosoma. b eing 

more abundant than in 1 93 8-3 9 . In 1 9 7 0  the most  commonly found 

Daphnia species were D .  retrocurva, D .  galeata mendotae and D .  

longiremis (Wats on and Carp enter 1974 ) . However ,  Bosmina 

longirostris and Eubosmina coregoni were more abundant (Wats on and 

Carpenter 1 97 4) . Predominant cladoceran species in 1983 were smal+ 

forms similar to those  observed in 1 9 7 0 . In 1983 the predominant 

Cladocera in descending order were Eubosmina coregoni , Daphnia 

galeata mendotae. Daphnia retrocurva,  Bosmina longirostris . 

Diap hanosoma leuchtenbergianum and Chydorus sphaericus (Tabl� 1 1 ) . 

Chydorus 

in Lake Erie . 

�haericus has established itself as a common species 

A rare species in the offshore waters of the western 

bas in in 1 929-30 (Tidd 1 955 ) , this specie s  was a p rominent constituent 

in the 1 95 0 ' s  (Davis 1 9 6 2 )  and in 1 970  with a higher abundance in the 

wes tern b as in (Wats on and Carpenter  1 9 7 4 ) . In 1 9 83 this species 

contributed only 0 . 2% of the total abundance and had no observable  

abundance p eak in the western b as in .  

Cyclops  vernalis has exhibited a dramatic increase in abundance 

and distribut ion (Gannon 1 9 81 ) . In the 30 ' s . f· vernalis  was found 

only in the extreme western end of Lake Erie at the mouth of the 

Detroit and Maumee Rivers  ( Tidd 1955 ) . By 1 967 it had spread 
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throughout the lake  (Davis 1 969a) . Patalas ( 19 7 2 )  and Wats on ( 1 976 ) 

reported it as numerous in the western basin o f  Lake Erie during the 

late  60 ' s  and 70 ' s .  In 1 983 C .  vernalis was not observed at any o f  

the sampling stations . 

The dominant cyclopoid cop epod in 1970 was Cyclops  bicuspidatus 

thomas i  with Mesocyclop s  edax common in the summer .  Tropocyclops 

p rasinus was p resent in low numbers (Watson and Carpenter 1 9 7 4 ) . In 

1 983 the s ame three species ( C .  bicuspidatus thomasi ,  M .  edax and 

T .  prasinus ) p redominated ( Tabl e  1 1 ) . 

Abundance of D iaptomus siciloides has increas ed in Lake Erie 

(Gannon 1 981 ) . I t  was most p revalent in the western bas in and wes tern 

p ortion of the central basin in the lat e  60 ' s  and 70 ' s  (Patalas 1 9 7 2 ,  

Watson 1 974) . Abundant diaptomids in the eastern and central basins 

in 1 970 were Diaptomus oregonensis  and D .  sicil oides . D .  

oregonensis and D .  sicil oides were also the p re dominant calanoids in 

Lake Erie in 1983 . In 1 9 83 D .  oregonensis  was more prevalent in the 

c entral and eastern bas ins , whil e  D .  s iciloides was more prevalent in 

the eastern and westefn basins . 

Davis ' studies ( 1 96 8 .  1 969a)  of the z oopl ankton of  Lake Erie did 

include rotifers . Certain s oft-bodied rotifers were not identified 

nor are the s amples quantitat ive for rotifers . A 1/20 net was 

employed . However,  it is apparently the only lake-wide study o f  the 

offshore that included the rot ifers . Species  obs erved t o  be abundant 

in 1 967  were B rachionus 

unicornis , 

longispina. 

Keratella 

Synchaeta 

angularis . B .  calyciflorus . Conochilus 

cochlearis . K .  quadrata.  Kellicott ia 

s tylata and Polyarthra vulgari s  (Davis 1 968 . 

1969a) ;. In 1 983 a s imilar group of abundant rotifers was found . In 

decreasing order of relative abundance (%  of t otal abundance) , the 
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abundant species were : Polyarthra vulgari� ( 1 8 . 4% ) , Synchaet� sp . 

( 9 . 5% ) , Keratella cochlearis ( 7 . 3% ) , unicornis (5 . 3% ) , 

Keratella hiemalis ( 3 . 5% ) , B rachionus sp . (3 . 0% ) , etc . ( see Table 

1 1 ) . Although it was only the fourteenth most  abundant roti.fer ,  

Kellicottia longispina was st ill p revalent in 1 983 representing 1 . 3% 

of the t otal abundance ( Table 1 1 ) . Only Keratella quadrata is 

app arently not as abundant in 1 9 83 as it was in 1967 . K .  �adrata 

was observed in 1983 but was not common ( < 1% of total abundance) . 

East-West Species Dis tribution 

Numerous researchers ( e . g . Davis 1 9 69a,  Watson 1 9 7 4 ,  Patalas 

197 2 ,  Gannon 1 981 ) have documented the existence of differences :i.n 

species  c omposit ion and abundance from the central , western and 

eastern bas ins. In 1 9 83 at least 1 3  species had higher abundances or 

distributions restricted ( see Indicator Specie s )  to  the western basin 

(Table  25 ) .  Five species Diaptomus oregonensis (Fig . 3 9 a) , Cyclops 

bicuspidatus 

longispina and 

thomasi (Fig . 

Keratella 

�) 
3 9b ) , Colletheca sp . ,  Kellicottia 

hiemalis  ( Fig .  42b ) had geographical 

abundance patterns with maxima in the central bas in . Only the 

cyclopoid Tropocyclops prasinus mexicanus was more prevalent in the 

eastern bas in .  From Fig . 3 9 c ,  a west t o  east buildup in 1 ·  prasinus 

is evident . B oth Daphnia galeata mendotae and Mesocyclops edax were 

abundant in the eastern and central bas ins . 

Indicators of Trophic Status 

Zooplankton have potential value as ass es s ors of trophic status 

(Gannon and Sternberger 1 9 7 8) . Rotifer s .  in particular.  respond more 

quickly to environmental changes than do the crustacean plankton and 
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app ear to b e  more s ensitive indicators of changes in water  quality 

(Gannon and Sternbe rger 1 97 8) . B rachionus angularis . B .  

calyciflorus . Filinia longiseta and Trichocerca multicrinis are 

four rotifer species indicative of eutrophy . Species in the genus 

Brachionus are part icularly good indicators of eutrophy in the Great 

Lakes ( Gannon and S t ernberger 1 97 8 ). 

The eutrophic rot ifers B rachionus 

Filinia longiseta.  Synchaeta sp • • 

Trichocerca multicrinis and Keratella 

caudatus . 

Trichocerca 

B rachionus sp • •  

cylindrica. 

earlinae had abundances 

restricted to  or s ignificantly higher in the western bas in (Figs . 40b 

& c ;  41 a. b & c ;  42a & c) .. Total zooplankton abundance was als o  higher 

in the western basin .  Both rotifer abundance and species compos it ion 

indicated a greater degree of eutrophy of the western bas in than of 

the central or eastern bas ins . 

The calanoid/cyclopoid plus cladoceran rat io (plankton ratio)  has 

been employed as a measure of trophic condit ion in the Great Lakes 

(Gannon and Sternberger  1 9 7 8 .  McNaught et al . 1 9 80 ) . Calanoid cop epods 

general ly appear b es t  adap ted for oligot rophic conditions . while 

cladocerans and cyclop oid cop epods are relat ively more abundant in 

eutrophic waters  (Gannon and Sternberger 1978 ) . In Lake Erie this 

rat io increased from west to east (Table  26 ) . The productive s tatus 

(primary production) of the wes tern bas in as compared to the c entral 

and eastern bas ins (Glooschenko et al . 1974a.  Glooschenko 1974b )  was 

correlated in the abundance of ' zooplankt on.  species c omposit ion and 

the calanoid to cyclopoid plus cladoceran ratio . Compared to Lakes 

Huron and Michigan in 1983 .  abundance of zooplankt on was greatest .  and 

the plankton rat io was lower in Lake Erie (Table  19 ) indicating the 

eutrophic nature of Lake Erie . 
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Historical Changes in Abundances 

Zooplankton data exists  for the western bas in of  Lake Erie from 

1 93 9  to 1 9 83 . Gannon ( 1 981 ) noted that the collections in 193 9 ,  1949 

and 1 961  were made with a 10-liter Juday t rap in the islands region,  

and the 1 9 70 collections were obtained at  the extreme western end of 

the lake with an 8-liter Van Dorn bottle . The data were not strictly 

comparable  with each other or the 1 983 data . In particular , the 1 970 

data were from the far western end of the western bas in and probably 

are not representative of the ent ire western bas in .  Als o ,  samples 

· from the late spring to the early summer and from the late summer of 

1983 were lacking , but some trends were suggested . 

In c omparing the 1970  data to the 193 9 ,  1 949 and the 1 9 6 1  

z ooplankton data,  Gannon ( 1981 ) concluded that an increas e  occurred in 

the cladocerans , cop epods and rot ifers of the western bas in of Lake 
c 

Erie . However ,  a comparis on to  the 1 983 Augus t  data for Cladocera and 

Copepoda suggested that abundances were more comparable to the 50 ' s  

(Figs . 5 8  and 5 9 ) . Cladocera data from October suggested a slighly 

higher abundance in 1 9 83 than in p revious years . Without sampling 

point s  in June . July and S eptembe r  at t imes of z ooplankton maxima in 

Lake Erie , no firm conclusions could b e  made on crustacean 

p opulations . The increase in numbers of  rotifers was sufficiently 

large and consistent to indicate an abundance increase from 1970  to 

1 9 83 (Fig .. 60 ) .. 
Wats on and Carpenter ( 1 9 7 4) utilized a 64-�m mesh net in 1 9 7 1 to 

collect vertical hauls of  z ooplankt on from the entire lake bas in .. 

Thes e  data are comp arable  to 1983 collections and are presented in 

Fig . 57 . Again. the lack of a sampling p o int between mid-May through 
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J u l y  d i d not a l l ow a comp a r i so n  d u r i ng w h at w as the peak a b u n dance 

p e r i od of zoop l ankton I n  1 970 . However,  the Ap r i l - May and 

Augu st-October per f od s  were comparab l e  an d s uggested th at tota l 

zoop l ankton ab u n d ance w as s i m i l a r f rom 1 970 to 1 98 3  d u r i ng t hose 

per t od s .  
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LAKE HURON 

Changes in Species  Composition 

Crustacean studies of the ent ire Lake Huron bas in are few in 

number . Patalas ( 1 97 2 )  sampled 5 1  stat ions including Saginaw Bay in 

August of 1968  with a 77-� mesh net . In 197 1 ,  eleven stations on a 

t rans ect  from the Straits of  Mackinac to  the origin of the St . Clair 

River were sampled from May to November with a 64-pm net (Watson and 

Carpenter 1 97 4) . A 64-p mesh net was u s ed to  sample  1 8  stations on 

eight dates from April to October of  1 9 7 4  in southern Lake Huron 

including Saginaw Bay (McNaught et al . 1 980 ) . The 1 983 research 

included 10 stations sampled ( 62-pm mesh net )  for each of the three 

sampling dates between Augus t  and September .  

In August  o f  1968  calanoids were dominated by Diaptomus s icili s ,  
'-) 

D .  ashlandi and D .  minutus ( Patalas 1 9 72 ) . These  same three species  

were  dominant in  1 97 1 ,  1 9 7 4/75  and 1 9 83 with the addition of Diap t omus 

oregonensis (Table  27 ) .. Although not strictly co�parable , mean 

abundance for the maj or calanoid species  were s imilar for the 197 1 and 

1 9 83 s amples . The 1 97 4  calanoid abundance was higher than either the 

1 9 7 1 or 1 9 83 samples . However , the 1 9 7 1 and 1 9 83 data were only from 

offshore s it e s ,  while  1 9 7 4  data included samples from the eutrophic 

waters of 

L imnocalanus 

2 7 ) . 

Saginaw Bay .  The oligotrophic indicator species , 

macrurus , appeared to  b e  decreasing in abundance (Table 

In 1 9 6 8 ,  1 97 1 ,  1 9 7 4/75  and 1 9 83 ,  the dominant cyclopoid was 

Cyclop s  

mexicanus 

bicuspidatus thomasi  ( Table 27 ) .  Tropocyclops prasinus 

and Mesocyclops edax appeared to have increased in 

abundance f rom 1 97 1 to  1 9 83 . Cyclop s  vernal i s ,  often as s ociated with 

eutrophic conditions in Lake  Erie , was higher in abundanc e  in the 197 4 
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dat a .  This higher abundance again may have b een due to  the inclusion 

of Saginaw Bay stat ions in the 1 9 7 4  data set . 

Dominant cladoceran specie s  in August o f  1 9 6 8  were B osmina 

longirostris  and Holopedium gibberum, while in 1 9 7 4  Holopedium 

gibbe rum, B .  longirostris and Eubosmina coregoni were dominant in 

August-October .  Comparis on o f  the 197 1 and 1 9 83 Augus t  data suggested 

decreases in abundance of B .  longirostris , E .  coregoni and H .  

gibberum . 

Quantitative data on species of  daphnids were not availab l e  for 

1 97 1 ,  but Daphnia retrocurva,  Daphnia galeata mendotae and D .  

longiremis were commonly found in Lake Huron (Wats on and Carpenter 

1 974) . The dominant  daphnid species in 1 9 83 was D .  galeata 

mendotae . 

Evans ( 19 85 )  recently reported that Daphni a  pulicaria was a new 

species dominating Lake Michigan . In 1 983 in Lake Huron, D .  

pulicaria was observed to be the third mos t  important cladoceran 

( Table 1 2 ) . Mean station abundance increased f rom north to  s outh with 

a mean density of :43 1 organisms/m
3 for s tations south of Saginaw 

Bay . 

D .  catawba also appeared to b e  a new dominant from the deeper 

waters of  Lake Huron . This  species was not thought to be  either 

common or less common species o f  the Great Lakes (Balcer et al . 1 9 84) . 

It appeared exclusively in the l ong hauls from Lake Huron in 1 9 83 . A 

maximum abundance o f  1 , 6 10  orga�isms/m
3 

was observed in August at 

Station 1 2 .  

Sternb erger et al . ( 19 7 9 )  collected rotifers with a Nisken b ottle 

at 5-m intervals to  20m followed by 10-m intervals to  the bot t om of 

the lake . Samp les were pooled and filtered through a 54-p mesh net on 
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the vessel . Greatest abundance of rot ifers in Lake Huron in 1 9 7 4  

occurred i n  late spring and early summer ( St ernberger et  al . 1 97 9 ) , a 

p eriod in which no samp l es were taken in 1 9 83 . Comp arison of the 

August-October of 1 9 83 to  Ap ril-November  of 1 97 4  suggested the 

following b etween the 1 9 7 4 and 1 9 83 data . Abundant rotifer species  in 

both s tudies wer e  Conochilus unicornis .  Poly arthra vulgaris , 

Keratella cochlearis , Kellicottia l ongispina and Gastropus 

s tyl ifer . c .  unicornis was the dominant rotifer in 1 9 83 while 

Keratella cochlearis was dominant in 1974 (Table  29 ) . 

North-South D istribution 
u 

Horizontal distribut ion of z ooplankton in Lake  Huron is affected 

by the physical limnology of the lake (McNaught et al . 1 9 80 ) . In the 

warmer inshore areas . cladocerans grow b es t , while calanoids tend to 

be  found in offshore waters (McNaught et  al . 1 9 80 ) . Movement of  the 

z ooplankton-rich eutrophic waters from Saginaw Bay als o  influenced 

zooplankton abundance in the nearshore waters of Lake Huron s outh of 

the Bay .  I n  general . inshore densities were greater  than offshore 

densities (McNaught et al . 1 9 80 ) . 

The 1 9 83 data did suggest a trend of increas ing total z ooplankton 

abundance from s outh t o  north (Fig . 33 ) with the exc ept ion o f  Station 

3 2 ,  locat e d  northeast of the mouth of Saginaw B ay .  However , Station 

3 2  would appear t o  b e  t oo far offshore t o  b e  influenced by the higher 

abundances of the B ay .  However , Stoermer and Kreis  ( 19 80 )  have 

obs erved midlake stations in s outhern Lake Huron to be affected by 

p opulat ions of phytop lankton from Saginaw Bay in 1 97 4 .  Although the 

transport of eutrophication-tolerant algal p opulations into  Lake  Huron 

from Saginaw Bay has b een mitigated in recent years ( Stoermer and 
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Theriot 1 9 85 ) , the transport o f  z ooplankton could still take place . 

Tot al abundance was slightly higher in the extreme s outh at 

Stat ions 9 and 6 due to increases  in rotifer , cyclopoid and copepoda 

nauplii abundances . McNaught et  al . ( 19 80 )  als o  obs erved abundance 

increas es of the cyclopoid copepodites , C .  b icuspidatus and T .  

prasinus north to  s outh in s outhern Lak e  Huron . In  1 9 83 rotifers 

decreased in abundance from north to s outh to Stations 9 and 6 when a 

slight increas e  was evident ( Fig . 33 ) . 

A number of species posses sed horizontal distributions that 

varied along the north-s outh axis .  Diaptomus minutus abundance  was 

lower in the northern portion of the lake (Fig . 46�) , while Daphnia 

retrocurva had a maxima limited to the far northern station ( Fig . 

46b ) . Abundance o f  both Conochilus unicornis and Kellicottia 

longi sp ina decreased from north to s out h .  Rol op edium gibberum had a 

higher abundance north of Saginaw B ay ,  while  Mesocyclops  edax 

abundance was higher s outh o f  Saginaw Bay . Cyclop s  bicuspidatus 

thomas i  was more abundant a t  the far northern stations ( Stat ions 5 1  

and 6 4 )  than i n  the �est of the lake . 

Indicators of Trophic Status 

Zooplankton have potential value as assessors of trophic s tatus 

(Gannon and Sternberger 1 9 7 8 ) . Rotifer s , in particular , respond more 

quickly to environmental changes than do the c rustacean plankt on and 
' 

appear to  be  more s ensitive indicators  of changes in water qual ity . 

Comp o s it ion o f  the rot ifer community , as wel l  as species , have been 

employed to evaluate t rophic status . A rotifer c ommunity dominated by 

Polyarthra vulgaris, Keratella cochlearis , Conochilus unicornis 

and Kell icottia longispina have been - considered to b e  indicative of  
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an oligotrophic lake (Gannon and Sternberger 1 9 7 8 ) . Even during a 

period when rotifers were not abundant , these were the dominant 

rot ifers in Lake Huron from August to September of 1 9 83 ( Table  1 2 ) . 

The calanoid/ cyclopoid plus cladoceran ratio ( the plankton ratio)  

has been employed as a measure o f  trophic status in the Great Lakes 

(Gannon and Sternberger 197 8 ,  McNaught et al .. 1 9 80 ) . Calanoid cop epods  

generally appear best  adapted for  oligotrophic condi�ions , while 

cladocerans and cyclopoid cop epods  are relatively more abundant in 

eutrophic waters . Using this ratio,  McNaught et al . ( 1980 )  identified  

the offshore waters of s outhern Lake Huron to have the highest qual ity 

wat er . B ecause the 1983 s amples were all from the- offshore , no such 

comparison could be made . However ,  the plankton ratio was high and 

s imilar from north to south (Table 28 )  indicating a s imilar high water 

quality 

The low 

Michigan 

over the entire lake excep t  for the far northern Stat ion 6 1 . 

z ooplakton abundance ,  compared to those of Lakes Erie and 

(Table 1 9 ) , the p resence of the oligot rophic rotifer 

ass ociat ion ,  the dominat ion of the calanoids , and the fairly abundant 

presence of the oligotrophic Diaptomus s icilis (McNaught et al . 1980 )  

suggested oligotrophic offshore waters for Lake Huron in 1 9 83 . 

The lower ratio for Station 6 1  reflected the higher population of 

Daphnia retrocurva in this area . This  station might have been 

influenced by waters from Lake Michigan . The plankton ratio at 

Stat ion 61 in Lake Huron was s imilar to that of the Straits of 

Mackinac ( Schel ske et al . 1 9 7 6 )  and northern Lake Michigan ( see 

Zooplankton, Lake Michigan) . 

Historical Changes in Abundances 

Little can be  concluded on quantitative changes in z ooplankton 
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b ecause/  of the lack of  data for the period early May to August . 1 9 83 . 

Maximum zooplankton abundance occurred during this p eriod in 1 97 4  

( Fig . 

1 9 83 .  

6 1 ) . In comparing mean seasonal abundance patterns in 1972 and 

densities in Augus t  and October of 1 9 83 were similar to tho s e  in 

1 9 7 2  (Fig . 6 1 ) . The higher abundance of  cru staceans in 1 9 7 4  is 

p robably due to  the inclusion of Saginaw Bay s amples with this data 

s et . 

Rot ifer densities were more perplexing . Abundance was an order 

of magnitude higher in 1 97 4  than in 1 9 83 ( Table  29 ; Fig . 6 2 ) . At 

p resent . no explanat ion for such a difference can b e  provided . 
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LAKE MICHIGAN 

Changes in Species Composition 

Numerous studies (Williams 1 9 66 ; Johns on 1 97 2 ;  Gannon et al . 

1982a.  1982b ; Evans et al . 1980 )  of  the nearshore region of  Lake 

Michigan exist from as far back as 1 9 2 7  (Eddy �927 ) . Several 

researchers  . have compared the nearshore with the offshore zooplankton 

in discuss ions of  eutrophication of  the entire lake . Comp arisons of 

the inshore with the offshore stations should b e  viewed with caution 

because effects are not necessarily due to . eutrophication or fish 

predation ( Evans et al . 1 980 ) . 

Although no intens ive zooplankton studies of the offshore waters 

of the ent ire lake bas in have taken place . s ome offshore s tudies of 

Lake Michigan zooplankton do exist . Well s  ( 1 960 . 1 970 ) sampled 

Crustacea on four dates in June. July and August  in 1954.  1 966 and 

1968  from the offshore region 

(366 pm) net . During 1 96 9-70 

1970 ) . Gannon ( 1975 ) collected 

off Grand Haven, Michigan, with a #2 

on s ix dates (March 1969 t o  January 

crustaceans from the offshore and 

inshore o f  Lake Michigan along a cross-lake t rans ect from Milwaukee to 

Ludington with a 64-pm mesh  net . In September of 1 97 3 , northern Lake 

Michigan was sampled with a 250-pm mesh net ( Schelske et al . 1 9 7 6 ) . 

Als o .  Sternberger and Evans ( 1984)  provided abundance data ( 7 6-pm net ) 

for a few zooplankters from offshore waters  of the s outheas tern Lake 

Michigan are a .  

The data of  Wells ' ( 1960 , 1970 ) and Gannon ( 1975 ) are useful but 

have to be used with caut ion . A 3 66-pm and a 250-pm net are p robably 

quantitative for larger crustaceans but certainly would not be for 

smaller  crustaceans such as Chydorus sphaericus . B osmina 

longirostris , Eubosmina coregoni, Ceriodaphnia spp • •  Tropocyclops 
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prasinus , cyclopoid and calanoid copepods ( Makarewicz and Likens 

1 97 9 ) . 

The zooplankton populat ions in Lak e  Michigan underwent striking 

size-related changes between 1954  and 1 96 6  (Well s  1 970 ) . Species that 

declined sharply were the larges t cladocerans (Leptodora kindtii,  

Daphnia 

copepods 

s icil i s )  

galeata mendotae and D .  retrocurva) • the largest calanoid 

(Limnocalanus macrurus , Epischura lacustris and Diaptomus 

and the largest cyclopoid c op epod (Mesocyclops  edax ) . 

Medium-s ized 

Polyphemus 

or small species 

p ediculus , B osmina 

l ongiremis ,  H .  gibberum, 

longirostris . Ceriodaphnia sp . ,  

Cyclop s  , bicuspidatus .  Cyclop s  vernalis , 

increased in number .  probably in response 

Diaptomus ashlandi )  

t o  s elective alewife 

p redat ion . After  the alewife dieback .  M .  edax and D .  galeata 

mendotae were s till rare in 1 968 when the composition of the 

z ooplankton community shifted back toward one s imilar o f  1954 (Wells  

1 970 ) � 

I n  northern Lake Michigan during S eptember o f  1973 , predominant 

species were Daphtiia galeata mendotae , _  D .  retrocurva,  

Limnocalanus macrurus , 

and Diaptomus s ic ilis . 

Diaptomus oregonensis , Eubosmina coregoni 

Cyclopoid cop epods were a minor component of 

the fauna in 1973 ( Schel ske et al . 1 9 76 ) . 

The changing nature of  the z ooplankt on c ommunity of  Lake Michigan 

was further evident in 1983 . Daphnia galeata mendotae ,  D .  

pulicaria and D .  retrocurva were the second , third and fourth mos t  

important cladocerans 

galeata in Augus t  of 

( Table  30 ) . Perhaps 

in the lake (Table  13 ) .  Abundances of  D .  

1 983 were half of  those  in 1954  ( 1 . 200/m3 ) 

as important , densities as high as 2 , 700/m
3 

were obs erved at certain stat ions in August . Abundance o f  the large 
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cladoceran Leptodora kindtii in 1 9 83 was s imilar to abundance in 

1954 .. 

The 1 9 83 abundance of  Daphnia retrocurv� was similar to the 

August  1 966 abundance rather than to those of 195 4 or 196 8 .  However ,  

maximum abundance 
3 in October of 1 9 83 (3 , 1 6 1 /m ) was comparable to 

the 1954  or 1 968  observations . Perhaps related to  the low abundance 

of  D .  retrocurva in August of 1983 was the app earance of the large 

(�2 rom) ( Evans 1985 ) cladoceran Daphnia pulicaria, which reached a 

maximum abundance in August . 

Evans ( 1985 ) recently reported that D .  pulicaria was first 

obs erved in Lake Michigan in 1 97 8 .  Abundance "remained low in 

southeastern Lake Michigan until 1 982 and 1 9 83 , when they dominated 

the offshore summer Daphnia community and at an offshore stat ion 

southeast of  Grand Haven, Michigan . In 1983 this species was the 

dominant 

(Table  

cladoceran 

13 ) . Mean 

in Lake 

abundance 

Michigan from the short and l ong hauls 

reached 1 ,  7 41 organisms 1m3 
.in early 

Augus t  with a maximum 3 of 6 , 05 6 /m • Daphnia dubia, another new 

species for the lake,  had a mean station abundance of 49 

· I 3 · 1 o b organ�sms m �n ear y cto er . 

Eubosmina coregoni , B .  longirostris and the larger Holopedium 

gibberum appeared to have increased in abundance s ince 1954 ( Table  

3 0 ) . The increase in H .  gibberum was p robably real . It  is doub tful 

that this large cladoceran would pas s  through a 3 66-�m mesh net like 

that used in Well s ' ( 1960 , 1 970 ) studies of 195 4-68 .  However , the net 

employed by Wells ' would not have been quantitative for E . coregoni 

and B .  longiro stris . 

Cyclo_Es  b icuspidatus was the dominant cyclopoid with Diaptomus : 

ashlandi being the dominant cal anoid in 1 983 . Abundance of  
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Mesocyclop s edax was low in August of  1 9 83 c ompared to  1 95 4 ,  but 

d · 
1 o b h d 15 1 · I 3 < · 

abun ance �n ear y cto  er reac e organ�sms m mean stat�on 

abundance )  • Diaptomus minutus appeared to have decreased in 

abundance s ince 1 9 6 8  while there was some suggest ion that D .  

oregonensis had increased steadily s ince 1954 ( Table  3 1 ) . D .  s icilis 

had increased dramat ically s ince 1968 . Abundance of  L imnocalanus 

macrurus was lower during Augus t  of 1 9 83 than in 1954-6 8 . However ,  

abundance in April o f  1983 was 
3 1 , 7 24/m • The abundance of  

Epischura lacustris in Augus t  was still low in 1 9 83 relat ive to 1954 ,  

but mean station abundance was 1 1 1  organisms/m3 in  late Octob er . 

By 1 9 83 the large cladocerans , calanoids and cy�lop oid cop ep od s ,  

observed b y  Wells ( 1970 ) to  have decreased sharp ly in the early 60 ' s , 

had increased in abundance to  denit ies s imilar t o  those  in Augus t  of 

1 95 4 .  In s ome instances , abundance was not a s  high in August but was 

as high at other times of the year . In addit ion, two new species were 

observed including the l arge and now dominant Daphnia pulicaria . 

The resurgence of  larger z o oplankton in Lake Michigan is p robably 

related  to the sharp decline in the abundance of  the planktivorous 

alewife in 1982  and 1 983 . The lakewide  catch of adult alewifes  was 

only 3 1% that of 1 9 8 2  and only 1 2% of the 1981  catch . Bloater chubs 

are r eplacing the alewifes and have been expe riencing a dramatic 

increase in abundance s ince 1970 (Wells  and Hatch 1 9 83 ) . B l oaters 

above m1 8 em in size primarily feed on Mysis and Pontop oreia . Only 

smaller individuals feed on z oop l ankton (Well s  and B eeton 1 9 63 ) . 

Rot if era 

Rot ifer studies reported in the literature are primarily from the 

nearshore region o f  the lake . In the nearshore . Keratella 
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cochlearis , Polyarthra vulgaris ; Kellicottia longispina, 

Synchaeta s tylata and Synchaeta tremula were dominant in  1926-27 
l J  

(Eddy 1 9 27 ) . Keratella and Polyarthra were the dominant genera in 

1962  (Williams 1 9 66 ) , while K .  cochlearis and P .  vulgari� were 

dominant in 1 97 0  ( Johnson 1 97 2 ) . Gannon et al . ( l 982a) noted that the 

following rotifers were predominant in 1 97 7 : K .  cochlearis , K .  

crassa,  P .  vulgaris , Conochilus unicornis .  K .  longispina and P .  

remata .  

Abundance o f  rotifers in Lake Michigan generally decreased from 

the nearshore into  the offshore (Gannon et al . 1 982a .  Sternberger and 

Evans 1984) . It  is als o  of interest that the speci�s comp os ition of 

the nearshore and offshore was s imilar . In  1 983 the p redominant 

offshore rotifers were in descending order : Polyarthra vulgaris , 

Synchaeta sp . ,  Keratella cochlearis . Polyarthra maj or,  Kellicottia 

longispina, Keratella crass a,  Gastropus s tylifer and Colletheca 

sp . ( Tabl e  13 ) ,  which are similar to nearshore and to Ahlstrom ' s  

( 1936 )  offshore observations of  p redominant species (K . cochlearis , 

Synchaeta stylata and P .  vulgaris ) .  

North-South Trophic Status 

In c omparison to Lakes Erie and Huron , the geographical 

distributional pattern of  total zooplankton was erratic . This  may be  

related to the alterat ion of east-west sampling stations on every 

other trip ( see Methods and Material s ) . There was a suggestion of 

decreasing z ooplankton abundance from north to  s outh ( Fig . 3 4 ) . 

Rotifera, in particular , did decrease s outhward on the t rans ect ,  while 

the Calanoida had approximately twice the abundance in the s outhern 

half ( Stations 3 4  t o  6 )  than in the northern half ( Stat ions 7 7  to  41 ) 
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o f  the lake .  The distribution of  the cal anoid Diaptomus sicilis  was 

restricted essentially t o  the s outhern half o f  the lake (Fig . 5 1 a) . 

Cladoc era abundanc e  ranged from 1 , 000-2 , 000  organisms/m3 except at 

Station 64 where a mean abundanc e  of 3 5 , 000/m was observed . 

Geographical abundance o f  Eubosmina c oregoni and B o smina 

l ongirostris had inverse  distributional patterns from L imnocalanus 

macrurus (Fig . 63 ) .  Als o ,  Notholca laurentiae, N .  squamula ,  N .  

foliacea (Fig . 52a-c)  and Holopedium gibberum all had abundance 

peaks at the far northern end o f  the lake and wer e  not abundant in the 

s outhern half of Lake Michigan . Daphnia retrocurva was ob served in 

maximum abundance at the extreme s outhern end of the lake ( Fig . 5 1 c) . 

Indicators of Trophic S t atus 

Z oopl ankton have potential value as assess o rs of trophic s tatus 

(Gannon and Sternberger 1 9 7 8 ) . Rotifers , in particular , respond more 

quickly to environmental changes than do the c rustacean plankt on and 

appear t o  be more s ensitive indicators of  change s  in water quality . 

Compos ition of  the �ot ifer community (Gannon and Sternberger 1 97 8) , as 

well as specie s ,  have been employed to  evaluat e  t rophic status . A 

rotifer community dominated by Polyarthra vulgaris , Keratella 

cochlearis , Conochilus  unicornis and Kell icottia l ongispina have 

been considered to b e  an ass ociat ion indicative of an oligotrophic 

community by Gannon and Sternberger ( 1978 ) . 

I n  1 983 the s ix predominant rotifers in descending order of 

relative abundance were  P .  vulgaris ,  Synchaeta sp . ,  �· cochlearis , 

maj ors  K .  longispina and C .  unicorni s . The 1 983 rotifer 

community appeared to be an oligot rophic association . 

The high relat ive abundance o f  Diap tomus sicilis and 
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Limnocalanus macrurus ( Table  13 ) ,  both oligotrophic indicators 

(Gannon and Sternberger 1 9 7 8 ,  Mc�aught et  al . 1980 ) , als o  suggested 

oligotrophic offshore conditions . 

The calanoid/ cyclopoid plus cladoceran ratio has been used as a 

measure o f  t rophic status in the Great Lakes (Gannon and Sternberger 

197 8 ,  McNaught et al . 1 9 80 ) . Calanoid cop epods generally app ear best 

adapted for oligotrophic waters , while cladocerans and cylop oid 

cop epods are relat ively more abundant in eutrophic wat ers . On the 

north-south t ransect , the plankton ratios were high and similar , 

excep t  at the far north and the southern extreme of  the lake ( Table 

3 2 ) . This  distribution of  the ratios sugges ted that the highest 

quality water existed from Station 5 7  to  Station 1 1 . With a 

zooplankt on abundance between thos e  o f  Lakes Erie and Huron (Table  

1 9 ) , the p re sence of  the oligotrophic rotifer association ,  a plankton 

ratio between those of  Huron and Erie , the domination of the 

calanoids , and the fairly abundant p resence of the oligotrophic 

indicator specie s ,  Diap tomus and Limnocalanus macrurus , Lake 

Michigan ' s  waters in 1 983 are b est  characteriz ed as 

mesotrophic/oligotrophic . 

The low plankton ratios ( 0  .. 3 7  and 0 . 41 )  at the far northern .. end 

of Lake Michigan ( Stations 64 and 7 7 ) were very similar to those  

observed in  1973  at  the Straits of Mackinac ( Gannon and S ternberger 

1 9 7 8 ) . Gannon and Sternberger ( 19 7 8 )  implied that more eutrophic 

conditions existed within this area of a low calanoid to cladoceran 

plus cyclopoid ratio . 

macrurus and Diap tomus 

Abundance of the oligotropic  Limnocalanus 

s icilis was s ignificantly lower in these  far 

northern stat ions , while the eutrophic spec ies  Eubosmina coregoni and 

Bosmina l ongirostris  increased at  the  far  northern stations ( Fig . 
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63 ) .  S imilarly . the eutrophic rotifer species Notholca squamula.  N .  

laurentiae and N .  folicacea were only abundant a t  the far northern 

area .  S everal indicators suggest  that the northern end o f  Lake 

Michigan near the Straits of Mackinac have waters often ass ociated 

with eutrophic conditions . 
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RECOMMENDATIONS 

1 .  Because much o f  the historical data that exists is from the 

spring and summer period s ,  samples for zooplankton should be taken 

during the period of greatest populat ion growth ; i . e .  late May, June 

and July . The lack of zooplankt on data during this p eriod in 1 9 83 

compromised the use of the dat a  set for historical comparisons . 

Furthermore,  as the scientific community becomes more interested in 

food web relat ionship s ,  z ooplankton abundance and diversity during 

periods of maximum abundance will become of interest .  

2 .  The same stat ions need to be  sampled routinely . The rotation 

of sampling s ites in Lake Michigan only complicated the analysis and 

interpretat ion . 

3 .  A better understanding of  the nature of the picoplankton is  

required for the Great Lakes . In the current work , the decis ion was 

made to enumerate blue-green algae even though direct observation as 

to the autotrophic nature of the organism was inconclusive . 

Fluorescence microscopy failed to reveal the presence of chlorophyll 

in the obj ects because iodine (Lugol ' s  fixative) quences fluorescence . 

Great Lakes ' material , fixed with glutaraldehyde , on membrane filters , 

subj ected to fluorescence microscopy autofluoresced ,  sugges� ing 

chlorophyll containing obj ects (Andresen 1 9 85 ) . Further research is 

suggested as below .  

a e  Taxonomic identification o f  the picoplankton . 

b .  App ropriat e p reservat ion of s amples t o  utilize 

fluorescence microscopy and TEM examination for elucidation of 

biochemical and structural characters . 

c .  Examinat ion of the pigment distribution by s ize  fraction 
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- chlorophyll and phycob ilins ( Stewart and Farmer 1 984) . 

d .  Productivity based on size fraction s . 

e .  Examinat ion o f  the potential use o f  cyanobacterium as a 

food s ource for rot ifers . Caron et al . ( 19 85 ) suggest s  that rotifers 

and microflagellates may be important consumers .  
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TABLE 1 .  Plankton sampling dates for Lakes Erie , Huron and Michigan 
in 1 9 83 . 

Lake Cruise Cruise Date 

ERIE 1 4/25 - 4/26 
2 5 /9 - 5 / 1 0  
3 6 / 27 - 7 / 1  * 
4 8/6 - 8/8  
5 8/ 22  - 8/23 
6 1 0 / 1 9  - 1 0 / 2 1  
7 1 0 / 2 1  - 10 /24 

HURON 1 4/ 21  - 4/24 * 
2 5 /6 - 5 / 8  
3 7/ 2 - 7 I 4 * 
4 8/4 - 8/6 
5 8/19  - 8/21  
6 1 0 / 1 6  - 10 / 1 8  
7 1 0 / 24 - 1 0 / 26 

MICHIGAN 1 4/ 17  - 4/ 2 1  
1 a  4/26  - 5/ 1 * *  
2 5 / 4  - 5 /6 
3 7 / 4 - 7 /5 * 
4 8/3 - 8/4 
5 8 / 1 7  - 8/ 1 9  
6 10/ 1 2  - 1 0 / 1 5  
7 10/26  - 1 0 /3 0  

* N o  zooplankton sample 

* *  No phytoplankton sample  
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TABLE 2 .  Lat itude and longitude of plankton sampling stations . 
1983 . 

Station II 

LAKE ERIE 

LE60 
LE5 7 
LESS 
LE42 
LE73 
LE3 7 
LE7 8 
LE7 9 
LE1 8 
LE15 
LE09 

LAKE HURON 

LH6 1 
LH5 4 
LH45 
LH3 7 
LH3 2 
LH27 
LH15 
LH1 2  
LH09 
LH0 6  

LAKE MICHIGAN 

LM06 
LM10 
LM1 8 
LM22 
LM27 
LM3 2 
LM41 
LM46 
LM64 
LM7 7 

Latitude 

41 °53 ' 30 "  
41 49 5 4  
41 44 1 8  
4 1  5 7  5 4  
41 5 8  40 
42 06  3 6  
42 0 7  00 
42 15 00 
42 25  1 8  
4 2  3 1  0 0  
4 2  32  1 8  

45 45 00 
45 3 1  00  
45 0 8  12  
44  45 42  
44  27 12  
44  1 1  5 4  
44 0 0  00 
43 53 24 
43 38 00 
43 28 00 

42 00 00 
42 23 00 
42 44 00 
43 0 8  00 
43 ' 3 6  00 
44 0 8  24 
44 44 1 2  
4 5  1 3  24 
45 5 7  oo 
45 47 24 

Longitude 

83 °1 1 ' 48" 
83 0 1  0 6  
82 44 00 
82 02 3 0  
81  45 25 
81 34 3 0  
81  1 5  00 
80 48 00 
80 04  48 
7 9  53 3 6  
7 9  3 7  00 

83 55 00 
83 25 00  
82  59  00  
82 47 00  
82 20 30  
82 30  12  
82 21  00  
82 03  2 4  
82 13 00 
82 00 00 

87  00 00 
87 25 0 0  
87  0 0  00  
87 25 0 0  
8 6  5 5  00  
87 14 0 0  
86 43 1 8  
8 6  3 6  4 8  
85 3 5  1 2  
84 4 9  2 4  
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TABLE 3 .  Sample dates and stat ions for Lake Michigan , 1983 . 

Station 
Number SamEle Dates 

4/ 1 7-2 1 4/ 26-5 / 1  5 / 4-6 8/3-4 8/ 1 7 - 1 9  1 0 / 1 2-15  1 0 / 2 6-30 

5 X X X 
6 X X X X X 

10  X X X 
1 1  X X X X X 
17  X X 
1 8  X X X X 
22 X X X X X X 
23 X X 
26 X X X 
27 X X 
3 2  X X X X X X 
3 4  X X 
40 X X X X 
41 X X 
46 X X X 
47 X X X X X X 
56  X X 
5 7  X X X X X 
64 X X � X X X 
7 7  X X X X X 
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TABLE 4 .  Numb er o f  t axa and g enera ob s e rved in each algal d ivis ion or 
group ing , 1983 . 

Bacillariophy t a  

Chl orophyt a 

Chry s op hy t a  

Cryp t ophy t a  

Cy anophy t a  

Colorl e s s  f l agel lat e s  

Pyrrhophy t a  

Euglenophy t a  

Unident i f i e d  

Chl o romonadophy t a  

TOTAL 

LAKE ERIE 

Taxa Genera 

225 3 1  

1 13 3 8  

29 1 1  

20 3 

1 8  9 

15 6 

10  4 

2 2 

3 

1 1 

43 6 1 05 

LAKE HURON 

Taxa Genera 

2 1 1  3 1  

75 28  

56  10  

25 3 

13 6 

13  4 

10 4 

4 3 

3 

1 1 

41 1 90 

LAKE M I CHIGAN 

Taxa Gener a  

221  33  

88  34  

53 13 

29 4 

28  10  

1 6  6 

10  4 

1 1 

5 

1 1 

45 2 106  
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TABLE 5 .  Relat ive abundance of maj or phytop lankton divisions in Lakes Erie , 
Huron and Michigan . , BAC=Bacillariophyta,  CAT=Chloromanophyt a, 
CHL=Chlorophyta,  CHR=Chrysoph�a,  COL=Colorless  Flagellates , CRY=Cryptophyta , 
CYA=Cyanophyta,  EUG=Euglenophyta,  PYR=Pyrrhophyta,  UNI=Unidentified . 

LAKE ERIE 

Division 

BAC 
CAT 
CHL 
CHR 
COL 
CRY 
CYA 
EUG 
PYR 
UNI 

LAKE HURON 

Divis ion 

BAC 
CAT 
CHL 
CHR 
COL 
CRY 
CYA 
EUG 
PYR 
UNI 

LAKE MICHIGAN 

Division 

BAC 
CAT 
CHL 
CHR 
COL 
CRY 
CYA 
EUG 
PYR 
UNI 

% 
Biovolume/m.L 

59 . 93 
0 . 0 1 

1 4 . 9 1 
0 . 88 
0 . 10 
9 . 13 
4 . 1 4 
0 . 0 4 
8 . 40 
2 . 47 

% 
Biovolume/mL 

6 8 . 20 
0 . 02 
3 .  45 
7 . 1 1 
0 . 14 
8 . 29 
4 . 3 1  
0 . 1 1 
3 . 25 
5 . 1 1 

% 
B iovolume/mL 

5 6 . 41 
0 . 02 
5 . 25 
6 . 53 
0 .. 75  

1 3 . 43 
5 . 5 6  
0 . 04 
7 . 3 2  
4 . 68 

% 
Cells/mL 

1 . 3 8  
0 . 0 1 
1 . 95 
0 . 6 1 
0 . 07 
1 . 73 

89 . 5 8 
0 . 0 1 
0 . 03 
4 � 65 

% 
Cell s/mL 

1 . 16 
0 . 0 1 
0 . 42 
1 . 60 �  
0 . 06 
1 . 1 3 

89 . 53 
0 . 0 1  
0 . 01 
6 . 09 

% 
Cells/mL 

1 . 07 
0 . 0 1 
0 . 65 
1 . 49 
0 . 13 
1 . 24 

92 . 2 1 
0 . 0 1  
0 . 01 
3 . 20 
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TAB L E  6 .  S ummary of  majo r  p hytop l an k ton  spec i es occu rrence I n  L ake  E r i e  d u r i ng 1 98 3 .  S u mmary 
I s  b ased o n  a l I samp l es ana l y z ed . S u mmary I nc l udes the max i mum  popu l at i o n  dens i ty encountered,  
t he average pop u l at i on dens i ty and b l ovo l ume, a n d  the  re l at i v e  a b u n dance < % of  tot a l ee l I s  a n d  
% of tot a l  b l ovo l ume ) .  Major spec i es were arb i t r a r i l y def i ne d  a s  h av i ng a n  ab u n d a nce of  >0 . 1 % 
of t he tota l ce l l s  or >0 . 5 % o f  t he tot a l b l ovo l ume .  

Taxon 

SAC I LLAR I OPHYTA 
Act l nocyc l u s norman ! !  f .  s u b s a l sa 
F r ag l I a r i a  capuc l n a 
F rag i l ar l a  c rotonens l s  
Me l os i r a g r an u l at a 
Rh ! zoso l en l a sp . 
Step h anod l scus  a l p l nu s  
Step hanod l scus  b l n d era n u s  
Step h anod l sc u s  n l agarae 
Tabe l I a r i a  f l occu l os a  

CHLOROPHYTA 
Coe l ast r um m l c roporum 
Cosmar l um sp .  
Monorap h l d l um conto rt u m  
Mougeot I a sp . 
Oocy st l s  borge l 
Ped i ast r um s i mp l ex v .  duoden ar l um 
Scenedesmu s ecor n l s  
St au rast r um p aradoxu�  

CHRY SOPHYTA 
Haptop hyte s p .  

CRYPTOPHYTA 
Chroomonas norstedt i l  
Cryptomonas e rosa 
Rhodomon as m l n uta v. n an nop l ankt l c a  

CYANOPHYTA 
Agmene l l um q u ad r u p l l c at um 
An acy st l s  mar i n a 
Anacyst i s  montan a  v .  m i nor  
Ap h an l zomenon f l os-aq u ae 
Coccoch l or l s  p en i ocy st l s  
Coe l osp h aer l um n aege l I an um 
Mer l smoped l a  ten u l ss lma  
Osc l I t ator l a  I l mnet l ca 
Osc l l l ator l a  subbrev l s  
Osc l f l ator l a  tenu l s  

PYRRHOPHYTA 
Cer at i um h l r u n d l ne l  I a  
Gymnod i n i um  s p .  #2 

Per l d l n l um ac l cu l l f er um 
Per l d l n l um sp . 

UN I DENT I F I ED 
Un i d ent i f i ed f l age l l ate - ovo i d  
Un l dent ! f � ed f l age l l ate - spher i c a l  

Max i mum 
ee l I s/mL 

88 

603 

554 

5 5 5  

5 0 7  

78 

234 

1 69 

376 

229 1 

4 9  

744 

352 

1 5 5 

376 

2 1 9 3 

1 6  

785 

5 1 5  

28 6 

1 89 0  

3305 

1 4 1 208 

5072 

25 6 1  

7 1 7 5 

589 1 

1 5 5 4 4  

1 1 266 

2 7 3 99 
508 1 

1 6  

1 6  

1 6  

1 06 

39,60 

1 30 1  

Average 
ce l l s/mL 

5 . 8 

4 9 . 8  

76 . 7  

25 . 2  

7 . 2  

9 . 7  

1 7 . 9  

25 . 3  

20 . 8  

1 35 . 5  

3 . 0 

8 2 . 0 

1 3 . 4  

1 5 . 3  

1 1 . 5  

1 1 1 . 7 

. 8  

1 58 . 6  

5 3 . 4 

3 0 . 4  

5 64 . 8  

70 . 1  

3 3 1 7 1  1 

2 1 9 . 1 

9 1 . 5 

69 7 . 3  

2 35 . 9  

3 33 . 2  

4 6 0 . 1 

404 . 4  

79 . 5  

1 . 4 

. 7  

1 . 0 

3 . 8  

1 29 6 . 0 

5 64 . 3  

TOTAL 

% of Tot a l  
Ce l l s  

. 0 1  

• 1 2  

. 1 9 

. 06 

. 02 

. 02 

. 04 

. 06 

. 05 

. 34 

. 0 1  

. 20 

. 0 3 

. 04 

. 03 

. 28 

. 0 1  

. 40 

. 1 3 

. 08 

1 . 4 1  

. 1 8 

8 2 . 8 1  

. 55 

. 23 

1 .  74 

. 59 

. 8 3  

1 . 1 5 

1 . 0 1  
. 20 

. 0 1  

. 0 1  

. 0 1  

. 0 1  

3 . 24 

1 . 4 1  

9 7 . 5 1  

Mea n  
8 l ovo ! u me 

3 pm / mL 

3 6 1 29 

1 1 64 5  

4 7 3 60 

1 1 5 22 

5 3354 

1 4 7 3 6  

98 3 6  

5 0 74 24 

5 1 06 4  

1 1 05 4  

8 34 1 5  

704 

1 1 99 1  

9465 

7 1 72 

1 98 37 

1 4 024 

1 78 1  

1 28 9  

66 1 8 3  

328 1 3  

1 9  

8 8 9 3  

1 65 0  

68 4 4  

1 826 

2 78 5  

1 04 

329 5 

1 5 7 9 6  
4 4 66 

66724 

6932 

1 03 0 0  

1 9 74 1 

24405 

9 2 38 

TOTAL 

% of Tot a I 
8 l ovo l ume 

2 . 65 

. 8 5  

3 . 4 7 

. 8 5  

3 . 9 1  

1 .  08 

. 72 

3 7 . 22 

3 . 75 

. 8 1  

6 . 1 2  

. 05 

. 88 

. 69 

. 5 3  

1 .  46 
1 .  03 

• 1 3  

• 09 

4 . 8 5  

2 . 4 1  

. 0 1  

• 65 

. 1 2 

. 5 0 

. 1 3 

. 20 

. 0 1 

. 24 

1 .  1 6  

. 33 

4 . 8 9 

• 5 1  

• 76 

1 . 4 5  

1 .  7 9  

. 68  

8 6 . 98 
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TABL E  7 .  S ummary o f  major p hytop l ankton spec i es occu rrence I n  L ak e  H u ron d u r i ng 1 98 3 .  S u mmary I s  
based on a l I samp l es an a l y z ed .  S u mmary i n�l udes ) t he max i mum popu l at i on den s i ty encountered, the  
average pop u l at i on dens i ty and  b l ovo l ume, and  the re l at i ve a b u n dance < %  of  tot a l ee l I s  and  % of  tota l 

b l ovo l ume ) .  Major spec i es w ere arb i t r ar i l y  def i ned as h av i ng an ab u nd ance of >0 . 1 %  of the 
tot a l ee l I s  or >0 . 5 %  o f  t he tot a l b l ovo l u me .  

Taxon Max i mum 
ce l l s/mL 

Average 
ce l l s/mL 

% of  Tot a l 
Ce l l s 

Mean 
8 l ovo l ume 

3 pm / mL 
% of Tot a l 
8 I ovo I u me  

8AC I L LAR I OPHYTA 
Aster l one l I a  formos a 
Cyc l ote l I a  comens l s  
Cyc l ote l I a  comta 
Cyc l ote l I a  k uetz i ng l an a  v .  p l anetop hora 
Cyc l ote l l a  oce l l at a  
Cymatop l eu r a  so l ea v .  ap l cu l at a  
Frag l l ar l a  c rotonens l s 
F r ag l l ar l a  l ntermed l a  v .  t a l  l ax 
Me l os i ra l s l an d l ca 
Rh l zoso l en l a  sp . 
Ste p hanod l sc u s  n l agarae 
Step h anod l sc u s  t rans l l v an l cu s  
Tabe l I ar i a  f l occu l os a  
Tabe l I ar i a  f l occu l os a  v .  I l near l s  

CHRYSOPHYTA 
Chry sosp haere l I a  l ong l sp l n a 
D t nobryon cy l l ndr l cu m  
D t nob ryon d l vergens 
D l nobryon soc l a l e  v .  amer l canum 
Haptop hyte sp . 

CRYPTOPHYTA 
Cry p tomon as erosa 
Cryp tomonas e rosa v. ref l exa 
Cryp tomon as py reno l d l f er a  
Rhodomonas m l nuta v .  n an nop l ankt l ca 

CYANOPHYTA 
Anacy st l s  mar i na 
An acy st l s  montana v .  m i nor 
Anacy st l s  t herma l I s  
Coccoch l or l s e l ab an s  
Coccoch l or l s  p en l ocy st l s  
Coe l osp h aer l um n aege l I an u m  
Gomp hosp h aer l a  l acu str l s  
Osc l l l ator l a  I l mn et l ca 

PYRm IOPI IYTA 
Cer at l um h l r u n d l ne l  I a  
Gymnod i n i um s p .  
Gymnod i n i um sp . 12 

UN I DENT ! F ED 
U n i d ent i f i ed f l age l l ate - ovo i d  
U n i dent i f i ed f l age l l ate - spher i ca l  

1 03 
38 5  

5 1  
80  

254 
� 

1 23 
60 
90 

1 4 3  
3 
8 

1 33 
2 1  

74 
1 64 
1 4 1  
524 
859 

1 6  
8 

33 
3 1 1 

555 1 8  
2556 

1 1 5 
434 

7929 
900 
920 
974 

2 
8 
2 

1 1 35 
52 1 1  

9 . 7  
49 . 2  

6 . 4 
1 6 . 5  
29 . 9  

. 2  
27 . 6  

8 . 2  
1 2 . 7 
1 7 . 2  

. 3  

. 9  
20 . 3  

1 .  4 

1 3 . 5  
1 6. 1 
2 1 . 6  
49 . 1 

1 68 . 0  

5 . 4  
1 .  3 
6 . 1 

204 . 4  

1 80 1 0 . 5  
379 . 9  

1 7 . 3  
3 7 . 7  

1 332 . 4  
73. 7 
37 . 6  
8 7 . 2  

• 1 
. 3  
. 2  

489 . 3  
8 70 . 5  

TOTAL 

. 04 

. 29 

. 03 

. 07 

. 1 3 

. 0 1  

. 1 2 

. 04 

. 06 

. 08 

. 0 1 

. 0 1  

. 09 

. 0 1  

. 06 

. 07 
• 1 0  
. 22 
• 75 

. 02 

. 0 1  

. 03 

. 92 

8 0 . 63 
1 .  70 

. o8 

. 1 7  
5 . 96 

. 33 

. 1 7 

. 39 

. 0 1  

. 0 1  

. 0 1  

2 . 1 9  
3 . 9 0  

98 . 72 

295 7 
1 698 

1 7659 
49 75 
2330 

1 3446 
22889 

5 0 1 9  
1 6985 

1 27442 
5755 
88 38 

60602 
2554 

5276 
585 0  
4704 
5997 
1 57 1  

1 02 1 3  
2472 
3497 

1 5 1 7 3 

8456 
1 667 
2425 

42 1 
3336 

332 
204 
28 1 

5590 
2735 
3374 

1 0434 
1 2335 

TOTAL 

. 66 
. 9  

3 . 94 
1 . 1 1  

. 52 
3 

5 . 1 1  
1 . 1 2 
3. 79 

28 .44 
1 . 28 
1 . 97 

1 3 . 52 
. 57 

1 . 1 8 
1 . 3 1  
1 . 05 
1. 34 

. 35 

2.28 
. 55 
• 78 

3 . 39 

1 . 89 
. 37 
. 54 
. 09 
• 74 
. 07 
. 05 
. 0 6  
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TAB L E  8.  S ummary of  major p hytop l ankton  spec i es occ u r rence In  L ak e  M i ch i gan d u r i ng 1 98 3 .  
Summary I s  b ased o n  a l I samp l es ana l yz e d .  Summary I nc l udes t h e  max i mu m  p op u l at i on den s i ty 
encou ntered, the average pop u l at i on den s i ty and  b i ovo l ume, a n d  the re l at i ve abu n d ance < %  of 
tot a l  ee l I s  and % of  tot a l b i ovo l u me ) .  Major spec i es were arb i t r ar i l y  def i ned as h av i ng an 
ab u n d ance o f  >0 . 1 %  o f  the tota l ce l l s  o r  >0 . 5 %  of  the tot a l b l ovo l ume .  

Mean 
Taxon Max i mum 

ee l I s/mL 
Average % of Tota l  

ee l I s/mL Ce l I s 
B l ovo l ume % of Tot a l  

1J m 3 / mL B l ovo l u me 

BAC I L LAR I OPHYTA 
Aster l on e l I a  formos a 
Cyc l ote l I a  comens l s  
Cy c l ote l I a  comta 
Cyc l ote l I a  m i ch i gan l an a  
Cymatop l eura  so l ea 
Entomone l s  ornat a  
Frag i l ar l a  c rotonens l s  
F rag l I ar i a  vaucher l ae 
Me l os i ra l s l an d l c a  
Me l os i ra l t a l  l ea subsp . subarct l ca 
Rh i zoso l en l a er l en s l s  
Rh f zoso l en l a  sp . 
Step hanod l scus  a l p f nu s  
Step h anod l scus  n l agarae 
Stephano d l scus  trans l l v an l c u s  
Tabe l I ar i a  f enest rat a 
Tabe l l ar l a  f l occu tos a 

CHLOROPHYTA 
Cosmar l um sp . 
Green cocco i d  - b ac l I I ! form 
Monorap h i d l um conto rt um 
St l chococcu s  sp . 

CHRYSOPHYTA 
D i nob ryon cy l l n d r l cum  
D l nobryon d l vergens 
D i nobryon soc la l e  v.  amer l canu m  
Haptoph yt e  s p .  
Un i dent i f i ed cocco l ds 
Sty l ot heca aurea 

CRYPTOPHYTA 
Chroomon as norstedt l l  
Cryptomonas e rosa , 
Cry ptomon as erosa v .  ref l exa 
Cryptomonas marsson l I 
Cryptomonas py reno l d l f era 
Rhodomonas m f nuta v. nannop l ankt l ca 

CYANOPHYTA 
Anacy st l s  mar i n a 
Anacy st l s  montana v .  m i nor 
Coccoch l or l s  pen l ocyst l s  
Coe l osp h aer l um n aege l I anum 
Gomp hos phaer l a  l acu str l s  
Osc l l l ator l a  agard h l I 
Osc l l l ator l a  I l mnet l c a  

PYRRHOPHYTA 
Cerat l um h l r u nd l ne l l a  
Gymnod i n i um s p .  12 
Per l d l n l um sp . 

UN I DENT I F I ED 
U n i dent i f i ed f l age l l ate - ovo i d  
U n i dent i f i ed f l age l l ate � sp her i ca l  

206 
834 
1 58 
1 1 7 

5 
4 

755 
1 1 5 
1 37 
357 

53 
1 33 
22 
1 8  
6 

79 
202 

8 
376 
20 1 
76 1 

3 1 1 
258 
802 
785 
540 
172 

202 
25 
1 1  
25 
49 

777 

1 200 1 9 
3289 

1 1 437 
1 227 
8 1 8 
344 

2266 

8 
1 6  
8 

1 630 
1 859 

1 1 . 8 
52 . 7 

6 . 3  
1 2 . 1 

. 3  

. 2  
59 . 4  
1 0 . 0  
1 2 . 1 
36 . 6  

2 . 6  
1 .  7 
3 . 0  

. 8  

. 3  
4 . 1 

1 6 . 8  

• .4 
39 . 5  
38 . 1  
23 . 0  

1 7 . 8  
1 5 . 5  
4 7 . 7 

1 85 . 0  
4 6 . 5 

6 . 7  

28 . 8  
6 . 7 
1. 2 
2 . 5  
C5 .  1 

268 . 8  

23607 . 8  
45 1 . 2 

1 339 . 7  
39 . 3  
37 . 9  
1 4 . 2  

1 39 . 3  

. 2  

. 3  

. 4  

393 . 4  
4 99 . 2  

TOTAL 

. 04 

. 24 

. 02 
• 04 
. 0 1  
. 0 1  
. 2 1  
. 04 
. 04 
. 1 3 
. 0 1  
. 0 1  
. 0 1  
. 0 1  
. 0 1  
. 0 1  
. 06 

. 0 1  

. 1 4 

. 1 4 

. 08 

. 06 

. 06 

. 1 7 

. 66 

. 1 7 

. 02 

. 1 0 

. 02 

. 0 1  

. 0 1  

. 02 
. 96 

84 . 6 1  
1 . 62 
4 . 80 

. 1 4 

. 1 4 

. 05 

. 50 

. 0 1  

. 0 1  

. 0 1  

1 . 4 1  
1 .  79 

98 . 62 

354 1 
1 958 

1 5647 
2664 
599 1 
3346 

42373 
4572 

1 0920 
6667 
6 1 65 
7204 

1 9375 
987 6  
6326 
724 7 

4899 1 

6985 
832 
3 1 0  

1 969 

5 732 
23 1 7  
6227 
2306 

478 
2 1 42 

653 
1 4 345  
2464 
2249 
2783 

22375 

6329 
2994 
30 1 4  

1 65 
265 

279 1 
1 033 

20898 
3765 
2584 

9 707 
84 1 5  

TOTAL 

. 9 1  

. 97 
4 . 0 1 

. 68 
1 . 5 4  

. 8 6  
1 0 . 86 

1. 1 7  
2 . 80 
1 .  7 1  
1 . 58 
1 . 8 5  
4 . 96 
2 . 5 3  
1 . 62 
1 . 8 6  

1 2 . 55 

1 .  79 
. 2 1  
. 08 
. 5 0  

1 . 47 
. 59 

1 . 60 
. 59 
• 1 2  
. 55 

• 1 7  
3 . 68 

. 63 

. 58 

. 7 1 
5 . 73 

1 . 62 
. 77 
. 77 
. 04 
. 07 
. 72 
. 26 

5 . 36 
. 96 
. 66 

2 . 49 
2 . 1 6  

8 7 . 34 



1 /IB L E 9 .  Re l at i v e  ab u n d an c e  o f  t ax a  a n d  n u mb er o f  t axa a n d  gene r a  ob ser v e d  I n  each z oop l ank ton group i ng, 1 98 3 .  

L AK E  E R I E  LAKE HURON LA!fE M I CH I GAN 

% o f  Tot a l % o f  Tota l  � % o f  Tot a l  
T axa Gener a Ab u nd ance Taxa Gener a A b u n d ance Taxa Ge nerca Ab u n d ance 

Rot I f er a  3 4  1 8  69 . 2  3 1  1 7  4 1 .  1 3 3  2 0  59 . 7  

C l adocer a 1 9  1 3  6 1 5  8 4 . 6 23 1 3  3 . 2  

Ca l eno l d a 1 0  5 3 . 7 9 4 1 9 . 6 1 0  5 1 0 . 1 

Cy c l opo l da 7 4 5 . 4  5 3 1 1 . 2  5 4 5 . 7 

Harp act l eo I d a 1 - <0 .  1 0 0 0 1 - <0 . 1 

My s  J dacea 0 0 0 1 1 <0 . 1 1 1 <0.  1 

Copepo d a  n a u p l I I  - - 1 5 . 8  - - 23 . 1 - - 2 1 . 3  

Tot a l  7 1  4 1  6 1  3 3  7 3  4 3  

I-' 
..r::. (J) 
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TABLE 10 . Mean abundances of z ooplankton groups during the study period . 

Lake Erie Lake Huron Lake Michi8an 

Rotifera 195 , 966 1 7 , 035  41 , 33 1  

Cladocera 1 6 , 224 2 , 448 2 . 1 43 

Cop epoda Nauplii  41 , 5 15  5 , 924 1 1 , 893 

Cyclop oida 1 2 , 759  5 , 07 2  3 , 924 

Calanoida 9 , 1 15 1 0 , 67 7  6 , 1 3 8  

Mys idacea 0 0 0 . 33 

Harpacticoida 4 . 2 0 0 . 10 

Mean 288 . 341  46 , 230 69 , 353 
( 1 95 11 3 44 )  ( 44, 5 0 2 )  (35 , 087 ) 
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TABL E  1 1  S u1m1ary of  co1m1on zoop l ankton spec i es occ u r re nce I n  L ak e  Er i e  d u r i ng 1 983. 1 V a l ues are from 
the short zoop l ankton hau l s . S u mmary I nc l udes the max i mum popu l at i on dens i ty encountered, the average 
dens i ty and the re l at i ve ab u n d ance. Parentheses I nd i c ate v a l ues f rom the l ong h au l . 

Max i mum Average 
Organ l sms/m3 Dens i ty % of Tota l 

Taxon ') X 1 000 11m 3 Organ i sms 2 

ROT I FERA 
Po l y arthra  vu l g ar i s  
Sy nch aet a sp . 
Kerate l I a  coch l ear l s  
Conoch l  I u s un i corn  I s  
Kerate l I a  h l ema l I s  
B rach l on u s  sp . 
Po l y arfhra  do l l chop tera 
Po l y a rt hra major 
Ascomorp ha ecaud l s  
Notho l ca l au rent l ae 
Co l l et heca sp . 
Kerate l I a  crassa 
Not ho l ca fo l l acea 
Ke l I l cott i a  l ong l sp l na  

CLADOCERA 
E ubosm l n a coregon l 
Dap h n i a  ga l aeta mendot ae 
Dap h n i a  ret rocu rva 
Bosm l n a l ong l rostr l s  
D i ap h anosoma l euchtenberg i anum 
Chy dor u s  sp h aer l cu s  

COPEPODA 
Cop epod a  n aup  I I I  

Cyc l opo i d a  
Cyc l opo l d  copepod l te 
Cyc l op s  b l c usb i d at u s  t homas ! 
Mesocy c  I ops edax 
Tropocy c l op s  p ras i nu s  mex l canus  

Ca l ano l da 
Ca l ano l d  copepo d l te 
D l aptomu s oregonens l s  
D l aptomus s l c l l o i des 

334 . 0  
370 . 0  
1 1 1 . 0 
1 1 2 . 0 
1 27 . 0  
540 . 0  
1 55 . 0  

24 . 0  (26 ) 
64 . 0  
8 3 . 0 
59 . 0  
97 . 0  
59 . 0  
37 . 0  

64 . 0  
60 . 0  
70 . 0  
8 . 0  
9 . 0  

1 4 . 0  

1 33 . 0  

22 . 0  (25 ) 
1 2 . 0  
1 5 . 0  

3 . 3  ( 6 . 0 )  

40 . 0  
1 2 . 0 
1 3 . 0  

TOTAL 94 . 4  

49739 
29442 
1 9647 
1 4006 
1 070 1 
9307 
8 329 

6395 (8558 ) 
6446 
69 64 
5298 
5384 
5402 
3590 

4505 
4055 
4 1 8 3 
1 628 
966 
476 

4 1 5 1 5  

75 1 2  ( 1 08 95 ) 
2825 
1 669 

748 ( 1 782 ) 

6 1 20 
2034 

600 

1 .  Spec i es w ere arb i tr ar i l y  c l ass i f i ed as common I f  t hey accounted for >0 . 1 $  of the tot a l  
abu n d ance f or the study p er i od except for t he Rot l f er a .  Rot l fer  spec i es w ere cons i dered 
common I f  t hey accou nted for > 1 . 0% of the tot a l abund ance . 

2 .  Short a n d  l on g  h au l s  are g ro u p ed together . 

1 8 . 44 
9 . 54 
7 . 27 
5 . 34 
3 . 53 
2 . 98 
2 . 70 
2 . 62 
2 . 33 
2 . 27 
2 . 03 

. 1 .82 
1 .  75 
1 . 29 

1 . 66 
l . 54 
1 . 42 

. 65 

. 38 

. 1 6 

1 5 . 76 

3. 1 3  
1 . 23 

. 67 

. 36 

2 . 54 
.82 
• 19  
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TABL E  1 2  Summa ry of common zoop l ankton spec i es I n  L ak e  H u ron d u r i ng 1 983.  Summa ry 
I nc l u des the max i mum pop u l at i on den s i ty encou ntered, the  average dens i ty and the  
re l at i ve ab und ance. V a l ues are  f rom the  short zoop l ankton h a u l s . Parentheses I n d i cate 
v a l u es f rom the  l ong h au l .  

ROT I FERA 

Taxon 

Conoch i l us u n l corn l s  
Ke l I l cott l a  l ong l sp l na 
Kerate l I a  coch l ear i s  
Po l y art hra v u l gar i s  
Gast rop us sty l l f er 
Sy nchaet a sp . 
Co I I etheca sp . 

QADOCERA 

COPEPODA 

Dap h n i a  ga l aeta men dotae 
Bosm l na l ong i rost r l s  
Dap h n i a  pu l ! c ar l a  
Dap h n i a  ret rocurva  
E ubosm l na coregon l 
Dap h n i a  schod l er l  
Dap h n i a  cataw b a  
Ho l oped l um g l bberum 

Cop epo d a  naup l I I  
Cyc l opo l d a  

Cyc l opo l d  copepo d l te 
Cy c l op s  b l cu?p i d atus  thomas ! 
Tropocy c l op s· p ras l nu s  mex l ca n u s  
Mesocy c I op-s ed ax 

Ca l ano l d a  
Ca l ano l d  copepo d l te 
D i aptomus m l n u t u s  
D l aptomus ash l an d ! 
D l aptomu s s l c l  I I s  
D i aptomu s oregonen s l s  

Max i mum 
Organ l sms/m3 

1 9 , 750 
7, 1 06 ( 2 1 , 72 1 ) 
5 , 457  ( 1 8 , 633 ) 
8 , 249 
4 , 244 ( 6, 8 1 5 ) 
1 , 277  
2, 1 9 6  

4 , 076 
1 , 598 ( 2, 8 1 3 )  
2 ,  79 1 
2, 1 48 ( 2, 423 ) 
998 
1 ,  630 
0 ( 1 ,  6 1 0 )  
408 ( 4 68 ) 

1 1 , 766 ( 38 , 290 ) 

8 , 608 
2, 346 
577 
930 

1 9 , 707 
2, 063 
802 ( 1 ,  008 ) 
1 ,  1 4 1  
4 1 3  

Average 
D�'>11 S i ty 
�; uutoer/m3 

7 , 050 
2 ,  088 ( 1 76 )  
2 , 040 ( 356 ) 
2 , 955 
1 ,  1 32 (8 1 ) 
1 75 
8 48 

1 ,  029 ( 1 6 )  
5 1 8 ( 409 ) 
363 
74 (82 ) 
229 
1 64 
0 ( 70 ) 
58 

5 , 924 (962 ) 

4 ,  3S. 7 
452  
1 09 
1 1 5 

9 , 666 
465 
206 ( 332 ) 
1 45 
1 40 

TOTAL 

Percent 
of Tot a l  

Organ I sms 2 

1 1 . 2 
8 . 6  
7 . 2  
5 . 3  
2 . 6 
1 . 7  
1 . 5 

1 . 4 
1 . 2 

. 7  

. 6  

. 4  

. 2  

. 2  
• 1 

23 . 1 

9 . 8 
1 • 1 

. 2  

. 1  

1 7 . 6  
. 8  
. 6  
. 4  
. 3  

9 7 . 0  

1 .  Spec i es w ere arb i tr ar i l y  c l ass i f i ed a s . common I f  t hey accounted for >0 . 1 %  o f  the 
tota l ab u n dance f or the  study p er i od w i th the except i on o f  the Rot l fera.  Rot l fer 
spec i es w ere cons i de red common I f  they accounted f o r  > 1 . 0% % of the tot a l abundance.  

2 .  S hort a n d  l ong  h au l s  are grouped together . 

1 49 



TABL E  1 3  S ummary of common zoop l ankton spec i es occ u r re nce I n  L ak e  M i ch i gan d u r i ng 1 98 3 . 1 

V a l ues are f rom the  short zoop l ankton hau l s . Summary I nc l udes the max i mum popu l at i on 
dens i ty encountered, the average dens i ty and  th� re l at i v e  abundance. Parentheses I nd i c ate 
v a l ues f rom the l on g  hau l . 

ROT I FERA 

Taxon 

Po l y a rthra  v u l gar i s  
Sy nch aeta sp .  
Kerate l I a  coch l ear I s  
Po l y art hra  major 
Ke f I l cott l a  l ong l sp l na 
Conoch l l u s u n l corn l s  
Po l y art h ra do l i choptera 
Kerate l I a  c rassa 
G astrop u s  sty l ! f er 
Co l l et heca sp . 
Kerate l I a  ear l l nae 
Notho l ca sq u amu l a  

CLADOCERA 

COPEPODA 

Bosm l na l ong l rostr l s  
Dap h n i a  ga l aet a men dota 
Dap h n i a  p u l ! c ar l a  
Daph n i a  ret rocurva  
Eubosm l na coregon l 
Ho l oped l um g l bberum 

Copepod a  naup I I I  
Cyc l opo l da 

Cyc i opo l d  copepo d l te 
Cyc l op s  b l cusp l d at u s  t homas ! 
Tropocy c l op s  p ras l nu s  mex l canus  

Ca l ano l da 
Ca l ano l d copepod l te 
D l aptomus  ash l an d ! 
D l aptomu s  s l c l l I s  
D l aptomus m l nutus  
D i aptomus o regonens l s  
L l mnoca l an u s  mac r u r u s  

0 Max i mum 
Organ l sms/m 3 
X 1 000 

1 09 
8 4  
5 8  
2 3  
1 0  ( 1 5 )  
2 1  
33 
1 2  ( 23 )  
1 2  ( 3 1  ) 

6 . 0 ( 6 . 5 )  
1 9  
1 1  

1 7  
3 . 5 
6 . 1 
3 . 2 
1 . 2 
2 . 1 

39 

27 
5 . 2  
3 . 6 

1 4  (43 ) 
6 . 5  
4 . 2  

. a  
1 . 0 ( 1 . 1 )  
1 . 7  

Average 
Den s i ty 
Number/m3 

1 6992 
8593 
3463 
1 928 
98 1 ( 4 ,  688 ) 

1 772 
1 368 

982 ( 63 ) 
9 1 7  ( 972 ) 

1 083  ( 39 1 ) 
8 37 
594 

923 
445 
376 
1 1 5 
95 
86 

1 1 893 

25 1 6  
1 1 40 
238 

4 589 ( 5 ,  099 ) 
699 
386 
1 67 
1 1 5 (88 ) 
1 38 

Percent 
o f  Tot a l  
Organ i sms2 

20 . 8  
1 1 . 6  
7 . 2  
3 . 1 
2 . 6  
2 . 5  
2 .  1 
1 . 9 
1 .  7 
1 .  6 
1 . 0 
1 .  0 

1 . 4 
. 6  
. 7  
. 2  
• 1 
. 1  

2 1 . 3  

3 . 7  
1 . 6 

. 3  

7 . 7 
1 • 1 

. 6  

. 2  

. 2  

. 2  
TOTAL 97 . 7 

1 .  Spec i es were arb i tr ar i l y  c l ass i f i ed as common I f  t hey accounted for  >0 . 1 � of the  tot a l 
ab u n d ance f or t he study per i od w i th the excep t i on of the  Rot l fera .  Rot l fer spec i es w ere 
con s i dered common I f  they accounted for > 1 . 0� o f  the tot a l  ab u n d ance . 

2 .  S ho rt and  l on g  h au l s  are g ro u p ed together .  

150 



151 

TABLE 1 4 .  Zooplankton species having maj or differences in abundances 
between the long and short hauls .  Lake Erie . 

short l ong 
Taxon 11 1m3 % 111m3 % 

Rotifera 
Synchaeta sp . 29442 10 . 68 1447 0 . 82 
Kerat ell a  hiemal is 1 0 70 1  3 . 88 15 1 4  0 . 86 
Polyarthra dolichoptera 83 29 3 . 02 488 0 . 04 
Notholca laurentiae 6964 2 . 5 2  6 1 6  0 . 3 5  
Polyarthra maj or 63 94 2 . 3 2 8558  4 . 87 
Notholca foliacea 5 40 2  1 . 96 300 0 . 1 7 
Keratella crass a  53 84 1 . 95 1426 0 . 81 
Notholca squamula 191 6 0 . 69 7 1  0 . 04 
Keratella earlinae 1 6 7 2  0 . 6 1 229 0 . 1 2 

Cladocera 
Daphnia retrocurva 41 83 1 . 5 2 1 23 9  0 . 70 
Chydorus sphaericus 47 6 0 . 1 7 64 0 . 0 4 

Cyclop oida 
Cyclop s bicuspidatus thomas i 2825 1 . 02 485 7 2 . 76 
Mesocyclops  edax 1 669 < 0 . 0 1  20 1 1  1 . 1 1 
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TABLE 15 . Zooplankton species having maj or differences in abundances 
between the long and short hauls ,  Lake Huron . 

(' 

short long 
Taxon 411m3 % /1 /ml % 

Rotifera 
Conochilus unicornis 7050  17 . 13 2492 6 . 1 7 
Polyarthra vulgaris 2955 7 . 1 8 1506 3 . 75 
Keratella cochlearis 2040 4 . 96 3637  9 . 01 
Synchaet a  sp . 1 7 4  0 . 42 1 105 2 . 70 
Keratella earlinae 82 0 . 20 1 6 8  0 .  41 
Keratella quadrat a 7 4  0 . 1 8 609 1 . 50 
Notholca laurent iae 27 0 . 07 330 0 . 80 

Cladocera 
Daphnia galaeta mendotae 1 0 29 2 . 5 1 1 81 0 . 45 
Daphnia retrocurva 7 4  0 . 1 8 388  0 . 96 
Daphnia schodleri 1 6 4  O o  40 20 < 0 . 01 
Eubosmina coregoni 229 0 . 5 6  97 0 . 24 

Copepoda 
Cop epoda nauplii 5924  14 . 39 1 23 1 9  30 . 50 

Cyclopoida 
Mesocyclop s  edax 1 15 0 . 28 55 0 . 1 4 
Trop ocyclop s  prasinus mexicanus 1 0 9  0 . 26 5 2  0 . 13 

Calanoida 
Calanoid cop epodite 9 666 23 . 50 5 100 1 2 . 60 
Diaptomus minutus 465 1 . 13 190 o .  47 
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TABLE 1 6 .  Zooplankton species observed in either the long o r  short hauls .  
Lake Huron . 

Cladocera 
Daphnia cat awba 
Daphnia dubia 
Diaphanosoma leuchtenbergianum 

Cyclopoida 
Cyclop s  vernalis 

Mys idacea 
Mys is relicta 

Rotifera 
Notholca squamula 
Notholca foliacea 
Polyarthra remata 
Keratella hiemalis  
Keratella cochlearis hispida 
Cephalodella  sp . 
Monostyla lunaris 
Euclanis sp . 

Mean 
11Im3 

70 . 0  
1 . 9  
0 . 3 6  

0 . 49 

0 . 26 

7 2 . 0  
29 . 0  
1 0 . 0  
1 0 . 0  

2 . 9  
3 . 1  
1 . 7  
0 . 42 

% o f  Tot al 
Abundance 

. 3 7 

. 005 
< . 00 1  

. 00 1  

< . 00 1  

. 41 

. 07 3  

. 027  

. 025 

. 00 7  

. 00 7  

. 00 4  

. 00 1  

Type of  Haul 

long 
short 
short 

short 

long 

l ong 
l ong 
short 
l ong 
short 
short 
short 
l ong 
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TABLE 1 7 . Zooplankton species having maj or differences in abundances 
between the long and short hauls .  Lake Michigan . 

short long 
Taxon 11Im3 % 11Im3 % 

Rotifera 
Polyarthra vulgaris 1 6992  25 . 97 2662 7 . 96 
Kellicottia longispina 980 6 . 50 1 7 5 6  5 . 25 
Keratella earlinae 836 1 .  27 141 0 . 42 
Keratella quadrat a 1 44 0 . 22 3 9 1  1 . 1 7 

Copepoda 
Cop epoda nauplii 1 1 893 1 8 . 17  9662 28 . 91  
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TABLE 1 8 .  Zooplankton species ob served i n  either the long o r  short  hauls .  
Lake Michigan . 

Mean % of Tot al 
11Im3 Abundance Type of Haul 

Rotifera 
Lecane tunuiseta 2 . 7  . 008 l ong 
Notholca s t riata 1 . 0  . 003 long 
Encentrum sp . 0 . 85 . 003 long 
Notholca acuminat a 0 . 3 8  . 00 1  l ong 
Euclanis sp . 0 . 28 < . 00 1  l ong 
B rachionus quadridentatus 0 . 1 9 < . 00 1  l ong 
Monostyla sp . 0 . 13 < . 001  s hort 

Cladocera 
Ceriodaphnia lacustris 0 . 79 . 001  short 
Daphnia longiremis 0 . 7 8  . 00 1  short 
Daphnia middendorffiana 0 . 04 < . 00 1  short 
Camp tocercus rect irostris 0 . 04 < . 001  l ong 
Diaphanosoma leuchtenbergianum 0 . 27 < . 00 1  short 

Cyclopoida 
Eucyclops prionophorus 0 . 01 < . 001  short 



TABL E  1 9 .  Comp ar i son of  average ab u n dance and b f omass of  p l ankton 
i n  L akes Er i e, Hu ron an d M i ch i gan, Ap r i l -October, 1 98 3 

A l ga l  A l g a l  Zoop l ankton Ca l ano f d  
Ab u n d ance B i omass A b u n d ance Cyc . +C I  ad . 

( ce l l s/m l ) C g/m3 ) ( #/ml ) 

L ake E r i e  40, 055 1 . 36 288, 34 1 0 . 33 

L ake Hu ron 1 9, 1 47 0 . 38 46, 230 1 . 43 

L ake M i ch i gan  29, 839 0 . 42 69, 353 1 . 02 

1 58 



TABLE 20 . Mean max imum abundanc e  of s e le c t ed c ommon phyt oplankton spec ies in 
1 97 0 and 1 9 83 .  Lake Er i e . Dat a  from Munawar and Munawar ( 1 97 6 )  and t h is s tudy . 
1 970 data - graphical  accuracy . 

Act ino cyc lu s  normani i 

St ephanod is cu s  
niagara e  

St ephanod i s cu s  
t enu is 

S t ephanod is cu s  
b inderanu s  

Frag i laria 
c ro tonens i s  

Fragi la r ia 
c apuc ina 

Per id inium 
a c icu l iferum 

Cerat ium 
hirund ine l la 

Rhodomona s 
minuta 

Crypt omona s 
eros  a 

Ped ias t rum 
s imp l ex 

Staura s t rum 
paradoxum 

Aphanizomenon 
f lo s -aquae 

Os c i l latoria 
subbrev i s  

BAS IN 

Wes t ern 

Ea s t ern 
C entral 
Wes t ern 

Wes t ern 

Wes t ern 

Eas t ern 
C entral 
Wes t ern 

C entral 
Eas t ern 

C entral 
Ea s t ern 

C entral 
Eas t ern 

Eas t ern 
C ent ra l  

Wes t ern 

C ent ra l 

C ent ra l 

Wes t ern 

Wes t ern 

4 . 7  

1 . 4 
2 . 3 
0 . 6 

1 . 8 

0 . 5  

1 . 0 
3 . 4 
7 . 9 

2 . 4  
0 . 4 

0 . 2 
1 . 0 

1 .. 8 
2 . 0 

1 . 6 
0 . 4 

2 . 0 

0 . 4 

0 . 4 

2 . 0 

* 

1 9 8j 
g/m 

0 . 3 0  

1 . 0 5  
1 . 9 0  
0 . 1 2 

0 . 00 1  

0 . 1 1  

0 . 1 5 
0 . 1 1 
0 . 1 8 

0 .. 0 3  
0 . 006 

0 . 06 
0 . 05 

0 . 3 5 
0 . 3 1  

0 . 04 
0 . 10 

0 . 6 3  

0 . 06 

0 . 0 7  

0 . 1 0 

0 . 3 5  

* Not l is t ed a s  a common or uncommon species  by Munawar and Munawar ( 1 9 7 6 ) 

1 5 7 
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TABLE 2 1 . Total mean phytoplankton biomas s for the wes tern, central and 
eastern basins , 1 983 ,  Lake Erie . 

Biomas s ( g/m3 ) 

Western 
Bas in 

1 . 49 

Central 
Bas in 

1 . 59  

Eastern 
Bas in 

0 . 84 
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TABLE 22 . Comparison of  phytoplankton b iomas s  values between 1 95 6  and 1 9 83 in 
western Lake Erie . Modified from Gladish and Munawar ( 1980 ) . 

AUTHOR ( S )  

Davis ( 195 8 )  

Verduin ( 1 964)  

Munawar & Munawar 
(unpubl ished) 

Munawar & Munawar 
(unpublished) 

Gladish & Munawar ( 1980 )  

This study 

TIME AND LOCATION OF STUDY 

195 6 ,  Bass I s l and region 

June 1 95 7  to August  1 9 5 8  
Bas s  I s l ands region 

April to December 1970 
Off t ip of Pt . Pelee 

April to December 1970 
Near Detroit River mouth 

June 1 975  to September 1976  
Northern waters 

April to October 1983 

B IOM�S S  
g/m 

6 . 1  

4 . 1 

3 . 8  

4 . 9  

2 . 5 

1 . 5  



TABLE 23 . Comp arison 
Augus t  of 1 97 0  and 1 9 83 . 

Cyclotella michiganiana 

Cyclotella stelligera 

1 60 

of abundance of selected species at offshore s ites in 
Data from Holland and Beeton ( 197 2 )  and this s tudy . 

1 1  Augus t 1 970  
(Offshore S tations ) 

c e l l s / mL 

9 2  .. 1 82 .. 7 1  

300 , 467 , 613  

1 7  August 1983 
( Stations 22  & 27 ) 

c e l l s / mL 

0 . 44, 6 . 8  

0 . 17 .. 2 . 2  
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TABLE 24 . Phytopl ankton abundance in 1962 , 
Michigan . Data from Stoermer and Kop czynska 
( 1980 ) and this study . 

197 7 and 1 983 in southern Lake 
( 1967 a  and b ) , Rockweil et al . 

Year 

1 96 2-63 

1976-7 7 

1983 

1983 

Site 

Offshore 
Nearshore 

Offshore ( ? )  

Offshore 

(Mean of all 
Stat ions )  

Offshore 
( Stat ion 6 )  

Abundance 
cells/mL 

1 25-1 , 1 7 0  
? -2 , 77 0  

1 , 1 90-6 , 000 

14 , 944-48 . 305 
(with picoplankton) 

1 . 895-4 , 27 6 
(without p icoplankton) 

1 . 244-6 , 398  
(without p icoplankton) 

Sampling Dates  

April , May , June , July 
August , Sep tember 

April , June, August ,  
September 

April , May , July, Augus t  

lat e  Augus t , mid-October,  
l ate October 

late August , mid-Oc t ober,  
late October 
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TABLE 25 . Species having peak abundances in the western, central or eastern 
basin of Lake Erie , 1 983 . 

WESTERN BASIN 

Bosmina longirostris 
Eubosmina coregoni 
Diaphanosoma leuchtenbergianum 
Brachionus caudatus 
Brachionus sp . 
Filinia longiseta 
Keratella cochlearis 
Keratella 
Notholca 
Notholca 

earlinae 
foliaceae 
laurentiae 

Synchaeta sp . 
Trichocerca cylindrica 
Trichocerca multicrinis 

EASTERN BASIN 

Daphnia galeata mendotae 
Mesocyclops edax 
Tropocyclop s  prasinus mexicanus 

CENTRAL BASIN 

Diaptomus oregonens is 
Cyclop s  b icuspidatus thomas i  
Daphnia galeata mendotae 
Colletheca sp . 
Kellicot t ia longispina 
Keratella hiemalis 
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TABLE 26 . 
1 983 . 

Rat io o f  calanoids to cladocerans plus cyclopoids in Lak e  Erie , 

Calanoid 
Cladoceran + Cyclopoid ' 

WESTERN 

BASIN 

0 . 1 9 

CENTRAL 

BASIN 

0 . 3 1  

EASTERN 

BASIN 

0 . 45 

MEAN 

0 . 3 2 



TABLE 2 7 . Compar ison of  mean crus tacean abundanc e for the samp l ing per iod 
in 1 97 1 ( Apr i l-Novembe r ) ,  1 97 4/7 5 ( Apr i l-Novembe r )  and 1 98 3  ( Augu s t 
Oc tober ) .  1 9 7 1  dat a mod if ied from Wat son  and Carp enter  ( 19 74 ) , 1 97 4/7 5 
data from McNaught et  a l . ( 1 980 ) . NF = not found . Va lues are number/ m 3• 

SPECIES 
1 9 7 1  1 9 7 4/7 5** 1 9 83 

C lado c era 
Bo smina long iro s tr is 5 5 3  ( 1047 ) *  4109  518  
Eubosmina coregoni 330 ( 7 6 5 ) *  2084 229 
Daphnia ret rocurva 361  7 4  
Daphnia ga l eata mendotae  339  ( 8 52 ) *  6 9 2  1 0 29 
Daphnia longiremis 
Daphnia pu l icar ia 0 ( 0 )  0 363  
Chydoru s  sphaer icus 1 8  39 1 NF 
Ho lop ed ium gibberum 229 ( 58 0 ) *  576  58  

' 

Cyc lopo ida 
Cyc lop s bicu sp idatus 3764 ( 32 7 4) *  1 2 7 1  2346 

thoma s i  
Cyc lop s verna l is 7 . 5 ( 5 ) * 1 1 7  . s  
Tropocyc lops pras inus  6 3  ( 6 1 ) *  3 1 0  57 7 

mex icanu s  
Mesocyc lop s  edax 5 ( 6 . 7 ) *  9 1  1 1 5  

Ca lano ida 
D iaptomus a sh land i 246 ( 37 ) *  745  206 
D iap tomu s minu tu s  462 ( 32 2 ) *  966  46 5 
D iaptomus s ic i l i s  1 1 7 ( 7 7 } *  496 145 
D iap tomu s oregonens is  1 09 ( 9 2 ) *  1 9 2  140 
L imno ca lanu s  macrurus 6 4  ( 44 ) *  34 9 . 3 

* Augu s t , S eptember and October average 
** Inc ludes  S aginaw Bay 

1 6 4 



TABLE 2 8 . 
1983 . 

165 

Rat io o f  Calanoida to Cladocera plus Cyclopoida in Lake Huron. 

Calanoida 
Station Cyclopoida + Cladocera 

61 (North) 0 . 67 

5 4  1 . 1 1 

45 1 . 19 

3 7  1 . 5 7  

3 2  2 . 13 

2 7  1 . 3 7  

15  1 .. 60 

1 2  1 . 98 

0 9  1 . 3 1  

0 6  ( South) 1 . 2 3  
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TABLE 29 . Mean abundance of rotifers in Lake Huron in 1 9 7 4  and 1 9 83 .  
Data from Sternberger et al . ( 197 9 )  and this s tudy . NF = not found in short 
tow .  

1 9 7 4  1 9 83 
April-Nov . Aug . -Oct . 

/i/L #/L 

Colletheca sp . 0 . 8  0 . 90 

Conochilus unicornis 15 . 0  7 . 10 

Filinia longiseta 3 . 4  0 . 00 4  

Gastropus stylifer 5 . 2  1 . 10 

Kellicot tia longisp ina 6 . 8  2 . 10 

Keratella cochlear is 41 . 9  2 . 00 

Keratella earlinae 1 0 . 9  0 . 0 8  

Notholca squamula 7 . 4  NF 

Polyarthra dolichoptera 3 . 0 0 . 0 7  

Polyarthra remata 6 . 8  0 . 0 1  

Polyarthra vulgaris 1 7 . 6  3 . 00 

Synchaeta  kitina 8 . 1 NF 

Synchaet a  s ty lata 7 . 1  NF 

Synchaeta sp • 2 . 4  0 . 10 



TABLE 30 . Cladoceran abundanc e  in 1 9 54 .  1 9 66 . 1 968 and 1 983  in 1 6 7  

Lake Michigan. Dat a from We l l s ( 1 9 7 0 } and this s tudy . Dashes 
ind icate that no co l lect ions were made.  Va lue s  are number/m 3. 

Ear ly Late June- Mid- Ea r ly 
Spec ies  and Year June E ar ly Ju ly Ju ly August 

Lep todora k indt i i  
1 9 54 0 1 2 . 0  1 3 . 0  29 . 0  
1 96 6  0 0 . 2  2 . 9  3 . 5  
1 968 9 . 8 1 6 . 0  
1 98 3  3 3 . 5  

Daphn ia ga leat a  
1 9 54 2 . 3  160 . 0  580 . 0  1 200 . 0  
1 96 6  0 0 . 1  0 0 
1 96 8  2 . 5 0 . 4 
1 98 3  5 1 4 . 0  

Daphnia retro curva 
1 9 54 0 2 7 0 . 0  1 40 0 . 0  1 400 . 0  
1 96 6  0 2 .4 1 7 . 0  7 9 . 0  
1 9 6 8  1 20 0 . 0  2 10 0 . 0  
1 98 3  8 2 . 0  

D iaphana soma brachyurum 
1 954 0 . 1  4 . 5  4 . 3  1 . 6 
1 966 0 0 0 0 
1 968 0 0 
1 98 3  0 . 9  

Daphnia longiremis 
1 9 54 0 0 0 0 
1 96 6  6 . 1  5 . 7  1 . 2 1 6 . 0  
1 96 8  0 . 1  0 
1 98 3  0 

Daphn ia pu l icar ia 
1 954 
1 96 6  
1 96 8  
1 98 3  1 0 1 1  

Ho loped ium gibb erum 
1 95 4  : 0 0 0 0 
1 96 6  0 0 . 5  2 . 1  2 . 3  
1 96 8  5 . 8 4 . 6  
1 98 3  456 . 0  

Po lyphemus ped icu lus 
1 9 54 0 0 .. 5 0 . 6  2 . 0 
1 96 6  0 4 . 4 . 8 2 . 0  1 5  .. 0 
1 96 8  1 7 0 . 0  9 . 7 
1 98 3  1 2 . 6  

Bo smina longiros t r i s  
1 9 54 7 . 1  250 . 0  40 . 0  2 6 . 0  

. 1 966  30'8 0 320 . 0  240 . 0  9 8 . 0  
1 96 8  1 3 0 . 0  1 6 . 0  
1 98 3  342 . 0  

Eubo smina coregoni 
1 9 54 0 0 0 0 
1 96 6  0 0 . 1  0 . 3 0 . 6 
1 96 8  7 2 . 0  1 6 . 0  
1 98 3  1 59 . 0  

Cer iodaphnia quadrangu la 
1 9 54 0 0 0 0 
1 96 6  0 0 3 . 4 3 . 7 
1 9 6 8  0 . 3  0 . 5  
1 983  0 
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TABLE 3 1 . Cop epod abundance in 1 9 54 .  1 966 , 1 968 . and 1 983  in Lake 
Mich igan . Data from We l l s  ( 1 9 7 0 ) and th i s  s tudy . Dashes ind icat e  
that no co l l e c t ions were made .  Va lues  are number/m � 

Ear ly Late  June- Mid- Ear ly 
Spec ies  and Year June Ear ly July Ju ly August 

Limnocalanus macrurus 
1 954 460 . 0  1 6 0 . 0  7 1 . 0  9 1 . 0  
1 966 1 5 . 0  2 2 . 0  5 . 6 34 . 0  
1968  89 . 0  270 . 0  
1983  18 . 0  

Ep is chura lacustris  
1 9 54 3 . 7  20 . 0  140 . 0  41 . 0  
1 966 0 1 7 . 0  3 . 2  6 . 6 
1968  84 . 0  21 . 0  
1 983  18 . 5  

Diaptomus s ic i l i s  
1 9 54 190 . 0  7 2 . 0  1 2 . 0  3 .. 0 
1 966 0 3 . 0  2 .. 0 1 . 0 
1968  2 . 0 3 . 0  
1 983  7 9 . 0  

Meso cyc lop s edax 
1 9 54 0 260 . 0  460 . 0  200 . 0  
1 966 0 0 0 0 
1968  1 . 0 0 
1 983  1 2 . 5  

Sene c e l 1a ca lano ides 
1 9 54 0 0 . 6 0 . 4 0 . 2  
1 966 0 0 . 2  0 0 . 2  
1 968 0 . 2  0 . 1  
1 983  1 . 4 

Cyc lop s b icu sp idatus 
1 9 54 1 1 00 . 0  630 . 0  7 7 0 . 0  3 10 . 0  
1 966 1 7 0 0 . 0  1 300 . 0  1 900 . 0  1 000 . 0  
1968  1 200 . 0  860 . 0  
1 983  1457 . 0  

D iaptomu s ash land i 
1 9 54 25 . 0  160 . 0  200 . 0  140 . 0  
1 966 320 . 0  280 . 0  1 50 . 0  220 . 0  
1 968 67 . 0  1 3 . 0  
1 983  1 256 .. 0 

Cyc lop s verna l is 
1 9 54 0 0 0 0 
1 966 1 . 0 8 . 0  0 0 
1 968 1 . 0 0 
1 983  0 

Euryt emora aff inis 
1 9 54 0 0 0 0 
1 966 0 4 . 0  6 . 0 33 . 0  
1 968 5 5 . 0  3 . 0 
1 983  0 

D iap tomus oregonens is  
1 9 54 1 0 . 0  1 7 . 0  7 3  .. 0 63 . 0  
1 966 38 . 0  1 0 . 0  1 1 0 . 0  58 . 0  
1 9 68 1 5 . 0  1 00 . 0 
1 9 8 3  1 38 . 0 

D iap tomus minutus 
1 9 54 82 . 0  220 . 0  1 1 0  .. 0 39 . 0  
1 966 320 . 0  400 . 0  88 . 0  2 5  .. 0 
1968  660 . 0  1 500 .. 0 
1 983 1 5 1 . 0  
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TABLE 3 2 . The rat io of  calanoids to cyclopoids  
geographically in Lake Michigan. 1 983 e 

cladocerans 

Calanoida 
Stat ion Cyclopoida + Cladocera 

7 7  (North) 0 .. 3 7  

6 4  0 .  41 

5 7  1 . 74 

47 1 e 5 2  

4 1  1 .. 1 0  

3 4  1 . 03 

2 7  1 o 5 3  

23 1 . 15 

1 8  3 . 0 1  

1 1  1 . 7 1 

6 ( S outh) 0 .. 87 
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b i omass I n  1 970 and 1 983,  L ake Er i e. 1 970 d at a  mod i f i ed 
f rom Mu n aw ar a n d  Mu n aw ar ( 1 976 ) .  V a l ues are corrected 
by u s i ng the w e i g ht l ng f actors of 1 5 . 6%, 59 . 6% and 24 . 6% 
for the w ester n, cent r a l a n d  easter n b a s i ns ( af ter 
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Qoccoch l or l s  pen l oc¥ st l s  s u b tracte d . 1 983 data f rom 
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lJ I V  · T A X O N  

b A G  A c h n a n t h e s  b i a s o l e t t i a n a  
A c h n a n t h e s  b i o r e t i  
A c h n a n t h e s  c l e v e i 
A c h n a n t h e s c l e v e i v .  r o s t r a t a  
A c h n a n t h e s  c o n s p i c u a  
A c h n a n t h e s  e x i g u a  
A c h n a n t h e s  h a L c k i a n a  
A c h n a n t h e s  l a n c e o l a t a v .  d u b i a  
A c h n a n t h e s  l e m rr e r m a n n i 
A c h n a n t h e s  I i n e a r i s  
A c h n a n t h e s  I i n e a r i s  f o . c u r t a  
A c h n a n t h e s  m i c r o c e p h a l a  
A c h n a n t h e s  m i n u t i s s i m a 
A c h n a n t h e s s p . 
A c h n a n t h e s  s p . ?  
A c h n a n t h e s  s u b l a e v i s 
A c t i n o c y c l u s r. o r m a n i i  f .  s u b s a l s a 
A c t i n o c y c l u s s p . 
A m p h o r a  o v a l i s  v .  a t f i n s  
A m p h o r a  o v a l i s  v .  p e d i c u l i u s 
A m p h o r a  p e r  p u s  i I I a  
A m p h o r a  s p .  
A m p h o r a  t e n u i s t r i a t a  
A n o m o e o n e i s  v i t r e a 
A s t e r i o n e l I a  f o r m o s a  
C a l o n e i s  b a c i  l i a r  i s  v .  t h e r m a l i s ? 
C a l o n e i s  b a c i l l u rr 
C a l o n e i s  h y a l i n a 
C a l o n e i s  v e n t r i c o s a  v .  m i n u t a  
C o c c o n e i s  d i m i n u t a 
C o c c o n e i s  p e d i c u l u s 
C o c c o n e i s p i a c e n t u l a 
C o c c o n e i s  p l a c e n t u l a  v .  e u g l y p t a  
C o c c o n e i s  p l a c e n t u l a v .  I i n e a t a  
C o c c o n e i s  s p . 
C o s c i n o d i s c u s  l a c u s t r i s  
C y c l o t e l l a  a n t i q u a ?  
C y c l o t e l l a  a t o m u s 
C y c  i o e I I a  a t o m u s ?  
C y c l o t e l l a  c o m e n s i s  
C y c  o t e l l a  c o rr. e n s i s  v .  1 
C c t o t e l l a  c o m e n s i s  v .  2 
C y  l o t e t l a  c o m t a  
C y c l o t e l l a  c o rr t a v .  o l i g a c t i s  
C y c l o t e l l a  c r y p t i c a 
C y c l o t e l l a  g a m rr a  
C y c t o t e l l a  k u e t z i n g j a n a 
C y c l o t I I a  k u e t z i n g i a n a v .  p l a n e t o p h o r a 

C y c l o t e i J a  k u e t z i n g i a n a v .  p l a n e t o p h o r a ?  
C y c l o t ·e l I a  m e n e g  i n i a n a 
C y c l o t I I a  m i c h i g a n i a n a 
C y c l o t I I a  c e t l a t a  

A U T H O R I T Y 

( K u t z . ) G r u n .  
G e r m .  
G r u n . 
H u s  t .  
A .  M a y e r  
G r u n . 
G r u n . 
G r u n . 
H u s t . 
( W . S m . > G r u n . 
H . L .  S m . 
( K u t z . ) G r u n .  
K u t z . 

H u s t . 
( J u h i . - D a n n f . )  H u s t . 

( K u t z . ) V . H .  e x  O e T .  
( K u t z . ) V . H .  e x  O e T . 
( G r u n . ) G r u n . 

M a n g . i n  B o u r r . f. M a n g . 
( G r u n . ) P a t r . E. R e i m .  

H a s s . 

( G r u n . > C I • 

H u s t . 
C G r u n . ) M i I I  s 
P a n t . 
E h r . 
E h r . 
< E h r . )  C I .  
( E h r . )  C I .  

G r u n . 
w .  S m .  
P a n t . 
P a n t . 
G r  u n . 

< E h r . )  K u t z . 
C E h r . )  G r u n . 
R e i m .  e t  a l .  
S o v .  
T h w .  
F r i c k e 
F r i c k e 
K u t z . 
S k v .  
P a n t . 
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D I V  T A X O N  

b A C  C y c l o t e l l a  o p e r c u l a t a 
C y c  I o t e  I I  a p s e u a o s t e I I i g e r a  
C y c l o t e l l a  s p . 
C y c l o t e l l a  s p . # 1  
C y c I o t e I I a s t e I I i g e  r a 
C y c l o t e l l a  w o l t e r e c k i  
C y m a t o p l e u r a s o l e a 
C y m a t o p l e u r a s o l e a v .  a p i c u l a t a 
C y m b e l l a a f f i n i s 
C y m b e l l a rn i c r o c e p h a l a  
C y m b e l l a m i n u t a 
C y m b e  l I a  m i  n u t a  v .  s i  l e s i a c a 
C y m b e l I a  p r o s t r a t a  v .  a u e r s w a l d i i 
C y m b e l f a p u s i l l a 
C y m b e  I I a  s p .  
D e n t i c u l a t e n u i s  v .  c r a s s u l a  
D i a t o m a  a n c e p s  
D i a t o m a  t e n u e  v .  e l o n g a t u m 
D i a t o m a  v u l g a r e  
D i p l o n e i s  o c u l a t a 
E n t o m o n e i s  o r n a t a 
F r a g i l a r i a b r e v i s t r i a t a 
F r a g i I a r i a b r e v i s t r i a t a  v .  i n f I a t  a 
F r a g i I a r i a c a p  u c i n a 
F r a g i l a r  i a  c o n s t r u e n s 
F r a g  i l a r i a  c o n s t r u e n s v .  m i n u t a  
F r a g i l a r i a  c o n s t r u e n s  v .  p u m i l a  
F r a g i i a r i a  c o n s t r u e n s  v .  v e n t e r 
F r a g i l a r i a  c r o t o n e n s i  s 
F r a g i l a r i a  i n t e r rr e d i a  v .  f a l l a x 
F r a g i l a r i a  l e p t o s t a u r o n 
F r a g i l a r  i a  l e p t o s t a u r o n v .  d u b i a  
F r a g i l a r i a  n i t z s c h i c i d e s  
F r a g i l a r i a  p i n n a t a 
F r a g i l a r i a  p i n n a t a v .  l a n c e t t u t a  
F r a g i l a r i a  p i n n a t a v .  p i n n a t a  
F r a g i l a r i a  s p . 
F r a g i I a r i a  v a u  c h e r i a e  
G o m p h o n e m a  c l e v e i 
G o m p h o n e m a  d i c h o t o m u m 
G o m p h o n e m a p a r v u l u m 
G o m p h o n e m a  s p . 
G o m p h o n e m a  t e r g e s t i n u m 
G y r o s i g m a  a t t e n u a t u m 
G y r o s  i g m a  s c i c t e n s e  
M e l o s i r a a g a s s i z i i v .  m a l a y e n s i s  
M e l o s i r a  d i s t a n s 
M e l o s i r a d i s t a n s v .  I i m n e t i c a 
M e l o s i r a g r a n u l a t a 
M e l o s i r a g r a n u l a t a v . a n g u s t i s s i m a 
M e l o s i r a  g r a n u l a t a ?  
M e l o s i r a i s l a n d i c a 

A U T H O R I T Y  

( A g . ) K u t z .  
H u s t . 

( C I .  E.. G r u n . ) V . H .  
H u s t . 
( B r e b .  E.. G o d e y ) w .  S re , 

( W .  S m . ) k a  I f s 
K u t z . 
G r u n . 
H i  I s  e 
( 8 1 e i s c h ) R e i m .  
( R a b h . ) R e i m .  
G r u n . 

( N a g . )  w .  E.. G . s .  W e s t .  
( E h r . >  K i r c h n .  
L y n g b .  
B o r y  
< B r e b . ) C l . 
( J . w . B a i l . ) R e i m . 
G r u n . 
( P a n t . ) H u s t .  

D e  s m . 
( E h r . > G r u n . 
T e m p . f. P e r . 
G r u n . 
( E h r . )  G r u n . 
K i t t o n  
( G r u n . ) S t o e r m .  E.. Y a n g  
( E h r . )  H u s t . 
( G r u n . ) H u s t .  
G r u n . 
E h r .  
( S c h u m . ) H u s t . 

( K u t z . ) P e t e r s .  
F r i c k e 
K u t z . 
K u t z . 

( G r u n . ) F r i c k e  
( K u t z . ) R a b h . 
( S u i I i v .  f. W o r m l e y ) C l • 
O s t e n f 9 

( E h r . >  K u t z . 
D .  M u l l . 
( E h r . )  R a l f s 
D .  M u l l .  
( E h r . )  R a t t s  
0 .  M u l l . 
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D I V  T A X O N  

o A C  M e l o s i r a 
M e l o s i r a  
N a v i c u l a 
N a v i c u l a 
N a  v i c  u I a 
N a v i c u l a  
N a v i c u l a 
N a v i c u l a 
N a v i c u l a  
N a v i c u l a  
N a v i c u l a 
N a v i c u l a  
N a v i c u l a 
N a v i c u l a  
N a v i c u l a  
N a v i c u l a 
N a v i c u l a 
N a v i c u l a  
N a  v i c  u I a 
N a v i c u l a 
N a v i c u l a 
N a v i c u l a 
N a v i c u l a  
N a v i c u l a 
N a v i c u l a 
N a v i c u l a 
N a v i c u l a  

i t a l i c a s u b s p .  s u b a r c t i c a 
s p .  
a c c e p t a t a 
a n g I i c a 
c a p i t a t a  
c a p i t a t a  v .  h u r g a r i c a 
c a p i t a t a v .  l u n e b u r g e n s i s  
c i n c t a 
c o c c o n e  i f o r m i  s 
c r y p t o c e p h a l a  
c r y p t o c e p h a l a v .  v e n e t a 
e x i g u a  
e x i g u a v .  c a p i t a t a  
l a n c e o l a t a  

m e n i s c u l u s 
m e n i s c u l u s v .  u p s a l i e n s i s 
m i n i m a 
p s e u d o s c u t  i f  o r m  i s  
p u p u l a  
r a d i o s a  v .  t e n e l l a 
s a l i n a r t.; rr  v .  i n t e r m e d i a  
s e m i n u l c i d e s 
s e m i n u l u m 
s p . 
s t r o e rr i  i 
t e r m i n a t a 
t r  i p u n c t a t a 

N a  v i c u I a v i r i d u l a  v .  r o s t e l l a t a  
N a v i c u l a v i t a b u n d a 
N a v i c u l a z a n o n i 
N e i d i u m a f f i n e 
f\ i t z s c h i a - a  c i c u I a r i o i d e s  
N i t z s c h i a  a c i c u l a r i s 
N i t z s c h i a  a c i c u l a r i s ?  
N i t z s c h i a  a c u l a  
N i t z s c h � a  a m p h i b i a 
N i t z s c h i a  a n g u s t a t a  
N i t z s c h i a  a n g u s t a t a v .  a c u t a  
N i t z s c h i a  a p i c u l a t a  
N i t z s c h i a  a r c h b a l d i  i 
N i t z s c h i a  c l o s t e r i u m 
N i t z s c h i a  c o n f i n i s  
N i t z s c h i a  d i s s i p a t a  
N i t z s c h i a  d i s s i p a t a v .  m e d i a  
N i t z s c h i a  f o n t i c o l a 
N i t z s c h i a  f r u s t u l u m 
N i t z s c h i a g a n  c e r s h e i m i e n s i s 
N i t z s c h i a  g r a c i l i s 
N i t z s c h i a  h a n t z s c h i a n a  
N i t z s c h i a  i n c o n s p i c ua 
N i t z s c h i a  i n t e r m e d i a 
N i t z s c h i a  k u e t z i n g i a n a  

A U T H O R I T Y 

0 .  M u l l .  

H u s t . 
R a  I f  s 
E h r . 
( G r u n . ) R o s s  
( G r u n .  > P a t r . 
< E h r . )  R a l f s 
G r e g . 
K u t z . 
( K u t z . ) R a b h . 
G r e g . e x  G r u n . 
P a t r . 
( A g . ) K u t z .  
S c h u m . 
( G r u n . ) G r u n . 
G r u n . 
H u s t .  
K u t z . 
( B r e b . ) C l . E. M o l l .  
( G r u n . ) C l . 
H u s t .  
G r u n . 

H u  s t . 
H u s t . 
( O . F . M u l l . ) B o r y  
( K u t z . )  C l .  
H u s t . 
H u s t .  
P t  i t z .  
A r c h . n o n  H u s t . 
( K u t z . ) w .  S m . 
< K u t z . )  w .  S m . 
H a n t z . e x  C l . E. G r u n . 
G r u n . 
( W .  S m . )  G r u n . 
G r  u n . 
( G r e b . ) G r u n . 
L . - B .  
( E h r . )  w .  S m . 
H u s t .  
( K u t z . ) G r u n . 

( H a n t z . ) G r u n . 
G r u n . 
( K u t z .  > G r u n . 
K r a s s k e  
H a n t z .  
R a b h . 
G r u n . 
H a n t z .  
H i I s e  
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D I V  T A X O N  

b A C  N i t z s c h a k u e t z i n g i o i  d e s ? 
N i t z s c h  a l a u e r b u r g i a n a 
N i t z s c h a I i n  e a r i s  
N i t z s c h  a p a l e a 
N i t z s c h a p a l e a v .  d e b  i I i s  
N i t z s c h  a p a l e a v .  t e n u i r o s t r i s  
N i t z s c h  a p a l e a c e a  
N i t z s c h  a p u m  i I a 
N i t z s c h  a p u r  a 
N i t z s c h  a p u s i I I a 
N i t z s c h  a r e c t a  
N i t z s c h  a r o m a n a  
N i t z s c h  a r o s t e l l a t a  
N i t z s c h a s o c i a b i l i s  
N i t z s c h i a  s p . 
N i t z s c h i a  s p i c L i c i d e s 
N i t z s c h i a  s u b a c  i c u l  a r  i s  
N i t z s c h i a  s u b I i n e a r  i s  
N i t z s c h i a  t e n u i s  
N i t z s c h i a  t r o p i c a 
N i t z s c h i a  t r y b l i o n e l l a 
N i t z s c h i a  t r y b l i o n e l l a  v .  d e b i l i s 
N i t z s c h i a  t r y b l i o n e l l a v . v i c t o r i a e 
N i t z s c h i a  t r y b l i o n e l l a v .  v i c t o r i a e ?  
R h i z o s o l e n i a e r i e n s i s  
R h i z o s o l e n i a l c n g i s e t a  
R h i z o s o l e n i a s p . 
S k e l e t o n e m a p c t a � o s  
S t a u r o n e i s  k r i e g e r i 
S t e p h a n o d i s c u s  a l p i n u s  
S t e p h a n o d  i s c u s  a t p  i n u s - a u x o s p o r  e 
S t e p h a n o d i s c u s  a l p i n u s ? 
S t e p h a n o a i s c u s  b i n d e r a n u s 
S t e p h a n o d i s c u s h a n t z s c h i i 
S t e p h a n o d i s c u s m i n u t u s 
S t e p h a n o d i s c u s  m i n u t u s - a u x o s p o r e 
S t e p h a n o d i s c u s  n i a g a r a e  
S t e p h a n o d i s c u s  n i a g a r a e  - a u x o s p o r e  
S t e p h a n o d i s c u s  n i a g a r a e v .  m a g n i f i c a 
S t e p h a n o d i s c u s  s p . 
S t e p h a n o d i s c u s s p . # 0 3 
S t e p h a n o d i s c u s  s p . # 0 4 
S t e p h a n o d i s c u s  s p . # 0 7 
S t e p h a n o d i s c u s  s p .  - a u x o s p o r e  
S t e p h a n o d i s c u s  t e n u i s  
S t e p h a n o d i s c u s  t e n u i s  v .  # 0 1  
S t e p h a n o d i s c u s  t e n u i s  v .  # 0 2  
S t e p h a n o d i s c u s  t e n u i s ?  
S u r i r e l l a  b i r o s t r a t a 
S u r i r e l l a  o v a t a 
S u r i r e l l a  o v a t a v .  p i n n a t a  
S u r i r e l l a  o v a t a v .  s a l i n a  

A U T H O R I T Y 

H u s t . 
w .  S rr, .  
( K u t z . ) w .  S m . 
( K u t z . ) G r u n . 
G r u n . 
G r u n . 
H u s t . 
H u s t . 
( K u t z . ) G r u n . e m .  L . - B .  
H a n t z .  
G r u n . 
H u s t . 
H u s t . 

H u s t . 
H u s t . 
H u s t . 
w .  S m .  
H u s t . 

( A r n o t t )  A .  M a y e r  
G r u n . 
G r u n . 
H . L .  S m . 
Z a c h . 

( W e b e r ) H a s l e  � E v e n s . 
P a t r . 
H u s t . 

H u s t . 
( K u t z . ) K r i e g .  
G r u n . 
G r u n . 

E h r . 

F r  i c k e  

H u s t . 

H u s t . 
H u s t . 
K u t z . 
( W .  S m . )  H u s t . 
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A c h n a n t h e s  m i n u t i s s i m a 
A c h n a n t h e s  s p . 
A m p h i p l e u r a p e l l u c i a a 
A m p h o r a  c o f f e i f o r m i s 
A m p h o r a  i n a r i e n s i s  
A m p h o r a  e v a  I i s  

d u o i a  
n i n c k e i 

c u r t a  

A m p h o r a  o v a l i s  v .  p e d i c u l i u s 
A m p h o r a  p e r  p u s  i I I a  
A m p h o r a s p .  
A n o m o e o n e i s  v i t r e a 
A s t e r i o n e l l a  f o r rr o s a  
A s t e r i o n e l l a  f o r m o s a  v .  g r a c i l l i m a  
C a l o n e i s  b a c i l l u m 
C o c c o n e i s  d i m i n u t a  
C o c c o n e i s  d i s c u i L s 
C o c c o n e i s  p l a c e n t u l a v .  e u g l y p t a 

C o c c o n e i s  p l a c e r. t u l a  v .  I i n e a t a 
C y c o s t e p h a n o s  d u b i u s 
C y c  o t e  I a a n t i q u a ?  
C y c  o t e l a c a t e n a t a 
C y c  o t e l  a c o m e n s i s  
C y c o t e l a c o rr e n s i s  - a u x o s p o r e 
C y c o t e l a c o rr e n s i s  v .  1 
C y c  o t e l a c o rr e n s i s  v .  2 

C y c  o t  e I a c o rr: t a  
C y c  o t e l  a c o rr t a - a u x o s p o r e 
C y c  o t e l a c o rr t a v .  # 2  
C y c  o t e l a c o rr t a v .  o l i g a c t i s  
C y c  o t e l a c r y p t i c a 
C y c o t e l a k u e t z i n g i a n a 
C y c  o t e l a k u e t z i n g i a n a v .  p l a n e t o p h o r a 
C y c  o t e l a k u e t z i n g i a n a v .  p l a n e t o p h o r a ?  
C y c  o t e l a k u e t z i n g i a n a v .  r a d i o s a  
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G r u n . 
( K u t z . > G r u n . 
( K u t z . )  C I • 

G r u n . 
H u s  t .  
A .  M a y e r 
H o h n  E. H e l l e r m .  
G r u n . 
K r a s s k e  
( K u t z . )  B r u n . 
G r u n .  
( B r e b . ) G r e g .  
G r u n . 
( G u e r m .  E. M a n g . ) 
H u s t . 
( w .  S m . ) G r u n .  
H . L .  S m . 
G r u n . 
( K u t z . ) G r u n . 
K u t z . 

( K u t z . )  K u t z . 
( A g . ) K u t z . 
K r a m .  

R e i m . 

( K u t z . ) K u t z . 
( K u t z . ) V . H .  e x  D e l . 
( G ( u n . ) G r u n . 

( G r u n . ) P a t r . E. R e i m . 
H a s s . 
( H a n t z . ) G r u n 
( G r u n . ) C t .  
P a n t . 
< S c h u m . ) C t . 
t E h r . >  C l .  
( E: h r . )  C l .  
< F r i c k e ) K o u n d  
w .  S m .  
B r u n .  
G r u n . 

( E h r . >  K u t z . 

( E h r . )  G r u n . 
R e i m . e t  a l . 
T h w .  
F r  i e k e  
F r i c k e 
F r  i e k e  
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b A C  C y c l o t e l l a  m e n e g h i n i a n a 
C y c l o t e l l a  m i c h i g a n i a n a 
C y c l o t e l l a  o c e l l a t a  
C y c l o t e l l a  o p e r c u l a t a 
C y c  I o t e i I a p s e u d o s t e  I I i g e r a 
C y c l o t e l l a  s p . 
C y c l o t e l l a  s p . # l  
C y c l o t e l l a  s p . # 2  
C y c l o t e l l a  s p . - a u x o s p o r e  
C y c l o t e l l a  s t e l l i g e r a 

C y m a t o p l e u r a s o l e a v .  a p i c u l a t a  
C y m b e I I a a n g u s t a t a 
C y m b e l l a  l a e v i s  

C y m b e l l a  m i c r c c e p h a l a  
C y m b e I I a rn i n u t a 
C y m b e I I a m i n u t a v • s i I e s i ·a c a 

C y m b e l l a n a v i c u l  i f o r m i s 
C y m b e  I I a  s p . 
C y m b e l l a t r i a n £ u l u m 
D e n t i c u l a s p . 
O e n t i c u l a t e n u i s v .  c r a s s u l a  
D i a t o m a  t e n u e  
D i a t o m a  t e n u e  v .  e l o n g a t u m 
D i p l o n e i s  e l l i p t i c a 
O i p l o n e i s  o b l o n g e l l a  
D i p l o n e i s  o c u l a t a 
E n t o m o n e i s  o r n a t a  
E u n o t i a  p r a e r u � t a 
F r a g  i l a r  i a b r e v i s t r i a t a 
F r a g i l a r i a  b r e v i s t r  i a t a v .  s u b c a p i t a t a 
F r a g i l a r i a  c a p u c i n a 
F r a g i l a r i a  c a p u c i n a v .  m e s o l e p t a 
F r a g i l a r i a  c o n s t r u e n s 
F r a g  i l a r i a  c o n s t r u e n s v .  m i n u t a 
F r a g  l a r i a  c o n s t r u e n s v .  p u m i  I a  
F r a g t a r i a  c o n s t r u e n s v .  s u b s a l i n a 
F r a g  ! a r i a  c o n s t r u e n s v . v e n t e r 
F r a g  l a r i a  c r o t c n e n s i s 
F r a g l a r i a  i n t e r rr e d  i a  v .  f a l l a x  
F r a g t a r i a  l e J: t o s t a u r o n  
F r a g l a r i a  l e � t o s t a u r o n v .  d u b i a  
F r a g t l a r i a  p i  n n a t a 
F r a g i l a r i a  p i n n a t a  v .  i n t e r c e d e n s 
F r a g i l a r i a  p i n n a t a v .  l a n c e t t u l a  
F r a g i l a r i a  s p . 
F r a g i l a r i a  v a u c h e r i a e 
G o m p h o n e m a  a n g u s t a t um 
G o m p h o n e � a  d i c h o t o m um 
G o m p h o n e rr. a  g r  a c  i I e 
G o m p h o n e m a  o l  i v a c e u m 
G o m p h o n e m a  p a r v u l u m 
G o m p h o n e m a  s p . 

A U T H C R I T Y 

K u t z . 
S k v .  

P a n t . 
( A g . ) K u t z . 

H u s t .  

< C I . f. G r u n . ) V . H . 
< w . S m . )  R a t t s 
( W .  S m . > C t . 

N a e g . e x  K u t z . 
G r u n . 
H i  I s  e 

t B i e i s c h } R e i m .  
A u e r s w .  

( E h r . )  C l .  

( N a g . ) W .  f. G . S .  W e s t .  
A g . 
L y n g b .  
< K u t z . > C l .  
( N a e g . e x  K u t z . > R o s s  
( B r e b . ) C l . 
( J . w . B a i l . ) R e i m . 

E h r . 
G r u n . 
G r u n . 
D e  s m . 
( R a b h . ) G r u n .  
( E h r . )  G r u n . 
T e m p . f. P e r . 
G r u n .  
H u s t . 
C E h r . )  G r u n . 
K i l t o n 
< G r u n . ) S t o e r m .  E. Y a n g  
( E h r . )  H u s t . 
( G r u n . ) H u s t . 
E h r . 
( G r u n .  ) H u  s t . 
( S c h u m . ) h u s t . 

( K u t z . ) P e t e r s .  

( K u t z . > R a b h . 
K u t z . 
E h r .  e m . V . H .  
( L y n g b . ) K u t z . 

K u t z . 
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B A C  H a n t z s c h i a  a m p h i o x y s 

M e l o s i r a d i s t a n s  

M e l o s i r a d i s t a n s ?  
M e l o s i r a  g r a n u l a t a  

M e l o s i r a g r a n u l a t a v .  a n g u s t i s s i m a 

M e l o s i r a i s l a n d i c a 

M e l o s i r a i t a l i c a s u b s p .  s u b a r c t i c a 

M e l o s i r a s p .  

N a v i c u l a a c c e p t a t a 

N a v i c u l a a t o m u s  

N a v i c u l a c a p i t a t a v .  l u n e b u r g e n s i s  

N a v i c u l a  c i n c t a  
N a v i c u l a  c o n f e r v a c e a 

N a v i c u l a  c o n t e r t a  v .  b i c e p s  

N a v i c u l a c r y p t o c e p h a l a  v .  v e n e t a 
N a v i c u l a  g o t t l a n d i c a 

N a v i c u l a m e d i c c r i s  

N a v i c u a m i n i m a 
N a v i c u a m u r a l i s 

N a v i c u a m u r a l i s ? 

N a v i c u a m u t i c a 

N a v i c u a p e r p u s i l l a 

N a v i c u a r a d i o s a 

N a v i c u a r a d i o s a v .  p a r v a  

N a v i c u a r a d i o s a  v .  t e n e l l a 

� a v i c u a s e m i n u l u m 

N a v i c u a s i m i l i s ? 

N a v i c u a s p . 

N a v i c u a s p . # 1 6 
N a v i c u a s p . # 1 8  
N a v i c u a s u b m L r a l i s 

N a v i c u a s u b t i l i s s i m a 

N a v i c u a t a n t u l a  

N a v i c u a v i r i d u l a  v .  a v e n a c e a  

f'.l a v i c u a v i r i d u t a  v .  r o s t e l l a t a ? 

N i t z s c h i a  a c i c u l a r i o i d e s  

N i t z s c h i a  a c i c u l a r i s 

N i t z s c h i a  a c u l a  

N i t z s c h i a  a m p h i b i a 

N ' t z s c h i a  a n g u s t a t a  

N t z s c h i a  a n g u s t a t a v • a c u t a  

N t z s c h i a  c o n f i n i s  

N t z s c h i a  d i s s i p a t a 

N t z s c h i a  f o n t i c o l a 

N t Z .S C h i a f r u s t u l u m 

N t z s c h i a  f r u s t u l um v .  p e r p u s i l l a 

N t z s c h i a  g r a c i l i s 

N i t z s c h i a  k u e t z i n g i a n a  

N i t z s c h i a  l a u e n b u r g  i a n a 

N i t z s c h i a  p a l e a 

N i t z s c h i a  p a l e a c e a  

N i t z s c h i a  p u r  a 

A U T H O K. I T Y  

( E h r . )  G r u n . 
( E h r . }  K u t z . 

( E h r . )  K u t z . 
( E h r . )  R a t t s  

o .  M u l l .  

o .  M u l l .  
o .  M u l l .  

H u s t . 
( K u t z .  > G r u n . 

( G r u n . ) P a t r . 

( E h r . )  R a l f s 

K u t z . 
( A r n . )  V . H .  
( K u t z . ) R a b h . 
G r u n . 

K r a s s k e  

G r u n . 

G r u n . 

G r u n . 

K u t z . 

( K u t z . )  G r u n .  

K u  t z . 

W a l l a c e  

( B r e b . ) C l . E. M o l l . 

G r u n . 

K r a s s k e 

H u s t . 

C I • 

H u s t .  
( B r e b . ) V . H .  

( K u t z . ) C l .  

A r c h .  n o n  H u s t . 
C K u t z . )  w .  S m . 

H a n t z .  e x  C I .  E. G r u n . 

G r u n . 
( w • S m . ) G r u n . 

G r u n . 

H u s t . 

( K u t z . ) G r u n . 

G r u n . 

( K u t z . ) G r u n . 

( R a b h . ) G r u n . 

H a n t z . 

H i  I s e  
H u s t . 

( K u t z o ) w .  S m . 
G r u n . 
H u s t � 
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B A C  N i t z s c h i a  p u s i l l a 
N i t z s c h i a  r e c t a 
N i t z s c h i a  r o m a n a  
N i t z s c h i a  r o s t e l l a t a  
N i t z s c h i a  s p . 
N i t z s c h i a  s u b l i n e a r i s  
N i t z s c h i a  s u b r o s t r a t a 
N i t z s c h i a  t e n u i s  
O p e p h o r a  m a r t y i 
P i n n u l a r i a  m i c r o s t a u r o n 
R h i z o s o l e n i a  e r i e n s i s  
R h i z o s o l e n i a s p . 
S t e p h a n o d i s c u s  a l p i n u s  
S t e p h a n o d i s c u s  a l p i n u s - a u x o s p o r e 
S t e p h a n o d i s c u s  a l p i n u s ? 
S t e p h a n o d i s c u s  b i n d e r a n u s  
S t e p h a n o d i s c u s  b i n d e r a n u s ?  
S t e p h a n o d i s c u s h a n t z s c h i i 
S t e p h a n o d i s c u s m i n u t u s 
S t e p h a n o c i s c u s  n i a g a r a e 
S t e p h a n o d i s c u s  n i a g a r a e  - a u x o s p o r e 
S t e p h a n o d i s c u s  s p . 
S t e p h a n o d i s c u s  s p . # 0 3 
S t e p h a n o d i s c u s  s p . # 0 5 
S t e p h a n o d i s c u s  s p .  - a u x o s p o r e  
S t e p h a n o d i s c u s  t e n u i s  
S t e p h a nD d i s c u s t e n u i s  v .  # 0 1  
S t e p h a n o d i s c u s  t e n u i s  v .  # 0 2  
S t e p h a n o d i s c u s  t e n u i s ? 
S t e p h a n o d i s c u s t r a n s i  l v a n i c u s  
S u r i r e l l a  o v a t a 
S u r i r e l l a  o v a t a v .  s a l i n a  
S y n e d r a  a m p h i c e p h a l a  v .  a u s t r i c a 
S y n e d r a c y c l o � u m  
S y n e d r a  d e l i c a t i s s i m a 
S y n e d r a  d e l i c a t i s s i m a v .  a n g u s t i s s i m a 
S y n e d r a  f a m e  i I i c a ?  
S y n e d r a  f i I i f  c r m i s 
S y n e d r a  f i l i f c r m i s  v .  e x i l i s 
S y n e d r a  m i n i s c u l a 
S y n e d r a  n a n a  
S y n e d r a p a r a s i t i c a 
S y n e d r a r a d i a n s  
S y n e d r a r u m p e n s  
S y n e d r a r u m p e n s  v .  f r a g i l a r i o i d e s  
S y n e d r a  s p .  
S y n e d r a  u l n a v .  c h a s e a n a  
S y n e d r a  u l n a v .  d a n a c a 
S y n e d r a  u l n a v .  l o n g i s s i m a 
T a b e l l a r  i a  f e r e s t r a t a 
T a b e l l a r  i a  f e n e s t r a t a v .  g e n i c u l a t a 
T a b e l l a r i a  f l o c c u l o s a 

A U T H O R I T Y  

( K u t z . ) G r u n . e m . L . - B .  
H a n t z .  
G r u n . 
H u s t . 

H u s t .  
H u s t . 
w .  S rr .  
H e r i b . 

( E h r . )  C l .  
H . L .  S m . 

H u s t . 

H u s t . 
( K u t z .  > K r i e g .  
( K u t z . ) K r i e g .  
G r u n . 
G r u n . 
E h r . 

H u s t .  

H u s t .  
P a n t . 
K u t z . 
( W .  S m . >  H u s t .  
( G r u n . ) H u s t .  
B r u t s c h y  
W .  S m .  
G r u n . 
K u t z . 
G r  u n . 
A .  C I .  

G r u n . 
M e i s t e r 
w .  S m .  
K u t z .  
K u t z . 
G r u n . 

T h o m a s 
( K u t z . ) V . H .  
( w • S m  • ) B r u n .  

K u t z . 
A .  C l .  
( R o t h ) K u t z . 
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B A C T a b  e I I a r i a f I o c c u I o s a  v .  I i n  e a r  i s 
T a b e l l a r  i a  s p . 
T h a l a s s i r o s i r a s p .  

C A T  V a c u o l a r i a  s p .  

V a c u o l a r i a  s p . ?  

C H L A n k i s t r o d e s m u s f a l c a t u s 
A n k i s t r o d e s m u s f a l c a t u s " •  m i r a b i l i s  
A n k  i s t r o d e s m u s  g e  I i f a c t u m 
A n k i s t r o d e s m u s  s p .  # 0 1  
A n k i s t r o d e s m u s s p . # 0 2  
A n k i s t r o d e s m u s s p i r a l  i s  
A n k i s t r o d e s m u s  s t i p i t a t u s ?  
B o t r y o c o c c u s  B r a u n i i 
C h  l a m y d o c a p s a  b a c i ! I u s  
C h l a m y d o c a p s a p l a n k t o n i c a 
C h l a m y d o c a p s a  s p .  
C h l a m y d o c a p s a  s p . ?  
C h l a m y d o m o n a s s p .  
C h l a m y d o m o n a s  s p . - o 'l o i d 
C h l a m y d o m o n a s  s p . - s p h e r e  
C o e l a s t r u m m i c r o p o r u m  
C o s m a r i u m s p .  
C o s m a r  i u m s p . # l  
C r u c i g e n i a  i r r e g u l a r i s 
C r u c i g e n i a q u a d r a t a 
C r u c i g e n i a  r e c t a n g u l a r i s  
D i c t y o s p h a e r i u m p u l c h e l l u m 
E c h i n o s p h a e r e l l a l i m n e t i c a 
E l a k a t o t h r i x  g e l a t i n o s a  
E l a k a t o t h r i x  v i r i d i s 
E u d o r  i n a e I e g a r s  
F r a n c e i a  o v a l i s  
G l o e o c y s t i s  s p .  # 3  
G o l e n k i n i a  r a d i a t a 
G r e e n  C O C C O  d # 0 2 
G r e e n  C O C C O d # 0 3  
G r e e n  C O C C O  d # 0 4  
G r e e n  c o c c o  d - a c i c u l a r 
G r e e n  c o c c o  d - b a c i I I i f o r m  
G r e e n  c o c c o  d - t i c e l f s  
G r e e n  c o c c o i d ... f u s i f o r m  
G r e e n  c o c c o i d - o v a l 
G r e e n  c o c c o i d  - s p h e r e  
K i r c h n e r i e l l a  c o n t o r t a 
L a g e r h e i m i a  c i l  i a t a  
M i c r a c t i n i u m p u s i l  I u rn  
M o n o r a p h i d i u m c o n t o r t u m 
M o n o r a p h i d i u m c o n v o l u t u m  
M o n o r a p h i d i u m � i n u t u m  
M o n o r a p h i d i u m s a x a t i l e 

A U T H O R I T Y 

K o p p e n  

( C o r d a )  R a l f s 
( W e s t � W e s t ) G . S .  W e s t  
( C h o d . ) B o u r r .  

< T u r n e r ) L e m m . 
( C h o d . ) K o m . - L e g n .  
K u t z . 
( T e i l . )  F o t t 
( w .  � G . S .  � e s t ) F o t t  

N a g .  i n  A .  B r a u n  

W i I I  e 
M o r r e n 
A .  B r a u n  
W o o d . 
G . M .  S m . 
W i I I e 
< S n o w ) P r i n t z  
E h r .  
( F r a n c e ) L e m m . 

( C h o d . ) W i l l e  

( S c h rr i d . ) B o h l m  
( L a g e r h . )  C h o d . 
F r e s e n i u s 
( T h u r . )  K o m . - L e g n .  
( C o r d a )  K o m . - L e g n .  

( N a g . )  K o m . - L e g n .  
K o m . - L e g n .  
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D I V  
. 

T A X O N 

C H L M o n o r a p h i d i u m s e t i f o r m a e 
M o u g e o t i a  s p .  
O o c y s t  i s  s p . 
O o c y s t  i s  s p . # 1  

O o c y s t c s  B o r g e i 
O o c y s t  i s  c r a s s a 
O o c y s t i s  l a c u s t r i s  
O o c y s t  i s  m a r s c n i i 
O o c y s t  i s  p a r v a 
O o c y s t  i s  p u s i I I a 
O o c y s t  i s  s o l i t a r i a  
P y r a m i d o m o n a s  s p .  
S c e n e d e s m u s  a b L n d a n s 
S c e n e d e s m u s  d e n t i c u l a t u s  
S c e n e d e s rr u s  e c c r n i s  
S c e n e d e s m u s  s e c u r i f o r m i s 
S c e n e d e s m u s  s e c u r  i f  o r rr i  s ?  
S c e n e d e s m u s s e r r a t u s 
S c e n e d e s rr u s  s p .  
S c e n e d e s rr u s  s u b s p i c a t u s 
S c e n e d e s m u s  v e  I i t a r i s  
S p h a e r e l l o c y s t i s  l a t e r a l i s 
S p h a e r o c y s t  i s  s c h r o  e t e r  i 
S t i c h o c o c c u s s p . 
S y n e c h o c o c c u s s p .  
T e t r a c h l o r e l l a a l t e r n a n s  
T e t r a ed r o n m i n i m u m  
T r e u b a r i a  p l a n k t o n i c a 
T r e u b a r i a  p l a n k t o n i c a ?  
T r e u b a r i a  s e t i g e r a 

C H R  B i t r i c h i a  c h o � a t i i 
C h r y s o l y k o s  p l a n k t o n i c u s  
C h r y s o l y k o s  s k � j a e  
C h r y s o l y k o s s p . 
C h r y s o s p h a e r e l l a l o n g i s p i n a 
D i n o b r y o n  - s t a t o s p o r e 
o · n o b r y o n  a c u m i n a t u m  
D n o b r y o n  b a v a r i c u m 
D n o b r y o n  b o r g e i 
D n o b  r y o n  c y I i n  d r i c u rn  
D n o b  r y o n  c y I i n d r i c u rn  v • a I p i n u m 
D n o b r y o n  d i v e r g e n s  
D n o b r y o n  d i v e r g e n s - s t a t o s p o r e s 
D i n o b r y o n  e u r y s t o m a  
D i n o b r y o n  s e r t L i a r i a  
D i n o b r y o �  s e r t � l a r i a  v . p r o t u b e r a n s  
D i n o b r y o n  s o c i a l e  
D i n o b r y o n  s o c i a l e  v .  a rr e r i c a n u m  
D i n o b r y o n  s t o k e s i i v .  e p i p l a n k t o n i c u m 
D i n o b r y o r.  u t r i c u l u s v .  t a b e l l a r · i a e  
H a p t o p h y t e  s p .  

A U T H O R I T Y 

( N y g . )  K o m . - L e g n . 

S n o w  

W i t t r .  i n  W i t t r . � N o r d .  
C h o d . 
L e m m . 
W e s t  � w e s t  
H a n s  g .  
W i t t r .  i n  W i t t r . � N o r d .  

( K i r c h . ) C h o d .  
L a g e r h . 
( R a l f s )  C h o d .  
P l a y f . 
P l a y f . 
( C o r d a )  B o h l m  

C h o d .  
K o m . 
F o t t  � N o v a k .  
C h o d .  

( G . M . S m i t h )  K o r s .  
( A .  B r a u n ) H a n s g .  
( G . M .  S m . >  K o r c h . 
C G . M .  S m . ) K o r c h . 
( A r c h . ) G . M .  S m . 

( R e v . )  C h o d . 
M a c k . 
( N a u w . ) B o u r r .  

L a u t . e m . N i c h .  

R u t  t .  
I m h o f 
L e m m . 
I m h o f  
( I m h o f ) B a c h m .  
I m h o f 

( S t o k e s ) L e m m .  
E h r .  
( L e m m . ) K r i e g .  
E h r .  
< B r u n n t h . ) B a c h m . 
S k u j a  
L e m m .  
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D I V T A X O N  

C H R K e p h y r i o n c u p  u I i f o r rn a  e 
K e p h y r i o n s p . # 1  

K e p h y r i o n s p . # 2  

K e p h y r i o n s p  • # 3  

K e p h y r  i o n s p i r a l e 
M a  I I o m o n a  s s p . 
M a l l o m o n a s s p . # 1  
M a  I I o m o  n a  s s p .  # 3 
O c h r o m o n a s s p . 

- P s e u d o  k e p h y r  i o n 

O c h r o m o n a s  s p . - o v o i d 
O c h r o m o n a s s p . - s p h e r e 
P a r a p h y s o m o n a s s p . 
P a r a p h y s o m o n a s  s p . ?  
P s e u d o k e p h r y i o n e n t z i  
P s e u d o k e p h y r i o n c o n i c u rr 
P s e u d o k e p h y r i o n l a t u m 
P s e u d o k e p h y r i o n rr i I l e r e n s e 
P s e u d o k e p h y r  i o n s p . # 1  
U n i d e n t i f i e 6 c o c c o i o s 
U n i d e n t i f i e d l o r i c a t e - o v o i d  
U n i d e n t i f i e d l o r i c a t e - s p h e r e  

C O L  B i c o e c a c a m p a n u l a t a  
B i c o e c a  c r y s t a l ! i n a 
B i c o e c a  m i t r a  � .  s u e c i c a 
B i c o e c a  s o c i a l i s 
B i c o e c a  s p .  
B i c o e c a s p . # 0 4  
B i c o e c a  t u b i f o r m i s 
C o l o r l e s s  f l a g e l l a t e s 
M o n o s i g a o v a t a 
M o n o s i g n a o v a l i s  
S a l p i n g o e c a  a m p h o r a e 
S a l p i n g o e c a g r a c i l i s  
S t y l o t h e c a  a u r e a 

C R Y  C h r o o m o n a s a c u t a  
C h r o o m o n a s c a � d a t a 
C h r o o m o n a s n o r s t e d t i i  
C r y p t o m o n a s  - c y s t  
C r y p t o m o n a s b r e v i s  
C r y p t o m o n a s c a L d a t a 
C r y p t o m o n a s  e r c s a  
C r y p t o m o n a s e r c s a  v .  r e f l e x a 
C r y p t o m o n a s  rr a r s s o n i i  
C r y p t o m o n a s  o b o v a t a ? 
C r y p t o m o n a s o v a t a  
C r y p t o m o n a s  p a r a p y r e n o i d i f e r a  
C r y p t o m o n a s  p h a s e o l u s 
C r  y p t o m o n a s  p h a s e o I u s ? 
C r y p t o m o n a s  � u s i l l a 
C r y p t o m o n a s  p y r e n o i c i  f e r  a 

e n  t z  i i 

A U T H O R I T Y 

C o n r . 

( L a c k . )  C o n r . 

C o n r . 
( S c h i l l . )  S c h u m . 
( S c h i l l . )  S c h u m . 
N i c h .  

( L a c k . ) B o u r r .  e m .  S k u j a 
S k u j a  
S k u j a  
L a u t e r  b .  

S k  u j a  

K e n t  
K e n t  
K e n t  
C l a r k  
( B a c h m . ) B o l o c h . 

U t e r m .  
G e i t .  
H a n s  g .  

S c h i I I .  
S c  h i  I I • 

E h r . 
M a r s s .  
S k  u j  a 
S k u j a  
E h r . 
S k u j a 
S k u j a 
S k u j a  
B a c h m .  
G e i t l .  
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O I V  T A X O N 

C R Y C r y p t o m o n a s  r e f l e x a  
C r y p t o m o n a s r o s t r a t  i f  c r m i s 
C r y p t o m o n a s s p .  
C r y p t o m o n a s  t e n u i s  
C r y p t o m o n a s t e t r a p y r e n o i d i o s a ? 
R h o d o m o n a s t a c u s t r i s  
R h o d o m o n a s  l e n s  
R h o d o m o n a s m i n u t a  
R h o d o m o n a s m i n u t a  v .  n a n n o p l a n k t i c a 
U n i d e n t i f i e d c o c c o i d  

C Y A  A n a b a e n a  c i r c i n a l i s  
A n a b a e n a  s p .  
A n a c y s t i s  m a r i n a 
A n a c y s t i s  m o n t a n a  v .  m i n o r  
A n a c y s t i s  t h e r rr a l i s  
C o c c o c h f o r i s  e l a b a n s  
C o c c o c h l o r i s  p e n i o c y s t i s  
C o e l o s p h a e r e u rr: N a e g e l  i a n u m 
G o m p h o s p h a e r i a t a c u s t r i s  
O s c i I t a t e r i a  I i m n e t  i c a 
0 s c i I I a t  o r i a rr i n  i rn a  
O s c i l l a t o r i a S Li b b r e v i s 
O s c i l l a t o r i a t e n u i s  

E U G  E u g l e n a  s p .  
P h a c u s  s p . 
T r a c h e l o m o n a s  h i s p i d a 
T r a c h e l o m o n a s  s p .  

P Y R A m p h i d i n i u m s p . 
C e r a t i u m h i r u n d i n e l l a  
G y m n o d i n i u m s p .  
G y m n o d i n i u m s p .  # 1  
G y m n o d i n i u m s p .  # 2  
G y m n o d i n i u m s p .  # 3  
G y � n o d i n i u m s p . # 5  
P e r i d i n i u m i n c o n s p i c u u m 
P e r i d i n i u m s p . 
P e r i d i n i u m s p . # 0 2  

U N I Un i d e n t i f i e d f I a g e I I a t e #fO 1 
U n i d e n t i f i e d f l a g e l l a t e .... o v o i d  
U n i d e n t i f i e d f l a g e l t a t e - s p h e r i c a l  

A U T H O R I T Y  

S k u j a 
S k u j a  

P a s c h .  
S k u j a  
P a s c h .  f.. R u t t .  
P a s c h .  f.. R u t t . 
S k  u j a  
S k u j a  

R a b e n h o r s t  

( H a n s  g • ) 0 r • f.. D a i I y 
D r . f.. D a i l y 
( M e n e g h . )  D r . f.. D a i l y 
D r . f. D a i l y 
( K u t z . > O r . f.. D a i l y 
U n g e r 
C h o d .  
L e m m . 
G i c k l h .  
S c h m i d .  
C . A .  A g . 

( P e r t y )  S t e i n  e m . O e f l .  

( O . F . M u l l . )  S c h r a n k  

L e m m . 
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O I V T A X O N  

b A C  A c h n a n t h e s  a f f i n i s 
A c h n a n t h e s  b i a s o l e t t i a n a  
A c h n a n t h e s  c l e v e i 
A c h n a n t h e s  c l e v e i v .  r o s t r a t a  
A c h n a n t h e s c o n s p i c u a  
A c h n a n t h e s  d e f l e x a  
A c h n a n t h e s  e x i g u a  
A c h n a n t h e s  e x i g u a  v .  c o n s t r i c t a  
A c h n a n t h e s  f l e x e l l a 
A c h n a n t h e s h a L c k i a n a  
A c h n a n t h e s  l a n c e o l a t a 
A c h n a n t h e s  l a n c e o l a t a v .  d u b i a  
A c h n a n t h e s  l a p p o n i c a  v .  n i n c k e i 
A c h n a n t h e s l a p p o n i c a  v .  n i n c k e i ?  
A c h n a n t h e s  I i n e a r i s  
A c h n a n t h e s  I i n e a r  i s  f o .  c u r t a 
A c h n a n t h e s  m i n u t i s s i m a 
A c h n a n t h e s o e s t r u p i i v . l a n c e o l a t a 
A c h n a n t h e s  s p . 
A c h n a n t h e s  s u c h l a n d t i i 
A c t i n o c y c l u s n o r rr. a n i i  f .  s u b s a l s a 
A m p h i p l e u r a p e l l u c i d a 
A m p h o r a  o v a l i s  
A m p h o r a  o v a l i s  v .  a f f i n s 
A m p h o r a  o v a l i s  v .  p e d i c u l i u s 
A m p h o r a  p e r p u s  i I I a  
A m p h o r a s p .  
A m p h o r a  t h u m e n s u s  
A n o m o e o n e i s  v i t r e a 
A s t e r i o n e l l a  f o r rr o s a 
C a l o n e i s  s p . 
C o c c o n e i s  d i m i n u t a 
C o c c o n e i s  d i s c u i L s 
C o c c o n e · s p l a c e n t u l a v .  e u g l y p t a 
C o c c o n e  s p l a c e r, t u l a  v .  l i n e a t a  
C o c c o n e  s t h u m e n s i s  
C y c l o t e  I a  a n t i q u a  
C y c l o t e  I a  a n t i q u a ?  
C y c  o t e  I a  a t o rr u s 
C y c  o t e I a  c o m e n s i s  
C y c  o t e  I a  c o m e n s i s  - a u x o s p o r e 
C y c o t e  I a  c o rr e n s i s  v .  1 
C y c  o t e  I a  c o m e n s i s  v .  2 

C y c o t e  I a  c o m t a 
C y c  o t e I a  c o m t a  - a u x o s p o r e 
C y c  o t e  I a  c o m t a  v .  o l i g a c t i s  
C y c  o t e  I a  c r y p t i c a 
C y c  o t e  I a  k u e t z i n g i a n a 
C y c  o t e I a  m e n e g h  i n  i a n a 
C y c  o t e  I a  m i c h i g a n i a n a 
C y c  o t e  I a  m i c h i g a n i a n a - a u x o s p o r e 
C y c  o t e  I a  o c e l l a t a  

A U T H O R I T Y 

G r u n . 
( K u t z . ) G r u n . 
G r u n . 
H u s t . 
A .  M a y e r  
R e i m .  i n  P a t r . � R e i m . 
G r u n . 
( G r u n . ) H u s t . 
( K u t z . ) B r u n .  
G r u n . 
( B r e b . ) G r e g . 
G r u n . 
C G u e r m .  t M a n g . ) R e i m . 
( G u e r m .  � M a n g . )  R e i m . 
( � .  S m . )  G r u n . 
H . L .  S m . 
K u t z .  
H u s t . 

H u s t . 
( J u h i . - D a n n f . )  H u s t . 
( K u t z . ) K u t z . 
( K u t z . )  K u t z . 
( K u t z . ) V . H .  e x  D e l .  
( K u t z . > V . H .  e x  D e l . 
( G r u n . ) G r u n . 

( �i a y e r ) A • C I • 

( G r u n . ) P a t r . � R e i m .  
H a s s . 

P a n t . 
( S c h u m . ) C l .  
( E h r . )  C l .  
( E h r . )  C l .  
A .  M a y e r  
W .  S m . 
w .  S rr .  
P a n t . 
G r  u n . 

( E h r . >  K u t z . 

( E h r . )  G r u n .  
R e i m .  e t  a l . 
T h w .  
K u t z .  
S k v .  

P a n t . 
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D I V T A X O N  

B A C C y c l o t e l l a  o p e r c u l a t a 
C y c l o t e t l a  o p e r c u l a t a u n  i p u n c t a t a  
C y c l o t e l l a p s e u d o s t e l l i g e r a  
C y c l o t e t  I a  s p  .. 
C y c l o t e l l a s p . # 1  
C y c l o t e l l a  s p . - a u x o s p o r e  
C y c l o t e l l a  s t e l l i g e r a  
C y m a t o p l e u r a e l l i p t i c a 
C y m a t o p l e u r a s o l e a 
C y m b e  I I a  c e s a t  i i 
C y m b e l l a c i s t u l a v .  g i b b o s a  
C y m b e l l a d e l i c a t u l a  
C y m b e  I I a m i c r  c c e p h a  I a  
C y m b e  I I  a m i  n u t a  
C y m b e l l a  m i n u t a v .  s i  l e s  i a c a  
C y m b e l l a n o r v e g i c a 
C y m b e l i a p r o s t r a t a  v .  a u e r s w a l d i i 
C y m b e  I I a s i n u a t a 
C y m b e l l a s p . 
C y m b e l l a t r i a n g u l u m 
D e n t i c u l a  t e n u i s  v .  c r a s s u l a  
D i a t o m a t e n u e  
D i a t o m a  t e n u e v .  e l o n g a t u m 
D i p l o n e i s  e l I i J:: t i c a 
D i p l o n e i s  o c u l a t a 
D i p l o n e i s  p a r m a 
D i p l o n e i s  s p .  
E n t o m o n e i s  o r n a t a 
E u n o t i a  i n c i s a 
F r a g i l a r  i a o r e v  i s t r i a t a 
F r a g i f a r i a b r e v: i 5 t r i a t a v • i n f I a t  a 
F r a g i l a r i a  b r e v i s t r i a t a v .  s u b c a p i t a t a 
F r a g  i I a r i a c a p  u c i n a 
F r a g i l a r i a  c a p u c i n a v .  m e s o l e p t a  
F r a g  i l a r  i a  c o n s t r u e n s 
F r a g i l a r i a  c o n s t r u e n s v .  b i n o d i s  
F r a g i l a r i a  c o n s t r u e n s  v .  m i n u t a  
F r a g i l a r i a  c o n s t r u e n s v .  s u b s a l i n a 
F r a g  i l a r i a  c o n s t r u e n s v .  v e n t e r 
F r a g i ! a r i a  c r o t o n e n s i s 
F r a g i l a r i a  l e J: t o s t a u r o n  
F r a g i l a r i a  p i n n a t a  
F r a g i l a r i a  p i n n a t a  v .  i n t e r c e d e n s  
F r a g i l a r i a  p i n n a t a  v .  i a n c e t t u l a  
F r a g i l a r i a  s p . 
F r a g i l a r i a  v a u c h e r i a e 
F r a g i l a r i a  v a u c h e r i a e v .  c a p i t e l l a t a  
G o m p h o n e m a  a f f i n e 
G o m p h o n e m a  d i c h o t o m u m 
G o m p h o n e rr. a g r  a c  i I e 
G o m p h o n e m a  p a r v u l u m 
G o m p h o n e m a  s p . 

A U T H O I'< I T Y  

( A g .  > K u t z . 
H u s t .  
H u s t . 

( C t . f.. G r u n . )  V . H .  
( B r e b .  > W . S m .  
< B r e b .  f.. G o d e y ) W .  S m . 
C R a b h . ) G r u n . e x  A . s .  
B r u n . 
K u t z . 
G r u n . 
H i  I s e  
( B i e i s c h ) R e i m .  
G r u n . 
( R a b h . )  R e i m . 
G r e g . 

( E h r . )  C l .  
( N a g . )  W .  f.. G . S .  W e s t .  
A g . 
L y n g b .  
( K u t z . > C l .  
( B r e b . ) C l . 
C I • 

( J . W . B a i l . )  R e i m . 
w .  S m .  
G r u n .  
( P a n t . ) H u s t .  
G r u n . 
D e s m . 
( R a b h . )  G r u n .  
( E h r . )  G r u n . 
( E h r . )  G r u n . 
T e m p . f.. P e r . 
H u s t . 
C E h r . )  G r u n .  
K i t t o n 
( E h r . )  H u s t . 
E h r . 
( G r u n . ) H u s t .  
( S c h u m . ) H u s t .  

( K u t z . )  P e t e r s .  

( G r u n . > P a t r . 
K u t z . 
K u  t z . 
E h r .  e m . V . H . 

K u t z . 
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D I V  T A X O N 

B A C  G y r o s i g m a s c i c t e n s e 
M e l o s i r a a m b i q u a  
M e l o s i r a d i s t a n s 
M e l o s i r a g r a n u l a t a 
M e l o s i r a g r a n u l a t a v .  a n g u s t i s s i m a 
M e l o s i r a i s l a n d i c a 
M e l o s i r a i t a l  i c a 
M e l o s i r a  i t a l  i c a s u b s p .  s u b a r c t i c a 

M e l o s i r a  s p .  
M e r  d i o n c i r c u l a r e  
N a v c u  a a n g l i c a v .  s i g n a t a  
N a v c u  a a n g l i c a v .  s u b s a l s a 
N a v  c u  a c a p i t a t a  
N a v  c u  a c a p i t a t a  v .  h u r g a r i c a 
N a v  c u  a c i n c t a  
N a v c u  a c r y p t o c e p h a l a  
N a v  c u  a c r y p t o c e p h a l a v .  v e n e t a  
N a v  c u  a e x i g u a v .  c a � i t a t a  
N a v  c u  a g r a c i l o i d e s  
N a v i c u a g r e g a r i a  
N a v i c u  a i r t e g r a  
N a v i c u a j a e r n e f e l d t i  
N a v i c u a l a c u s t r i s  
N a v i c u a l a n c e o l a t a  
N a v i c u a m e n i s c u l u s v .  u p s a l i e n s i s 
N a v i c u a m i n i n a 
N a v i c u a p s e u c o r e i n h a r d t i i ? 
N a v i c u a p u p u l a  
N a v i c u a r a d i o s a  
N a v i c u a r a d i o s a v .  t e n e l l a 
N a v i c u a r e i n h a r d t i i 
N a v i c u a s e m i n u l o i d e s 
N a v i c u a s e m i n u l u m 
N a v i c u a s p . 
N a v i c u l a  t r i p u r c t a t a 
N a v i c u l a t r  i p u n c t a t a v .  s c h i z o n e m o i d e s  
N a v i c u l a t u s c u l a  
N a v i c u l a  v i r i d u l a  
N e i d u i m s p .  # 1  
N i t z s c h i a  a c i c u l a r i o i d e s  
N i t z s c h i a  a c i c u l a r i s 
N i t z s c h i a  a c u l a  
N i t z s c h i a  a c u t a 
N i t z s c h i a  a m p h i b i a 
N i t z s c h i a  a n g u s t a t a 
N i t z s c h i a  a n g u s t a t a v .  a c u t a 
N i t z s c h i a  b a c a t a  
N i t z s c h i a  c a p i t e l l a t a  
N i t z s c h i a  c o n f i n i s  
N i t z s c h i a  c o n f i n i s ? 
N i t z s c h i a  d i s s i p a t a 
N i t z s c h i a  f o n t i c o l a 

A U T H O R I T Y  

( S u l l i v .  E. W o r m l e y ) C l . 
( G r u n . } o .  M u l l . 
( E h r . )  K u t z . 
( E h r . )  R a l f s  
o .  M u l l .  
o .  M u l l . 
( E h r . )  K u t z . 
o .  �1 u l l .  

( G r e g . ) A g .  
H u s t . 
( G r u n . ) C l .  
E h r . 
{ G r u n . ) R o s s 
( E h r . )  R a l f s 
K u t z . 
< K u t z . ) R a b h .  
P a t r . 
A .  M a y e r  
D o n k . 
( W .  S m . )  R a l f s 
H u s t . 
G r e g . 
( A g . ) K u t z .  
( G r u n . > G r u n . 
G r u n . 
P a t r � • 

K u t z . 
K u t z . 
( b r e b . ) C l .  E. M o l 1 .  
( G r u n . ) G r u n .  
H u  s t . 
G r u n . 

( O •� F . M u l l . )  B o r y  
( B r e b .  e x  G r u n . ) V . H .  
E h r . 
( K u t z . )  E h r . 

A r c h .  n o n  H u s t .  
( K u t z . ) w .  S m . 
H a n t z .  e x  C l . f. G r u n . 

H a n t z . 
G r u n . 
( W .  S m . )  G r u n . 
G r u n . 
H u s t . 
H u s t . 
H u  s t . 
H u  s t . 
( K u t z . ) G r u n . 
G r u n . 
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D I V  T A X O N  

d A C  N i t z s c h i a  f r u s t u l u m 
N i t z s c h i a  f r u s t u l u m v • m i n u t u l a  
N i t z s c h i a  g a n c e r s h e i m i e n s i s  
N i t z s c h i a  g r a c i l i s 
N i t z s c h · a  i m p r e s s a  
N i t z s c h a k u e t z i n g i a n a 
N i t z s c h a l a u e r b u r g i a n a 
N i t z s c h  a l i n e a r  i s  
N i t z s c h  a p a l e a 
N i t z s c h a p a l e a v .  d e b i I i s  
N i t z s c h a a  p a l e a c e a  
N i t z s c h i a  p u r  a ?  
N i t z s c h i a  r e c t a 
N i t z s c h i a  r o m a n a  
N i t z s c h i a  s o c i a b i l i s  
N i t z s c h i a  s p . 
N i t z s c h i a  s p i c t l u m 
N i t z s c h i a  s u b a c  i c u l  a r  i s  
N i t z s c h i a  s u b I i n e a r  i s  
N i t z s c h i a  s u b I i n e a r i s ? 
N i t z s c h i a  s u b r o s t r a t a 
N i t z s c h i a  t e n u i s  
N i t z s c h i a  v a l d e s t r i t a 
O p e p h o r a  m a r t y i 
R h i z o s o l e n i a e r i e n s i s  
R h i z o s o l e n i a l c n g i s e t a  
R h i z o s o l e n i a s p . 
R h o i o c o s p h e n i a  c u r v a t a  
S k e l e t o n e m a  p c t a rr o s  
S t a u r o n e i s  s m i :t h i i  v .  m i n u t a 
S t e p h a n o d e s c � s a l p i n u s  
S t e p h a n o d i s c u s  a l p i n u s ?  
S t e p h a n o d i s c u s  b i n d e r a n u s 
S t e p h a n o d i s c u s  b i n d e r a n u s ?  
S t e p h a n o d i s c u s  h a n t z s c h i 
S t e p h a n o a i s c u s  m i n u t u s 
S t e p h a n o d e s c u s n i a g a r a e  
S t e p h a n o d i s c u s  s p . 
S t e p h a n o d i s c u s  s p .  # 0 3 
S t e p h a n o d i s c u s  s p .  - a u x o s p o r e 
S t e p h a n o d i s c u s  s u b t i I i s  
S t e p h a n o d i s c u s  t e n u � s  
S t e p h a n o d i s c u s  t e n u i s  v .  # 0 1 
S t e p h a n o d i s c u s t e n u i s  v .  # 0 2 
S t e p h a n o d i s c u s  t e n u i s ? 
S t e p h a n o d i s c u s  t r a n s i  l v a n i c u s  
S u r i r e l l a  a n g u s t a 
S y n e

' 
d r a a m p  h i c e p h  a I a v • a u  s t r i c a 

S y n e d r a c y c l o p u m  
S y n e d r a  d e t i c a t i s s i m a v .  a n g u s t i s s i m a 
S y n e d r a  f a rn e  i I i c a  
S y n e d r a f i l i f o r m i s 

A U T H O R I T Y 

{ K u t z .  > G r u n . 

K r a s s k e  
H a n t z .  
H u s t . 
H i  I s  e 
H u s t . 
w .  S m . 
( K u t z . ) w .  S m . 
< K u t z . ) G r u n . 
G r u n .  
H u s t . 
H a n t z .  
G r u n . 
H u s t . 

H u s  t .  
H u s t . 
H u s t . 
H u s t . 
H u s t .  
w .  S m .  
A l e e m  E. H u s t . 
H e r i b . 
H . L .  S m . 
Z a c h . 

C K u t z . ) G r u n .  
( � e b e r ) H a s l e  E. E v e n s .  
H a w . 
H u s t .  
H u s t . 
( K u t z . ) K r i e g .  
( K u t z . ) K r i e g .  
G r u n . 
G r  u n . 
E h r .  

( V a n  G o o r ) A .  C l . 

H u s t . 

H u s t . 
P a n t . 
K u  t z . 
C G r u n .  > H u s t .  
B r u t s c h y  
G r u n . 
K u t z . 
G r u n . 
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O I V  T A X O N  

B A C  S y n e d r a  f i l i f c r m i s  v . e x i l i s 
S y n e d r a  m i n i s c u t a 
S y n e d r a  p a r a s i t i c a 
S y n e d r a r a d i a n s  
S y n e d r a  s p .  
S y n e d r a  u l n a 
S y n e d r a  u l n a v .  c h a s e a n a  
S y n e d r a  u l n a v .  d a n i c a 
S y n e d r a  u l n a v .  l o n g i s s i m a 
T a b e l l a r i a  f e r e s t r a t a 
T a b e l l a r i a  f e r e s t r a t a v .  g e n i c u l a t a  
T a b e l l a r i a f l o c c t; l o s a 
T a b  e I I a r i a f I o c c u I o s a  v .  I i n  e a r i s 

C A T  V a c u o l a r i a  s p . 

C H L  A n k i s t r o d e s m u s f a l c a t u s 
A n k  i s t r o d e s m u s g e  I i f a c t u m  
A n k i s t r o d e s m u s  s p .  # 0 1 
A n k i s t r o d e s m u s  s p . ?  
A r t h r o d e s m u 5  b i t i d u s  
B o t r y o c o c c u s  b r a u n i i 
C a r t e r i a  s p .  
C h l a m y d o c a p s a  � l a n k t o n i c a 
C h l a m y d o c a p s a  s p .  
C h l a m y d o m o n a s s p . 
C h l a m y d o � o n a s  s p . - o v o i d 
C h l a m y d o � o n a s  s p .  - s p h e r e  
C l o s t e r i o p s i s  s p .  
C l o s t e r i u m a c i c u l a r e  
C l o s t e r  i u m g r a c i l e 
C o e l a s t r u m c a rr b r i c u m  
C o e l a s t r u m m i c r o p o r u m  
C o e l a s t r u m s p . 
C o e n o c y s t i s  s p .  
C o s m a r i u m s p .  
C r u c i g e n i a  i r r e g u l a r i s  
C r u c i g e n i a  q u a c r a t a 
C r u c i g e n i a  r e c t a n g u  l a r i s  
D i c t y o s p h a e r i u m e h r e n b e r g i a n u m  
D i c t y o s p h a e r i u rr � u l c h e l l u m 
E l a k a t o t h r i x  g e l a t i n o s a  
E l a k a t o t h r i x  v i r i d i s 
E l a k a t o t h r i x  v i r i d i s ? 
G l o e d a c t i n i u m l i rr n e t i c u m 
G o l e n k i n i p s i s  s p .  
G r e e n  c o c c o i d  
G r e e n  c o c c o i d  # 0 4 
G r e e n  c o c c o i d - a c i c u l a r 
G r e e n  c o c c o i d  - t: a c i I I i f o r m  
G r e e n  c o c c o i d - b i c e l l s  
G r e e n  c o c c o i d  ... f u s i f o r m  

A U T H O R I T Y 

A • C I • 

G r u n . 
W .  S m .  
K u t z .  

( N i t z . ) E h r . 
T h o m a s  
( K. u t z . > V . H .  

( W .  S m . )  B r u n . 
K u t z . 
A .  C I • 

( R o t h )  K u t z . 
K o p p e n 

< C o r d a )  R a l f s 
C C h o d . ) B o u r  r .  

B r e b . 
K u t z . 

( � .  � G . S .  W e s t ) F o t t  

T .  W e s t  
B r e b . 
A r c h . 
N a g . i n  A .  B r a u n  

W i I I  e 
M o r r e n 
A .  B r a u n  
N a g . 
W o o d . 
� i I I e 
( S n o w ) P r i n t z  
( S n o w ) P r i n t z  
G . M .  S m . 
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D I V T A X O N  

C H L  G r e e n  c o c c o i d  ... f u s i f o r m  b i c e l l s  
G r e e n  c o c c o i d - o o c y s t i s - 1  i k e b i c e l l 
G r e e n  c o c c o i d - o v a l 
G r e e n  c o c c o i d - r e n i f o r m  
G r e e n  c o c c o i d  - s p h e r e 
G r e e n  c o c c o i d  - s p h e r e ( l a r g e ) 
K i r c h n e r i e l l a  c o n t o r t a 
M o n o r a p h i d i u m c o n t o r t u m 
M o n o r a p h i d i u m i r r e g u l a r e  
M o n o r a p h i d i u m rr a n u t u m  
M o n o r a p h i d i u m s a x a t i l e 
M o n o r a p h i d i u m s e t i f o r m a e  
M o n o r a p h i d i u m t o r t i  l e  
N e p h r o c y t i u m A g a r a h i a n u m  
N e p h r o c y t i u rn  I i m n e t  i c u m 
O e d o g o n i u m s p . 
O o c y s t i s  s p . 
O o c y s t i s  s p . # 1  

O o c y s t i s  b o r g e i 
O o c y s t i s  c r a s s a 
O o c y s t i s  i a c u s t r i s  
O o c y s t i s  m a r s c n i  i 
O o c y s t i s  p a r v a  
O o c y s t i s  p u s i  I I a  
O o c y s t i s  s o l i t a r i a  
O o c y s t i s  s u b m a r i n a 
P e d i a s t r u m  s p . ?  
P h a c o t u s  m i n u s c u l a  
P h a c o t u s  s p .  
P l a n k t o n e m a l a u t e r b o r n i i 
P l a n k t o n e m a  s p . : 

P t e r o m o n a s s p . · 
P y r a m i d o m o n a s  s p .  
S c e n e d e s m u s  a c L � i n a t u s  
S c e n e o e s rr u s  e c c r n i s  
S c e n e d e s rr u s  q u a a r i c a u d a  
S c e n e d e s rr u s  q u a d r  i c C:� u d a  v .  l o n g s p i n a 
S c e n e d e s m u s s e c u r i t  o r m i  s 
S c e n e d e s m u s  s e r r a t u s  
S c e n e d e s m u s  s p .  
S c e n e d e s m u s  s p i n o s u s 
S c h r o e d e r i a  s e t i g e r a  
S p h a e r e l l o c y s t i s l a c u s t r i s  
S p h a e r e l l o c y s t i s  l a t e r a l  i s  
S p h a e  r o c y s t i s  s c h r o  e t e r  i 
S t i c h o c o c c u s  s p . 
T e t r a e d r o n c a u d a t u m 
T e t r a e d r o n  m i n i m u m  
T e t r a s p o r a  l a c u s t r i s 
T e t r a s t r u m g l a b r u m 
T r e u b a r i a  p l a n k t o n i c a  
T r e u b a r i a  s e t i g e r a 

A U T H O R I T Y  

( S c h m i d . ) B o h l rr:  
( T h u r . )  K o m . - L e g n .  
( G . M .  S m . )  K o m . - L e g n . 
( N a g . )  K o m . - L e g n . 
K o m . - L e g n .  
( N y g . )  K o m . - L e g n . 
( W . & w . )  K o m . - L e g n . 

N a g .  
( G . M . S m . )  G . M .  S m .  

S n o w  
W i t t r .  i n  W i t t r . & N o r d .  
C h o d . 
L e m m . 
W e s t  f. W e s t  
H a n s  g .  
W i t t r .  i n  W i t t r . E. N o r d .  
L a g e r h . 

B o u r r .  

S c h m i d l e  

( L a g e r h . ) C h o a .  
( R a l f s )  C h o d .  
( T u r p . ) B r e b .  
( C h o d . ) G . M . S m . 
P l a y t .  
( C o r d a )  B o h l m  

C h o d . 
( S c h r o e d . ) L e m m . 
S k u j a  
F o t t  & N o v a k . 
C h o d . 

< C o r d a ) H a n s g .  
( A .  B r a u n > H a n s g .  
L e m m . 

( G . M . S m . )  K e r c h . 
( A r c h . ) G . M .  S m .  
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O I V  T A X O N  

C H R B i t r i c h i a  c h o d a t i i  
8 i t r i c h i a  o h r i d i a n a  
C h r o m u l i n a s p .  
C h r y s o c o c c u s  s p . ?  
C h r y s o l y k o s  a n g u l a t u s  
C h r y s o l y k o s  p l a n k t o n i c u s  
C h r y s o l y k o s  s k t j a e 
C h r y s o l y k o s  s p . 
C h r y s o s p h a e r e l l a  l o n g i s p i n a 
D i n o b r y o n  - c y s t  
D i n o b r y o n  a c u rr i n a t u m 
D i n o b r y o n b a v a r i c u m 
D i n o b r y o n  b o r g e i 
0 i n  o b r y o n  c y I i n  o r  i c u rn  
D i n o b r y o n  d i v e r g e n s  
D i n o b r y o n e u r y s t c m a ? 
D i n o b r y o r  s e r t L i a r i a  
D i n o b r y o n  s o c i a l e  
D i n o b r y o n  s o c i a l e  v .  a rr e r i c a n u m  
D i n o b r y o n  s o c i a l e  v .  s t i p t a t u m 
D i n o b r y o n  s p . 
D i n o b r y o n  s t o k e s i i v .  e p i p l a n k t o n i c u m  
D i n o b r y o n  t u b a e f o r m a e 
D i n o b r y o n  u t r i c u l u s v .  t a b e l l a r i a e  
H a l o b r y o n  s p . ?  
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