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ADS11\ACr 

G/colric1.;a echlll"lala was planktonic in Green Lake (Scatlle, Washington I dllring 
summer, making its inilial appearance between \1:1)' amI early July and disappearing duril1J; 
September. Il appalently spent 8 to 10 monlh~ of the year on U1C bottom where colonies 
dev.,}oped from spores depositeJ by tho preccding year's 0100111. The depth of spore 
deposition may be import.-ml in determining th .:: Slh,;cess of spow nt<ltHration. and solar 
radiation mar be a pri.nary facto'r in inducillg t )l~ :l1Inual return of th is alga to the plankton. 
The maximum irhWlh rale in 1966 was about 0.124 colony doublings per a,IY. The vertical 
oistriuution of the colouies was controlled primarily by wind-induced currents. The 
colonies hold no measurahle effcct on light llenl!tl':l lion even at a maxunUlll ucnsity of over 

. 400 colonies prr lilt"r. Laooutory studies indicated that G. echiuuiata can fix nitrogcn. 
Only .one herbivore in Crecn Lake, l .. illduJ eudlromati{;Q, is known to feed on this species. 

l/'o;'TI\ODUcnO:-l 

GleOlricliia ecliiliulata (J, E. Smith) IUcht. 
is \ ... idcly distributed in freshwater lakes of 
the northern hemisphere. In \"'ashington it 
has. been reported from Lakes Washi:1glon 
and St!;vcns (Edmondson, uJlpublished) 
alllI Green Lake (Roelofs 19(7). Because 
of its very large (1-2 mm) and morpho
lugicall}' complex colonies, it is difficult to 
quantify and hence is often omitted from 
stallclard plankton counts or only noted :IS 

pr('~nt. The relative importance of this 
fom. may thus have bee\!, underestimated 
for some lakes and its presence not even 
recoreled in others. 

This colonial species occurs as sheathed 
ag~rt'gations of filaments (Fig. 1) each 
haYillg a basal heterocyst and several large, 
barrellike cells, tapcl;ng to long rectan
gu!.1f Cells at the apex of the filament. 
:\ kinetcs (special reiting or reproductive 
spures) develop adjacenr-to- the heterocyst 
from the first vegetative cell. 

1 The Green Lake .tudy was .ponsored by Fed
eral \Vater Pollution Control Administration Dem
onstration Project Grant WPD.3S-01·(IU) and by 
wrotr"ct ' PI! 86-66-33. Phytoplankton identifica· 
tions were verified hy Dr. R. Norris, Departmeht 
of Botany, UniversilY of Washington. 
. • Present address: Depnrtment of Fisheri"s 
and Wildlife, Oregon State University, Corvallis 
07:>31. 

DESO\lPTION OF: CI1EEl., LAKE 

The stuuy was conducted at Greell Lake 
(Seattle, Washingtun) which has the fol
lowing morphometric ckuaeteristics: sur
face area, 104 ha; shoreline length, 4.7 km; 
average water depth, 3.8 m; maximum 
de[lth, 8.8 HI; normal watcr <-'Olltent, 4.12 X 

10'; m'; shoreline Ilevdopment, 1.30; and 
2: 2 m , 0.'13. FoUl depths (surface, 3 m, 
.:I Ill, and immcdiately off the bottom in the 
deep('.> t portion) W"fC sampled ro\\tinely at 
a slation Ilear the cenler of the lake. Data 
presented in TalJle 1 were detcnnined by 
averaging values from all depths sampled 
and are lypical of sUlllmer values for other 
years as well. Other occasional delennina
hons indie:l tc that the calcium contellt is 
about 8 mg/ liter, magnesium about 3 mg/ 
liter, and silicon ahout 2 mg/litcr, TIle 
total harC:ncss averages around 32 mg/liter 
as CaCO" and total dissolvcd solids aver
agc about GO mg/litcr. 

Grecn Lake is generally well mLxed and 
exliibits no permanent thennoeline in sum
mer. Altho\\gh the lakc has frozen over in 
the pas t, there was no iee during the win
ters immediately preceding and following 
our study. 

Green Lake has probably been eutrophic 
for some 7 millenia and the depth of or
ganic bottom deposits now exceeds that of 
the overlying water (Sylvester and Ander-

1960, 1964). Nuisance blooms of the ~ 
• Preoent address: D'epartment of Conservation, 

. Cornell University, Ithaca, New York · 14850. son 
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FIG. 1. Gleotrichia echinulata colol1Y showing thallils of radially arranged filaments (dark field illu-. 
mination, 32.0 X ). 

cyanophytes Anabaena circinaiis, A. C01\· 

stricta, and G. ecilinllwta occur in late sum
mer and early autumn. Other genera of 
prominent algae in the phytoplankton are 
Dictyospilaerium, Oucystis, Stamastrum, 
Dinobryon, Eudorina, Melosira. Asterio
Tlelw, Fragilaria, Pediastrum, and Anocyctis. 

LIFE CYCLE OF G. EClllNULATA 

Gleolrichia colonies were found in the 
phytoplankton during summer months only. 
TIley first appeared in early June in 1965, 
early May in 1966, and early July in 1967. 
In all 3 years, colonies had disappeared 
from the water mass by mid·September. A 
curve showing the change in colony num
bers during a portion of summer 1966 
(Fig. 2) illustrates the approximate .ate of 

growth of this species in Green Lake. It 
was estimated that the Jlopubtion in· 
creased at a rate of 0.124 colony doublings 
per day between 20 July and 10 August. 

Akinetes were first seen in 1966 on 18 
July, TIley seem to be produced when the 
colonies reach a certain size (Fritsch 1945), 
They were present in a limited number 
of colonies in 1966 before the period of 
maximum growth, indicating that spore 
production probably was not due to an 
unfavorable environment; akinetes were 
also observed on colonies growing and re
producing rapidly in the laboratory. 

After the species had disappeared from 
the phytoplankton in September 1966, a 
bottom sample taken in November had no 
recognizable colonies, but did contain iso· 
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Fie. Z. Gleo/ric";" echlnulata growth curve for 
1966 in Creen Lake. Colony counts were made 
on single 200-ml samples from depths of 0, ;l, 4, 
an<j . 7.5 m. 

Iatt'o·indh·idual akinetes. In March H)66, 
ucwloping colonies were found on the lake 
hottom;·' thc)' had a stubbed ~ppcarance 
and wcre yellow-brown to pale green. 1111' 

iilarnents were short, being comr..osed of 
from .j to 6 cells. Similar developing colo
nies were foUnd Oil the bottom in January 
1967. 

lt~thus appears that the colonies at the 
('nd of one season's bloom deposit spores 
which then develop on tlie bottom over 

winter an.! that the IWW (;oloni"s enter the 
pl;ltIkltlll wl,, 'n 11 .. ,y III'l'on"l Sllflidl'lltly 
buoyant. A vertical s<'rics of water samples 
taken on 23 June J907 contained no Gleo
Idehi" . Ry 3 July, colollies wcrc mtcring 
the plankton (Fi~. 3). TI", :ltypit'al verti
cal (listri!Jutiotl on this <late, with larger 
numbers a t greater depths and none at the 
surface, may rqm'sent this process. 

Akinetes in matme colonies have what 
appear to he oil droplets inside the cells. 
It seems probahlc that these represent a 
food reserve that provides energy for rest
ing metabolism of the spores. If, at the 
onsd of summer, food reserves are insuffi
cient to allow for l1CW colony fonnation, 
then the dep th of spore deposition, water 
tr:msparency, and the amollnt of solar radi
ation available for photosynthesis may be 
critical. Circumstantial evidence support
in~ this is the rarity of G. ec1Jinulata in 
L~ke Washington as compared with Green 
Lake; although tIll! waters are chemically 
similar, Lake Washington has a steep-sided 
basin with only about 17,),0 of its area con
sisting of waters 10 111 or less in depth. 
More direct evidence is provided by com
parison of the chemical and physical condi· 
tions in Gr0en Lake during 1965-1967 for 
the periods when Gleotrichia first made its 
appearance in the plankton. All the param
eters listed in Table 2 represent averages, 
and no marked increases or decreases oe· 

TABLE I. Some phVlical and chemical charac'Alristics 0/ Green Lake, Sellule, Mav-September 1966 

MeUWTnI80l 

Temp ('C) 

Con,luetivity (",,"hos/em' at MC) 
Seed.i ,lise transparency (m) 
Turl,i, lity (Illg/liter 5iO,) 
Color (color un;,,) 
" II 
Dissolved oxygen (mg/liter) 
Ois<olved oxygen (% saturation) 
Tot.1 alkalinity (mg/liter as CaCO.) 
JIIitrate-N (Jog/liter) 
Orthophosplu te-P (I'g/liter ) 
Total-P (I'g/liter) 
Chtorophyll a (I'g/liter) 

:So.o( 
observlltiOnJ 

25 vertical 
profiles 

86 
2·1 
91 
86 

103 
106 
99 

100 
89 
85 
7-l 
7, 

AVI value 
Range of 

values 

surface, 14.3-22.5 
7.6 m, 12.2-19.5 

86.9 59-1I6 
3.0 1.1-4.3 
.l..1 0-44 

17.5 5-70 
7.7 6.6-9.0 
8.6 0.75-11.0 

89.5 8-122 
32.6 20-50 
23.0 0-91 
8.6 0-34.3 

30.7 3.3-75.0 
3.09 0.55-23.21 
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FIC. 3. Numoer of Glcol r!cl,ia echinulala colonies per Iit~, VI"5I1S depth In Creen Lake. 1007. Sam
pHng: oates arc giv~n at the top uf each figure. 

eurred immediately before an·d during the CULONY DEPTH DISTIUBUTIO:'> AND 

periods of interest. Nitrate-N, chlorophyll LlGUT PF.NE1l1ATlON 

a, transparency, and temperature all show Wind mixing of Green Lake is important 
rather wide, and apparently uncorrebted, in keeping the colonies distributed through
variations between the 3 years. I'hosphate- out the water column. They float at the 
P was present at the same concentntion surface following periods of little or no 
each year at the time of Gleotricllia's "mer- wind. Thev also collect at the surface of 

) gence into the plankton and also during a water s;mple shortly after it is taken. 
the entire early summer. Q,1)!¥~~r . r~~ii.!- This probably is not due to a change in 

J~h .!-'. i~ . .p sl;eI12LtQ .. 9ffer an o~vl~u~":<;:O~z;£h~ colony density or to temperalure differ
. _ With the adyent of Gleotn011a .mth~ \~a_~~ 
~ iiiasC(.Table 3). The-values for 1-7 June 

'1965 -and 1-7 May 1966 are much above TABLE 2. Approximate value. of clIemical.llnd 
seasonal nonns for· the Seattle area and in pl.vdcal paramet~" at the tl~ whe" Cleotrtch.a 

. bl h echmulata 'Ca.t /.rsl observed In II.e plankton <fur-both cases, are constdera y greater t an ing 1965, 1966, and 1907 
for the preceding weeks. On the other 
hand, in 1967, when G. echirwlata did not 
appear in the plankton until early July, 
weekly averages of solar radiation exhib
ited a pattern of gradual increase up to 
this time, with no pronounced bursts of 

l:;i~Jun ~"'W;6tl.Y Ea{l;61uJ 

NOrN (I'g/liter) 
PO," -P (I'g/li ter ) 
Chlorophyll a (I'g/liter ) 

energy like those characterizing the peri- 5ecchi disc 

30 
10 
5 

40 
10 
10 

2 

10 
10 
3 

3.5 ods when the alga became planktonic in transparency (m) 3.5 
1965 and 1066. Temp ('C) 16 15 22 
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FIG. "4. Number of C!eoidc1Jia ecllinu/ula colonil!s per liter versus depth in Green Lake, 1968. Sam· 
pling dJles art!' given at the top of each figure nnd prc\,~Ii1illg windspced and direction, averaged for 4 
U.1ys befnrc tho s;1rnplc dale, are presented al t!lC botto:n. 

4 October. Transparency decreased sharply 
with the increase ill A circilUzlis (Oglesby 
HJG9). A similar pattern was observed in 
1967 when blooms of A. comtricta and, 
suhsequently, A. circinalis again replaced 
Cleotrichia as the dominant fonns of 
phytoplankton. 

ences, since colonies /loat at the surface ,"f 
culture vesscls in the lahoratory when tl:ey 
arc not shaken, even though the tempe:a
lure ' remains constantr TInttner (UlG3) 
showed the effect of \\~lTd mixing on lhe 
vertical distribution of C. ecllillulata in 
Gr. Planer Sec; a similar phenomenon was 
demonstrated by Roelofs (1967). 

Profiles of light penetration were m;.de ANNUAL VARIATIONS IN TIlE NU~IBERS 
throughout summer. Colony demity of OF CLEOTRIClJIA COLONIES 

Clcotrichia had no observable effect on A comparisoll of Figs. 3 and 4 shows that 
light p"netration in' Green Lake. TIle per during 1967 numbers of colonies were con
cent of surfac-c illuf11i~icin penetrating. to sistently lower than in the previous year 
1 m was the same (about 4370 ) on 6 July with no Jl eriods of rapid increase. Data 
lOG6 as it was ou 12 August although the arc not sufficient to show a finn causal 
colony co.lccntrations were 108 ::t: 23 and rclntionship but increased washout rates 
470:!: 163.5/liter respectively (95'70 confi- and decreased levels of primary nutrients 
dence limits ). The deepest Secchi disc (Oglcsby 1969) were factors possibly con
reading of the sommer m was re- tributing to the lower 1967 standing crop 
core e_E!_.£~~g~st when.....th~Clw- of Gleotrichia. 
g/c7iiq ~p~lation was--at" -r~s-l?eak. As
Glcotrichia aecreasea--during August, A. 
circinalis increased rapidly to 'a maximum 
density, estimated at 160,000 cells/ml, on 

t-J- ~j ~ 

N'rI1\OGEN ·FI*ATION 

. Glcotrichill echinulata is probably a ni
trogen fixer (Zehnder 1963); culture of the 

Lk~ C L.,\·t/ 
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TAIII.>: 3. ApCTtlf(t'" "I <I"i/" 101,,/ ( t /irl"r.1 tIIIt/ <Ii/
IIISI ~ ou " lwrJ:,,,,,'ul .'iurfllt'r.) rmlitl/l"n In ~ ,:"l/.:w' 
"WfI.'tflft" ! lUll" 'III J':,llIk'u purildiOl1u:lcr Cll tho 

UniversilV of Was/lington, about 5 km from 
-Green Lake 

IIlGS Junu 1mi7 

April 
1- 7 300.9 384.2 419.7 
&-14 320.9 224.3 303.8 

15-22 34G.B 387 .6 274.8" 
23-30 445.6 3-17.0 363.1 

May 
1- 7 386.4 548.2 317.2 
&-14 541.2 370.1 25-1.1 

15-2.2 441.6 436.8 520.7 
23-31 413.6 573.lt 430.9 

June 
1- 7 697.2 407.1 463.6 
&-14 429.7 518.7 465.8 

15-22 553.9 570.9 536.0 
23-3() 556.1 469.5 504.0 

July 
1- 7 576.9 52.3.71 600.7 

• No d,atll 15, 16, IWd 17 April. 
t No datn 28. 29, 30, and 31 Muy. 
t. 6 and 7 July only. 

(;U;O"l"//II:IIIA AS AN F.I.K'\"'NT IN 

Till·: "'''01> (;III\IN 

The only Green Lake herbivore seen 
feeding 011 Gleotrichia was the Totifer Lill

elia ellchromnlicn, a species whose life cycle 
i~ cl'nlcrcd arollnd lhis alga (EulIlondson 
1931l). Although it was at times very abwl
dallt on individual colonies, we ohserved 
L. eUc!lrol/wtica on relatively few occasions 
anu then only in bte summer. TIle size of 
the colonies of Gleotricliia (up to 2-mm 
dian!) is thought to restrict their use by 
copepods and cladocerans, the primary 
Green Lake herbivores. 

Colonies were found in rainbow trout 
(Salmo gairdneri) stomach samples taken 
in August. The)' were easily recognized, 
even in the lower intestines of the fish. 
These colonies probably were ingested ac
cidentally while the fish were feeding, 
since Gleolrichia was abundant in the lake 
at th is time (200-400 colonies per liter). 

Use of the colonies by the usual plank-
. . . . ton herbivOl cs is minimal, so this species 

spe.cles ltl ou~ labo~atory gave further mdl- may be useful in ShldYUlg growth kinet
catIOns of tlus alllhty. The alga grew well ics of algal populations in the natural 
in a Chu No. 10 mcdium containing no environment. 
nitrogen, colony numbers increasing 15-
fold in one 13-day period. Thl!se cultures REFEIIE."= 

were not bacteria-free and also contained EDMO~DSO". W. T. 1038. Three new 'pecie. 
a small filamentous alga (Oscillalorill or of Hotatoria. Trans. Am. Microscop. Soc. 
Phormidium); nitrogen fixation hy the lat- 57. 153-157. 
ter was ruled out since it was unable to FRITsc'" F. E. 1945. The strUelure and repro-

I . . fl' ductioll of the algae, v. 1. Cambridge. 702 p. 
grow a one ill a ~ltrogen- ree mec lUm. Ocu:sn,'. II. T. 1069. Effect, of controlled nu-
Cultures were kept ill an Eberbach water- tricnt dilution on the eutrophication of a lake, 
bath-shaker at a shaking rate of 30 cpm. p. 4&1-493. In Eutrophication: causes, con-
Continuous lighting was proVided by two scquencos, corrective.. "'atl. Acad. Sci.-Nntl. 
fluorescent lights (Gro-Lux) suspended 33 Res. Cuuncil, Publ. 1700. 

b h b h d . I" ROELOFS. T. D. 1967. The ecolo~y of Cwo-
em a ove t e water at an provlC mg triehu. cdl inuwla, a planktonic, bIlle-green 
1,722-1,938 lux at the surface of the water. alg;,. in Crecn L,ke, Seattle. Washington. 
Temperature of the waterbath was not ~(~; . Ihesis, Univ. Wash., Soot tIe. 85 p. 
regulated and varied with that of the room RU'n-NElI, F. 1063. Fundamcntals of limnology. 
(20-23C). Univ. Toronto Press, Toronto. 295 p. 

TIle ability to fix nitrogen may be im- SYLYESTI-.lI, R. 0., AND C. C. :,"-'1DEOSO". 1960. 
. . . An cngJOeerUlg and ecological study for the 

portant to Gleotnchla Ul Green Lake rehabilitation of Creen Lake. Rep. Seattle 
since the nitrate-N levels in the lake fall Park Dep., Sealtle, Wash. 194 p. 
below detectable limits (phenyldisulfonic --, "ND --. 1964. A. lake's response to 
a.rid....met.ho_d) during some months when __ its. cnvirorunent. J. Sani!. Eng. Div., Am . 

th- " t (0 .\. b 1969)' Soc. e lvil- Engrs:-9lh- l-22-. -e species IS presen g es y ,am- ,,_ .. _ A 1963 K I . h . ~I_ 
. N' I d bl d ' tho .......",.uEl' . . • u terversuc 0 nut "",0-

morna- IS a so un etecta e unng IS lric/afa cchirw,/ala (J. E. Smith) P. Rlchler. 
pcriod. Schwe .... Z. Hydr"l. 2S I 65-83. 
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