One Green Ridge Road
Pittsford, New York 14534
October 19, 1979

TO: Dave Warren
Ann Conklin
Betty & Graham Davis
Pete Auechner R R
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Dear Fagle Lake Property Owner's Association Executive Committee:

I am enclosing a letter received from my friend at Cornell who is doing his
graduate thesis on lake water conditions. His letter, and his attachments, are
generally self-explanatory.

I discussed his letter and the problem with him last week-end, have have some more
information which I think you should haves: ’

1)  "Blue-green" algae are generally "good" algae. He says that this partic-
ular creature is very difficult to get rid of. It generally is an uncommon
situation, and, without further study he cannot make any judgement why
it would be in Eagle Lake,

2) It is very possible that it is in the lake due to a rise in the nutrient
level, i.e., from phosphates used in washing machines or dishwashers, or
from fertilizers used on lawns. (I assured him that the latter possibility
was quite remote.)

3)  When he says that trying to get rid of it would bring in less favorabie
algae, he is talking about chemical treatment of the lake. 1 asked him
if he thought that a reduction in the amount of phosphates in the lake
could cut back their deveiopment and he said "quite possibly".

4)  Since writing his letter, he has found other articles about this algae
which state that it can be toxic to the skin of some swimmers, giving
them a type of "swimmer's itch", This allergy is not common, but it can
occur.

An interesting side light on this critter is that it adjusts it own level in the water
by the amount of nutriments it needs for life. It is hollow and retains gas in its
core which makes it float. If there is too much sun, it exudes this gas and sinks,
but when it needs more light, it retains the gas and rises. Therefore, after a
rainstorm or in the morning, one finds many more on the surface than later in the
dav.

So what to do? Dr. Oglesby, who wrote the enclosed article, is at Cornell, and can
be reached at the address in the article. 1 feel that you shouid contact him,
referencing Frank Vertucci's study, and seeing how much he would want for a study
of the chemical composition of the lake to determine whether phosphates are, in
fact, the cause of them, and how best to get rid of them. If we find out that it is
phosphates, we certainly would have justification, (rather than supposition), to run
the dye tests.



I am going to send this article to all residents on the North side of the Lake who
probably draw the water from the Lake, suggesting that they use ceramic {filters to
strain the intake water, as there also could be some internal toxicity. Unfortunate- -
ly, 1 do not know the names of the people on the South side of the Lake, under the
bridge, other than Ruck, but I will send him one, too.

Good luck!
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R - oct. 8,1979

To: R.C. Stevens
Ra: Eagle Laké and the "thing"
From; Frank Vertucci
Dear Bob,
I have been ablse to, with out any doudbt, identify the material
in question. They ar:colonias of a free floating blue-green algae

called Gleotrichia echinulata, The enclosed reprint tells much of

what is known about this inteﬁéting, harmless algae. Rarely do they

reach the numbers demostrated in your lake. They are too large for

C;Luﬂ+.@m+w\ tlooting can'imals
most herbivérous zooplankton, they are not digested by fish so in
short, where the snvironment allows their development they can repro-
duce unchecked. If you wish to rid your lake of these algas they
would be inevitably replaced by other algas many orders of magnitude

The forms that would take over would be smaller,

much greater in number, faster growing, reduce lake clarity considerabls,

be prone to periodic blooms that can result in; very noxtious odors,
fish kills, a deoxygenation of the deeper portion of the lake, etc..
If you would like the problem studied in more detalé your lake

asgsociation could support such research. In this regard you might

~want to contact Dr. R.T. Oglesby.

endC,

I hope this can be of some help to you.

Sincerely

<72
Frank A, Vertucci




» ECOLOGICAL OBSERVATIONS ON THE PLANKTONIC
CYANOPHYTE GLEOTRICHIA ECHINULATA!
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T. D. Roelofs* and R._T. Ogleshy’ -

Department of Civil Engincering, Univesity of Washington, Scattle 98105

ABSTRACT

Gleotrichia echinulata was planktonic in Green Lake (Seattle, Washington) during
summer, making jts initial appearance between May and early July and disappearing during
September, It apparently spent 8 to 10 months of the year on the bottom where colonies
developed from spores deposited by the preceding year's bloom. The depth of spore
deposition may be importart in determining the success of spore aturation, and solar
radiation may be a primary factor in inducing the annual return of this alga to the plankton.
The maximuin gxb_\\'th rate in 1966 was about ¢.124 colony doublings per day. The vertical
distribution of the colouies was controlled primarily by wind-induced currents. The
colonies had no wcasurable effect on light penctration even at a maximum density of over
, . 400 colonies per Jiter. Lubosatory studies indicuted that G. echinulata can {ix nitrogen,
Only onc herbivore in Green Lake, Lindia cuchromatica, is known to feed on this specics.

INTRODUCTION

Gleotrichia echinulata (. E. Smith) Richt.
is widely distributed in freshwatcr lakes of
the northern hemisphere. In Washington it
has been reported from Lakes Washington
aud Stevens (Edmondson, unpublished)
and Green Lake (Roclofs 1967). Because
of its very large (1-2 mm) and morpho-
logically complex colonies, it is difficult to
quantify and lence is often omitted from
standard plankton eounts or only noted as
present.  The relative importance of this
form may thus have beew underestimated
for some lakes and its presence not cven
reeorded in others.

This colonial species occurs as sheathed
aguregations of filaments (Fig. 1) eack
having a basal heterocyst and several large,
barrellike cells, tapering to long rectan-
gular cells at the apex of the filament.
Akinetes (special resting or reproductive
spores) develop adjacenpto’ the heterocyst
from the first vegetative cell.

1'The Green Lake study was sponsored by Fed.
eral Water Pollution Control Administration Dem-
onstration Project Grant WPD-38-01-(RI) and by
Countruct PH 56-66-33. Phytoplankton identifica-
tions were verified Ly Dr. R. Norris, Department
of Batany, University of Washington.
. ?Present address: Department of Fisheries
and Wildlife, Oregon State University, Corvallis
97331. X

3 Present address; Department of Conservation,
Cornell University, Ithaca, New York 14850,
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DESCRIPTION OF GREEN LAKE

The study was conducted at Green Lake
(Secattle, Washington) which has the fol-
lowing morphoinetsic characteristics:  sur-
face area, 104 ha; shoreline length, 4.7 kin;
average water depth, 3.8 m; maximum
depth, 8.8 m; nonnal water content, 4.12 X
10% m?; shorcline development, 1.30; and
Z:Znx, 043, Four depths (suwiface, 3 m,
4 m, and immediately off the bottom in the
deepest portion) were sampled routinely at
a slation neir the center of the lake. Data
presented in Table 1 were determined by
averaging values from all depths sampled
and are typical of summer values for other
years ay well. Other oceasional determina-
tions indicate that the calcium content is
ahout § mg/liter, magnesium about 3 mg/
liter, and silicon about 2 mg/liter. The
total hardness averages around 32 mg/liter
as CaCO, and total dissolved solids aver-
age about 60 mg/liter.

Green Lake is generally well mixed and
exhibits no permanent thermocline in sum-
mer. Although the lake has frozen over in
the past, there was no ice 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-
son 1960, 1964). Nuisance blooms of the

ECOLOCY OF GLEOTRICHIA ECHINULATA

Fic. 1. Cleotrichia echinulata colony showing thallus of radially arrunged filaments (dark field illu-.
mination, 320X ).

cyanophytes Anabaena circinalis, A. con-
stricta, and G. echinulata occur in late sum-
mer and early autumn. Other genera of
prominent algae in the phytoplankton are
Dictyosphaerium, Odcystis, Staurastrum,
Dinobryon, Eudorina, Melosira, Asterio-
nella, Fragilaria, Pediastrum, and Anacyctis.

LIFE CYCLE OF G. ECHINULATA

Gleotrichia colonies were found in the
phytoplankton during summer months only.
They 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 rate of
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growth of this species in Green Lake. It
was estimated that the population in-
creased at a rate of 0.124 colony doublings
per day between 20 July and 10 August.
Akinctes were first seen in 1966 on 18
July. They seem to be produced when the
colonies reach a certain size (Fritsch 1945).
They swere present in a limited number
of colonics in 1966 before the period of
maximum growth, indicating that spore
production probably was not due to an
unfavorul)le 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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Fic. 8. Gleotrichia echinulata growth curve for
1968 in Green Lake. Colony cvunts were made
on single 200-m! samples from depths of 0, 3, 4,
and 7.3 m.

lated sindividual akinetes. In March 1966,
developing colonies were found on the lake
bottom; : they had a stubbed appcarance
and were yellow-brown to pale green. The
tilaments were short, being composed of
from 4 to 6 cells. Similar deve]oping colo-
nies were found on the bottom in January
1967.

It-thus appears that the colonies at the
end of one season's bloofn deposit spores
which then develop on the bottom over

. D, ROELOFS AND R. T, OCLESBY

winter and that the new colonies enter the
plankton when they heeome sufliciently
buoyant. A vertical series of water swmples
taken on 23 June 1967 contained no Gleo-
trichia. By 3 July, colonics were entering
the plankton (Iig. 3). The atypical verti-
cal distribution on this date, with larger
numbers at greater depths and none at the
surface, may represent this process.
Akinctes in mature colonies have what
appear to be oil droplets inside the cells.
It seems probable that these represent a
food reserve that provides energy for rest-
ing metabolism of the spores. If, at the
onset of summer, food reserves are insuffi-
cient to allow for new colony formation,
then the depth of spore deposition, water
transparency, and the amount of solar radi-
ation available for photosynthesis may be
critical.  Circumstantial evidence support-
ing this is the rarity of G. echinulata in
Lake Washington as compared with Green
Lake; although the waters are chemically
similar, Lake Washington has a steep-sided
basin with only about 17% of its area con-
sisting of waters 10 m or less in depth.
More direct evidence is provided by com-
parison of the chiemical and physical condi-
tions in Green Lake during 1965-19€7 for
the periods when Gleotrichia first mude its
appearance in the plankton. All the param-
eters listed in Table 2 represent averages,
and no marked increases or decreases oc-

TanLe 1. Some physical and chemical characteristics of Green Lake, Seattle, May-September 1966

No. of Range of
Measurement cbservations Avg value values
Temp ("C) ‘ 25 vertical — surface, 14.3-22.5
. profiles 7.6 m, 12.2-19.5
Conductivity (umhos/cm- at gC) 86 86.9 59-116
Secchi disc transparency (m) 24 3.0 1.1-43
Turbidity (mg/liter SiOs) 91 4.4 0-44
Color {color units) 56 17.5 5-70
pi 103 1.1 6.6-9.0
Dissolved oxygen (mg/liter) 106 8.6 0.75-11.0
Dissolved oxygen (% saturation) 99 89.5 8-122
Total alkalinity (mg/liter as CaCOs) 100 32.6 20-50
Nitrate-N (pg/liter) 59 23.0 0-91
Orthophosphate-P {ug/liter) 83 8.6 0-34.3
Total-P {ug/liter) ke 30.7 3.3-75.0
Chlorophyll a (ug/liter) 79 3.89 0.55-23.21
———ey PRSP Y oo vy -
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Fic. 3. Number of Gleotrichia echinulata colonies per liter versns depth in Green Lake, 1967, Sam-

pling dates are given at the top of each figure.

curred immediately before and during the
periods of interest. Nitrate-N, chlorophyll
a, transparency, and temperature all show
rather wide, and apparently uncorrelated,
variations between the 3 years. Phosphate-
P was present at the same concentration
each year at the time of Gleotrichia’s cmer-
gence into the plankton and also during
the entire early summer. Only solar radia-
tion scems to offer an obvx()'\{s»corrdatlon
\vnh the adyent of Gléotrichia in the water

fiass {Table 3). The values for 1-7 June
1965 "and 1-7 May 1966 are much above
seasonal norms for the Seattle area and in
both cases, are considerably greater than
for the preceding wceks. On the other
hand, in 1967, when G. echinulata 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
energy like those characterizing the peri-
ods when the alga became planktonic in
1965 and 1966.

COLONY DEPTI DISTRIBUTION AND
LICHT PENETRATION

Wind mixing of Green Lake is important
in keeping the colonies distributed through-
out the water column, They float at the
surface following periods of little or no
wind. They also collect at the surface of
a water sample shortly after it is taken,
This probably is not due to a change in
colony density or to temperature differ-

TaBLE 2.  Approximate values of chemical and

physical parameters at the times when Gleotrichia

echinulata was first observed in the plankton dur-
ing 1965, 1966, and 1967

Early Jun Early May Enr\y‘;ul
1965 1666 196

NO«N (ug/liter) 30 40 10
POMP (ug/liter) 10 10 10
Chlorophyll a (ug/liter) & 10 3
Secchi dise

transparency (m) 35 2 3.5
Temp (*C) 18 15 22
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Fic. 4. Number of Gleotrichia echinulata colonics per liter versus depth in Green Lake, 1968, Sam-
pling dates are given at the top of each figure and prevailing windspeed and direction, averaged for 4
days before the sample date, are pieseated at the bottom.

ences, since colonies float at the surface of
culture vessels in the laboratory when they
are not shaken, even though the temperu-
ture remains constants Ruttner (1963)
showed the effect of wind mixing on the
vertical distribution of G. echinulata in
Cr. Ploner See; a similar phenomenon was
demonstrated by Roelofs (1967).

Profiles of light penetration were made
throughout summer. Colony density of
Gleotrichia had no observable effect on
light penetration i Green Lake. The ver
cent of surface illuminatidn penetrating to
1 m was the same (about 43%) on 6 July
1986 as it was ou 12 August although the
colony coacentrations were 108 = 23 and
470 = 163.5/liter respectively (95% confi-
dence limits). The deepest Secchi dise

reading of the sumiier (4.3 m) was re-

corded in carly_August when the Cleo-
trichia_ population was at’its_peak. As
Gleotrichia “decreaséd during K‘ugnst, A.

circinalis increased rapidly to a maximum
density, estimated at 160,000 cells/ml, on

4 October. Transparency decreased sharply
with the increase in A. circinalis (Oglesby
1969). A similar pattern was observed in
1967 when blooms of A. constricta and,
subsequently, A. circinalis again replaced
Gleotrichia as the dominant forms of
phytoplankton.

ANNUAL VARIATIONS IN THE NUMBERS
OF CGLEOTRICIIIA COLONIES

A comparison of Figs. 3 and 4 shows that
during 1967 numbers of colonies were con-
sistently lower than in the previous year
with no periods of rapid increase. Data
are not sufficient to show a firm causal
relationship but increased washout rates
and decreased levels of primary nutrients
(Oglesby 1969) were factors possibly con-
tributing to the lower 1967 standing crop
of Gleotrichia.

NITROGEN FIXATION

'Gleotrichia echinulata is probably a ni-
trogen fixer (Zehnder 1963); culture of the

Hoh Lok € Lty
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Tawiw 3. Averages of daily total (direct and dif-

fuse on a hortzontal surface) radlation in g calfem?

measured with an Eppley pychelionicter at the
University of Washington, about 5 km from

Green Lake
1963 1066 1967
April
1-7 300.9 384.2 419.7
8-14 320.9 224.3 308.8
15-22 346.6 357.6 274.8¢
23-30 445.6 347.0 363.1
May
1-7 386.4 548.2 317.2
8-14 541.2 370.1 254.1
15-22 4418 436.8 520.7
2331 413.8 573.1t 439.9
June
1-7 697.2 407.1 463.6
814 429.7 518.7 465.8
15-22 353.9 570.9 536.0
23-30 556.1 469.5 594.0
July
1-7 576.9 523.7% 600.7

* No data 15, 16, and 17 April.
+ No data 28, 29, 30, and 31 May.
368 and 7 July cnly.

species in our laboratory gave further indi-
cations of this ability. The alga grew well
in a Chu No. 10 medium containitng no
nitrogen, colony numbers increasing 15-
fold in one 13-day period. These cultures
were not bacteria-free and also contained
a small filamentous alga (Oscillatoria or
Phormidium); nitrogen fixation by the lat-
ter was ruled out since it was unable to
grow alone in a nitrogen-free medium,
Cultures were kept in an Eberbach water-
bath-shaker at a shaking rate of 30 cpm.
Continuous lighting was provided by two
fluorescent lights (Gro-Lux) suspended 33
cm above the waterbath and providing
1,722-1,938 lux at the surface of the water.
Temperature of the waterbath was not
regulated and varied with that of the room
(20-23C).

The ability to fix nitrogen may be im-
portant to Gleotrichia in Green Lake
since the nitrate-N levels in the lake fall
below detectable limits (phenyldisulfonic
acid method) during some months when
the species is present (Oglesby 1969); am-
monia-N is also undetectable during this
period.

GLEOTRICHIA AS AN FLYIMENT IN
THE FOOD CHAIN

The only Green Lake heibivore seen
feeding on Gleotrichia was the rotifer Lin-
dia euchromatica, a species whose life cycle
is centered around this alga (Edmondson
1933). Although it was at times very abun-
daut on individual colonies, we observed
L. cuchromatica on relatively few occasions
and then only in late summer. The size of
the colonics of Gleotrichia (up to 2-inm
diam) is thought to restrict their use by
copepods and  cladocerans, the primary
Green Lake herbivores.

Colonics were found in rainbow trout
(Salmo gairdneri) stomach samples taken
in August. They were easily recognized,
even in the lower intestines of the fish.
These colonies probably were ingested ac-
cidentally while the fish were [feeding,
since Gleotrichia was abundant in the lake
at this time (200400 colonics per liter).

Use of the colonies by the usual plank-
ton herbivoies is minimal, so this species
may be useful in studying growth kinet-
ics of alual populations in the mnatural
environment,
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