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The lake In August ,  showing infi l l  b y  rooted vegetat ion.

LAKE RESTORATION/a case study
BY DR. OLIVER DONOVAN

Natural lakes may be  formed by
any number  o f  processes ranging
from glacial action to, unlikely as it
may seem, str ikes o n  t h e  earth's
crust by very large meteors. There
are a  number  o f  examples o f  the
latter a round t h e  wor ld  including
Elgygytgyn ( n o  kidding!) i n  nor th-
eastern Siberia. Not to worry though,
since statistically, such  a  str ike i s
probably only about once in 300,000
years.

No matter how the lake is formed,
it, l ike everything else in our fertile,

constantly ox id iz ing a n d  e r o d i n g
biosphere has a finite lifetime. A lake
in its infancy generally has very clear
water, a  h a r d  bo t t om,  a n d  l o w
nutrient levels. Such a lake is known
as a n  oligotrophic ( " f o o d -poor")
lake. Lakes  " t rap"  many  nutrients
from in f lowing s t reams,  however,
and with t ime, bui ldup o f  nitrogen,
phosphorus, and other nutrients en-
courages the growth of large masses
of aquatic vegetation. Eventually the
lake begins to fill f rom the sides in
with submergent and emergent veg-

etation and from the bottom up with
a rich organic ooze composed o f  a
mixture o f  si l t  and the  remains o f
organisms. T h i s  t y p e  o f  l a k e  i s
known a s  eutrophic ( " food-rich")
because o f  i ts highly ferti le nature
and will in time give way in the proc-
ess o f  eco log ica l  successon t o
freshwater marsh, swamp, and final-
ly, upland habitat.

This natural aging process is com-
mon t o  a l l  l a k e s  a n d  i s  ca l led
eutrophication. Like so many other
processes i n  o u r  biosphere, how-
ever, i t  can be,  and  frequently is,
strongly influenced b y  the activities
of our own species. For example, the
lifetime of a large lake uninfluenced
by human affairs may run into the
tens,  o r  e v e n  h u n d r e d s ,  o f
thousands o f  years. Bu t  given un -
naturally heavy inputs o f  nutrients
from such sources as storm water
and treated sewage discharges, sep-
tic drainage, erosion f rom cleared
land surfaces, cattle lot runoff, and
agricultural and domestic fertilizers,
a l a k e  c a n  b e  "pushed"  i n t o  i t s
eutrophic p h a s e ,  c o m p l e t e  w i t h
nuisance growths o f  rooted plants
and algae, odors, and turbid waters
in t ens  ra ther  than  thousands o f
years. This is "cultural" as opposed
to "natural" eutrophication, a  proc-
ess which the President's Council on
Environmental Qual i ty has  defined
as one of the serious environmental
problems facing the  United States
today.

Can anything be done to reverse
,the situation once a lake is experien-
cing obvious water-quality problems
such a s  heavy p lant  growths and
high bacterial counts? The answer is
a qual i f ied " y e s , "  depending o n ,
among other things, the nature of the
problem, the size of the lake, and the
willingness of the community to fund
restoration efforts.

Since 1976, the  Biology Depart-
ment a t  Jersey Ci ty State College
has been studying problem lakes at
the r e q u e s t  o f  concerned c o m -
munities. Our most recent work was
a biological and physiochemical sur-
vey o f  Lake  Rogerine carr ied o u t
during t h e  summer  o f  1979. E x -
tensive weed growth, turb id water
caused by high algal densities, and
occasionally h igh  bacterial  counts
were (and are) making the little lake
less and less appealing as a recrea-
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tional a n d  aesthetic resource. The
Department managed t o  carry ou t
the study free o f  cost to  the com-
munity by using the lake as a  living
laboratory for its Limnology course
and a s  a  subject  o f  s tudy  f o r  a
number o f  undergraduate students
interested i n  t h e  study o f  aquatic
biology and chemistry.

It's an old axiom in  the study o f
limnology (the study o f  lakes) that
the productivity of a lake reflects its
watershed. S o m e w h a t  s impl i f ied,
this means that i f  the watershed is
forested, and the inflow to the lake
(tributary streams, stormwater run-
off) i s  uninfluenced b y  human ac -
tivities, the lake water will probably
be clear and aesthetically pleasing,
with excellent potential f o r  recrea-
tional activities such as  swimming,
fishing, and boating. If the watershed
is rap id l y  a n d  thoughtlessly d e -
veloped, however,  dest ruct ion o f
vegetation may lead to erosion and
rapid siltation of the lake water. If the
development h a s  taken p lace  o n
steep slopes, del ivery o f  drainage
from poor ly  operating sept ic  sys-
tems can b e  rapid following heavy
rains. Runo f f  f r o m  roadways a n d
other imperv ious  su r f ace  ( roo fs ,
parking lots) is often routed directly
into the lake with no treatment what-
soever.

Since these various drainages and
runoffs a re  contaminated wi th si l t,
high bacter ia l  levels f r o m  human
and an ima l  waste,  a n d  essent ial
plant nu t r i en t s  (espec ia l ly  c o m -
pounds o f  n i t r o g e n  a n d  p h o s -
phorus), deterioration of the lake wa-
ter can be rapid and dramatic. Silta-
tion will begin to hasten the filling-in
process and provide a substrate on
which aquatic vegetation can grow.
Whereas in its pristine state the lake
water was clean and clear, nutrient-
induced algal growths wil l  make i t
cloudy a n d  turb id .  H igh  bacterial
counts may make it unsafe for swim-
ming. M o r e  desi rable organisms,
such as salmonid fishes (trout), will
disappear and be replaced by more
pollution-tolerant forms (carp).

In our study of Lake Rogerine we
began b y  simply looking a t  a  U.S.
Coast and  Geodetic survey quad-
rangle map. This revealed high de-
velopment densities combined with
steep s lopes,  ind icat ing t h a t  t h e
principal p r o b l e m  w a s  p r o b a b l y

If problem continues, recreational use will undoubtedly be curtailed.
rapid delivery of septic drainage and
storm water runoff to the lake after
periods of intense precipitation. Bac-
terial a n d  chemical  testing dur ing
the summer of 1979 essentially con-
firmed t h i s  prel iminary judgment.
For e x a m p l e ,  c o l i f o r m  b a c t e r i a
counts i n  t h e  lake  water  sho t  u p
dramatically after heavy storms, in -
dicating ra the r  l a rge  inpu ts  f r o m
septic and road drainage. That silta-
tion was playing an important role in
the aging process o f  the lake was
made evident by observation of silt-
laden runoff during storms. Also, the
shallow, highly silted, flat bed of the
lake, and  conversations with long-
term res idents  w h o  remember  a
much clearer, deeper Lake Roger-
ine, further confirm recent high rates
of sediment deposition.

Our studies on primary producers
(plants) showed, that the entire vol-
ume o f  t h e  l a k e  w a s  becoming
choked by  vascular plants such as
pondweed, and that algal densities
in t h e  w a t e r  c o l u m n  w e r e  h i g h
enough to constitute an almost sum-
mer-long algal "bloom." Also, on a
n u m b e r  o f  o c c a s i o n s  t h e
phytoplankton (suspended m i c r o -
scopic plants, usually algae) o f  the
lake was dominated b y  blue-green
algae a n d / o r  d inof lagel la tes,  a
further indicat ion o f  deteriorat ing
w a t e r  q u a l i t y .  A t  t i m e s
phytoplankton b looms were so  i n -
tense t ha t  a  green f loat ing s c u m
washing up  on the leeward side of
the lake. Needless to say, one does
not have to be an aquatic ecologist
to observe these conditions. They
were t h e  pr imary  reason tha t  the
Lake Roger ine C i v i c  Associat ion,
chaired by George Tett and Ed Tis-

The lake still has a productive recreational
fishery—yellow perch, bullhead, calico
bass, bluegill, pumpkinseeds.

chner, had requested the College to
do the study in the first place.

In November 1979 the Biology De-
partment presented the results of its
lake study to Civic Association in a
technical d o c u m e n t  ent i t led ,  " A
Study of Biological, Physiochemical,
and Hydrologic Factors Influencing
Eutrophication i n  L a k e  Rogerine."
Although t h e  repor t  included sec -
tions on geomorphology, hydrology,
water qual i ty,  f in f ish,  inver tebrate
populations, plankton, and  macro-
phytes, we also emphasized techni-
ques b y  w h i c h  t h e  p rocess  o f

Continued on page 22
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Continued from page 21

LAKE
RESTORATION
eutrophication m i g h t  b e  arrested
and the lake restored to its former
high quality. Our  recommendations
were as follows:

(1) Alter drainage patterns. Un-
controlled road drainage delivers a
considerable load of sediment to the
little lake. This hastens the filling-in
process, p rov ides  addit ional s u b -
strate f o r  p lan t  growth,  a n d  i s  a
source o f  nutr ients f o r  unwanted
plants. I t  w a s  recommended t h a t
storm water be intercepted via either
ditches o r  d r a i n s  a n d  p a s s e d
through settling basins before being
allowed to enter the lake. As long as
the b a s i n s  a r e  i nspec ted  a n d
cleaned periodically they will remain
highly eff icient i n  t h e  removal  o f
sediment and organic nutrient-bear-
ing solids.

(2) Alter the lake's outlet struc-
ture to allow periodic drainage for
purposes o f  freezing a n d  c o n -
solidation of lake bed sediments.
Wintertime drawdown i s  a  proven
method of improving water quality in
shallow lakes. Freezing destroys the
root structure of  aquatic vegetation
and thus enhances recreational use
and aesthetic value during the fol-
lowing season. Also, consolidation of
the bottom sediments by  compac-
tion and drying reduces nutrient ex-
change between sediments and wa-
ter after the lake is refilled.

Not the least advantage of winter-
time drawdown i s  t he  fac t  that  i t
allows entry onto the lake bed fo r
mechanical removal o f  dead vege-
tation and trash, and for  deepening
projects. Lake Rogerine's relatively
high level over mean sea level as-
sures hard freezing of  the exposed
bed for significant periods in Janu-
ary/February.

(3) Remove biomass.  Aquatic
plants and  f i sh  contain significant
amounts o f  n i t rogen a n d  p h o s -
phorus incorporated into their tissue
as protein and other organic com-
pounds. A f te r  the  p lant  o r  animal
dies, t h e  ac t ion  o f  decomposers
(bacteria, f u n g i )  r e l eases  t h e s e
critical nut r ients  t o  suppo r t  n e w
plant growth. For Lake Rogerine, the
Biology Department recommended
that masses o f  vegetation b e  r e -

Students testing and recording data in field and laboratory.

moved mechanically during winter-
time drawdown and that  nongame
fish n o t  b e  returned t o  t h e  lake.
These actions could remove a signif-
icant mass of tissue-bound nutrients
from the lake ecosystem.

(4) Institute s o u n d  l a n d  u s e
practices. W e  recommended tha t
the Lake Rogerine Civic Association
encourage land-use practices which
would decrease the annual mass of
nutrients enter ing t h e  lake.  M o r e
specifically, new septic systems on
steep slopes should be discouraged.
Grassy s w a l e s  s h o u l d  b e  e n -
couraged a n d  maintained a round
the perimeter of the lake, for  these
have been shown to be very effective
in reducing the nutrient content o f
runoff water before it enters a lake.
Also, l a w n  ferti l ization shou ld  b e
kept t o  the minimum necessary to
maintain the  grass in  good condi-
tion.

(5) Use  herbicides only If neces-
sary. If, even after implementation of
the above measures, sufficient levels
of nutrients to cause occasional algal
blooms still enter the lake, then safe,
carefully calculated dosages o f  a
registered herbicide might  b e  ap -
plied t o  cont ro l  t h e  b looms.  A l -
though this is a highly effective tech-
nique, herb ic ides shou ld  n o t  b e
used carelessly. A  f i rm  registered
with New Jersey's Department of En-
vironmental Protect ion shou ld  b e
contracted wi th f o r  the  actual a p -
plication. A t  Lake Rogerine, given
the small lake volume, costs should
be minimal.

So, even though i t  can truly b e
said tha t  cultural eutrophication o f
lakes is one of the serious environ-
mental problems facing New Jersey
(and the nation) today, the problem
on any  given lake can a t  least be
arrested. Many lakes, depending on

a number of factors such as the size
of the lake and the cohesiveness and
will o f  the surrounding community,
can be completely restored.

Funding, of course, is also impor-
tant. For example, if our goal at Lake
Rogerine was complete restoration,
it wou ld  have  been  necessary t o
dredge t h e  bo t tom sediments t o
some extent. The lake however, is a
private one, and the Civic Associa-
tion did not feel that it could bear the
costs o f  dredging operations. Con-
sequently, o u r  recommendat ions
were tailored t o  achieve maximum
results a t  m in imum expense. I n -
deed, the whole program could the-
oretically be carried out  by the As-
socition, given the  availability o f  a
certain a m o u n t  o f  technical  e x -
pertise, time, and strong backs.

If your favorite lake is having prob-
lems, and i f  i t  is a public lake, or if
significant public access exists, then
it is  eligible fo r  funding under  the •
Federal Lakes Restoration Program.
The Biology Department here at Jer-
sey City State Oollege, for example,
is currently involved i n  a  study o f
Braddock L a k e  i n  No r th  Hudson
County Park as a  public serivce to
the H u d s o n  Coun ty  P a r k s  C o m -
mission. T h e  Commission wi l l  use
the data generated by  the study to
apply for a Lakes Restoration Grant.

Further i n fo rma t ion  r e g a r d i n g
lake restorat ion c a n  b e  obtained
through the Lakes Management Pro-
gram of New Jersey's Department of
Environmental Protection. T h e  au-
thors are also willing to provide gui-
dance.

Write t o  D r .  O l i v e r  Donovan,
Biology Dept., Jersey City State Col-
lege, Jersey City, N.J. 07305.

Clean lakes, after all, are one of
our state's most valuable natural re-
souces. ❑
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