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C
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A

bstract:
W

ater quality m
onitoring of the seven largest Finger Lakes in central and w

estern N
ew

 York State since 
2005 identified elevated phosphates (greater than 8 ug/L) and suspended sedim

ents (greater than 2 m
g/L) 

in the hypolim
nion of C

ayuga Lake com
pared to the other large lakes in the survey (less than 2 ppb and 2 

m
g/L, respectively).  H

ere, w
e report on the second year of a tw

o year detailed study of C
ayuga Lake that 

investigated the source of these elevated nutrient and sedim
ent concentrations.  Total suspended sedim

ents 
(TSS) and total phosphates (TP) w

ere detected at elevated concentrations a day or tw
o after w

ind and/or 
rainfall events in C

ayuga Lake than other sam
ple dates in the survey.  It strongly suggests that resuspension 

and runoff events are both im
portant to the delivery of organically bound phosphates attached to suspended 

sedim
ents to the hypolim

nion of the lake.  

Surface, m
id-depth (40m

 above the lake floor), and bottom
 w

ater (w
ithin 2 m

 of the lake floor) sam
ples 

w
ere taken at six different sites in the southern half of the lake every tw

o to three w
eeks from

 M
ay through 

O
ctober of 2007 and again in 2008.  The sam

ples w
ere filtered and then analyzed in the lab for total 

phosphorous (TP), soluble reactive phosphate (SR
P), dissolved silica, nitrates, chlorophyll-a, total 

suspended sedim
ent (TSS), and m

ajor ion concentrations follow
ing standard lim

nological techniques.  
Secchi disk depths, plankton tow

s and C
TD

 profiles w
ere also collected at these six sites, and C

TD
 casts 

w
ere collected at tw

o additional sites located just offshore of tw
o m

ajor stream
s (Taughannock and Salm

on 
C

reeks).  O
ur SB

E-25 SeaLogger C
TD

 collects profiles of conductivity (SB
E 4), tem

perature (SB
E 3), 

depth (SB
E 29), pH

 (SB
E 18), dissolved oxygen (SB

E 43), PA
R

 (B
iospherical Q

SP-2300), fluorescence, 
and turbidity (W

ETLabs EC
O

-FL-N
TU

).

TSS concentrations in the hypolim
nion w

ere the highest at all the sites w
hen there w

as both w
ind and rain 

a day or tw
o before sam

pling, and low
est w

hen rainfall and w
ind events w

ere absent before sam
pling.  TP 

also follow
ed this trend probably due to organic m

atter absorbed onto particles that w
ere delivered w

ith the 
w

innow
ed and fluvial sedim

ents.  SR
P, how

ever w
as highest during the m

onth of M
ay and declined 

through the sum
m

er.  W
e suggest that SR

P entered the lake during spring runoff and m
ore im

portantly, 
entered the hypolim

nion from
 the bacterial decom

position of the w
innow

ed and fluvial organic m
aterial.  

The conclusions are consistent w
ith abundant m

acrophyte and terrestrial plant m
atter observed at the lake’s 

surface, and occasionally sam
pled by the bottom

 niskin w
ater sam

pler after w
ind and/or rain events.  In 

sum
m

ary, both internal (resuspension) and external (runoff) processes are critical for the elevated 
suspended sedim

ents and phosphates in the hypolim
nion of C

ayuga Lake.  

A
nalyses and M

ethods:
Sam

pling eight sites every tw
o w
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ctober field seasons 
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 L

aboratory A
nalyses: W

ater w
as analzed in the laboratory and analyzed using standard

 
lim

nological techniques (spectrophotom
eter and ion chrom

atograph): 
 

Total Phosphate (TP, as P), after digestion in w
arm

 (100
oC

) persulfate
  W

ater w
as filtered at 0.45 μm

 for dissolved nutrient and m
ajor ion analyses

 
Soluble R

eactive Phosphate (SR
P, as P) of filtrate 

 
N

itrate (N
O

3 -, as N
) and Silica (SR

Si, as Si) of filtrate 
 

C
hlorophyll-a, the filtered m

aterial w
as dissolved in acetone for chlorophyll determ

ination
 

Total Suspended Sedim
ents (TSS), using pre-w

eighed 0.45 μm
 glass fiber filters 

 
M

ajor Ion (N
a
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+, C

a
2+, M

g
2+, C
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4 2-) C

oncentrations

B
ackground:

C
ayuga Lake bottom

 w
aters have m

uch m
ore dissolved 

phosphates (SR
P) and suspended sedim

ents than any other 
m

ajor Finger Lakes (plots below
).  The bottom

 w
ater 

phosphates could stim
ulate algal grow

th and degrade 
w

ater quality if brought into the photic zone (surface 
w

ater).  Transport processes include: C
ornell U

niversity’s 
lake source cooling and/or Seiche activity.  This study 
investigated their distribution and potential sources.

C
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R
esults:

Turbidity:
 The largest benthic nepheloid layers w

ere detected at Sites 2, B
 and D

, through out the 2007 
and 2008 field seasons. These three sites are the deepest sites in the southern basin.
 N

ear surface turbid intervals are consistent w
ith algal fluorescence and chlorophyll-a data.

 O
n a few

 occasions, turbid plum
es w

ere detected offshore of Taughannock and Salm
on 

C
reeks, Sites A

 &
 C

.  W
hen they w

ere detected, a substantial precipitation event had occurred 
w

ithin the previous tw
o days.

 Total suspended solid (TSS) concentrations w
ere larger in the bottom

 w
aters of Sites 2, B

 and 
D

 than the other bottom
 w

ater and surface w
ater locations.  These three sites are the deepest 

sites in the southern basin.    O
ccasionally, the bottom

 w
ater sam

pler recovered terrestrial 
plant m

atter, e.g., leaves, and nearshore aquatic vegetation.
 B

oth C
TD

 Turbidity and TSS bottom
 w

ater concentrations w
ere larger in 2008 than 2007.

Phosphate:
 Soluble reactive phosphate (SR

P) concentrations increased w
ith w

ater depth.  
 Total phosphate (TP) concentrations increased w

ith w
ater depth although increase is not as 

pronounced as the SR
P data. Site G

 is an exception being the  shallow
est w

here the sam
e 

concentration w
as observed at all depths.  

  Total phosphate and total suspended solids, and soluble reactive phosphate and total 
suspended solids do not correlate, as the r 2 values are very close to 0.

O
ther D

ata:
 C

hlorophyll-a concentrations w
ere 5 tim

es larger in the surface w
aters than the bottom

 w
aters 

and slightly larger in 2008 than 2007.  Site G
, the shallow

est site, had larger concentration in 
surface and m

id-depth sam
ples, both sam

ple depths w
ithin the epilim

nion at this site, than the 
hypolim

netic, bottom
 w

ater sam
ple.

 Secchi disk depths decreased from
 north to south, a trend consistent w

ith increasing surface 
w

ater chlorophyll concentrations, and w
ater quality degredation at the southern end of the 

lake.

D
iscussion:

Suspended Sedim
ents at lake floor are probably related to resuspension events by w

ind, runoff 
events, and less im

portantly, settling algae.

 Fluvial Source:
 The  m

ajor sources of phosphates to the southern end of the lake w
ere previously estim

ated 
to include: 
-- Spring runoff from

 the tributaries, especially Fall C
reek and C

ayuga Inlet (~50%
) 

-- Ithaca’s W
astew

ater Treatm
ent Fac ilities (~45%

) 
-- C

ornell’s Lake Source C
ooling Project (3%

)
 Taughannock and Salm

on C
reeks are probably im

portant contributors as w
ell. O

ur data 
occasionally detected turbid plum

es interpreted as runoff events but did not record the 
spring snow

 m
elt as w

e started too late in the spring.  A
erial photographs how

ever depict 
significant turbid plum

es in M
ay (see below

). R
ainfall w

as m
inim

al in 2007 and 2008.  
 W

hen it rained, larger nepheloid turbidities in 2007 and 2008 w
ere detected during or just 

after m
ajor precipitation events than the other survey dates.  

 R
ecycling of phosphate by the bacteria is also a m

ajor source, w
hich suggests that high 

phosphorus loading in the lake is an ongoing problem
.

 W
ind R

esuspension Source:
 Large nepheloid layer turbidities in 2007 and 2008 w

ere detected during or after the 
w

indiest days of the collection of the sam
ple, either in consort or isolated from

 large 
turbidities after m

ajor precipitation events. This suggests that northerly w
ind and the 

associated resuspension of shallow
 w

ater sedim
ents are m

ajor contributors to the suspended 
sedim

ents in the nepheloid layer.

 A
lgal Source:
 The nepheloid layer w

as largest in the deeper southern part of the lake, little or no 
nepheloid layers w

ere detected at the northern site (Site 1), nor at the shallow
er sites in the 

south (Site A
, C

, E &
 G

). This distribution pattern suggests that algae is a less vital source 
for the m

aterial in the nepheloid layer.

 O
ther O

bservations and Future:
 M

ost im
portantly, there is no correlation betw

een the am
ount of phosphate and suspended 

sedim
ents show

ing that all the other factors discussed above are m
ajor contributors of the 

nepheloid layer.
 The inconsistency of the data at Site G

 in relation to other sites is probably due to its 
shallow

 depth com
pared to other sites.

 Phosphates are currently not found w
ithin the suspended sedim

ents, and suggests that 
bacterial recycling is critical to release the phosphates delivered to the deep w

ater sites.  
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Spring R
ains Plum

es:
Plum

es offshore of Taughannock C
reek and the 

southern and of the lake.  Photos by Bill H
etch.
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Site Locations:
Tw

o Sites, A
 &

 C
, offshore 

of Taughannock and 
Salm

on C
reeks.

Six Sites, 1, 2, B
, D

, E &
 

G
, along a southern 

m
id-lake transect

 Land U
se:

Predom
inately forested 

and agricultural land use, 
w

ith som
e urban areas 

dom
inate, w

ith m
ore 

forested landscapes in the 
southern end of the 
w

atershed.

LA
K

E
 S

O
U

R
C

E
 C

O
O

LIN
G

C
ornell U

niversity uses cold (4
oC

) 
hypolim

nion w
ater from

 C
ayuga 

Lake as coolant for sum
m

er 
air-conditioning needs at their 

cam
pus.  The w

arm
er w

aste 
w

ater is discharged into the 
epilim

nion of the lake, along w
ith 

any dissolved nutrients, like 
phoshates, taken from

 the 
hypolim

nion.  

IN
TE

R
N

A
L S

E
IC

H
E

 
S

trong w
inds blow

ing along 
the long axis of the lake set up 
internal seiche activity, the 
see-saw

 oscillation of the 
therm

ocline.  This allow
s for 

the cold, phosphate rich, 
hypolim

nion to be exposed at 
the surface at the southern 
and northern ends of the lake 
w

hen the therm
iocline tilts 

tow
ards the opposite shore. 
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