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INTRODUCTION

Water quality monitoring along White Creek, Cripple Creek, Hayden Creek,
Shadow Brook, and a stream that runs off Mount Wellington continued in the summer of
2008. These 5 tributaries make up the northern watershed of Otsego Lake, of which 44
percent of that land is used for agricultural purposes (Harman et. a 1997). Nutrient
loading, particularly of phosphorus, poses the greatest threat to the health of Otsego Lake
(Harman et. a 1997). Dueto the large amount of agricultural land use thereis high
potential for excess nutrients to be transported into Otsego Lake by these streams. This
has become a major focus of the plan for the management of the Otsego L ake watershed,
put forth by the Otsego county water quality coordinating committee (Anonymous 2007).

Otsego Lake is commonly classified as a mesotrophic lake, though includes flora
and fauna commonly associated with oligotrophic lakes (lannuzzi 1991). Inthe 1990’s,
monitoring of trophic indicators in Otsego Lake suggested an increase in the rate of
eutrophy (Harman et. al. 1997, Albright 2000). However, in recent years, water quality
indicators have shown improvements. The Areal Hympolimnetic Oxygen Demand
(AHOD) has decreased to the lowest in twenty years. Also chlorophyll a concentrations
have declined since the 1990’ s and have remained relatively low in the last few years
(Albright 2007). Despite improvements some trophic indicators still suggest eutrophy.
Last years AHOD rate of .083 mg/cm?/day is over the lower limit of eutrophy according
to Hutchinson (1957), and Secchi transparencies in recent years have been some of the
lowest ever recorded (Albright 2007)

Eutrophic waters are characterized by accelerated primary production as aresult
of increased nutrient concentrations (Wetzel 2001). With greater productivity, excess
organic matter will decompose at greater rates and deplete deep water oxygen. This
degrades water quality, negatively effects biotic diversity, aesthetic appeal and may alter
the color, taste and odor of the water. As the source of drinking water for the village of
Cooperstown, eutrophication in Otsego Lake is a serious concern to Cooperstown
residents. Elevated nutrient concentrationsin Otsego Lake are thought to be the result of
agricultura runoff (Harman et. al 1997) lake front septic systems (Meehan 2004) and
residential land use (Albright 2005).

In an effort to reduce nutrient loading and subsequent eutrophication in bodies of
water near land used for agriculture, the USDA’s National Resource Conservation
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Service (NRCS) has developed a series of agricultural programs. These programs, called
Best Management Practices (BMPs), are designed to reduce negative effects of
agriculture on water quality. BMPs were implemented as a result of the 1996 Farm Bill
that was introduced by the USDA Environmental Quality Incentive Program (EQIP).
BMPs focus on various agricultural aspects such as livestock management, waste
management and storage, pest control, riparian vegetation and soil erosion (NRCS 2006).
Currently there are 22 BMPs, funded through the EQIP, in the northern watershed of
Otsego Lake. Initially chosen for their proximity to areas of high nutrient imput, 23 sites
in the northern watershed are now monitored as part of an ongoing yearly assessment.
These sites are sampled to evaluate the long term changes in nutrient content,
temperature, dissolved oxygen, pH and specific conductivity as aresult of BMPs.

It isworth noting that in 1986 alewife (Alosa pseudoharengus) wasiillegally
introduced into Otsego Lake. The introduction of alewife into Otsego Lake has resulted
in atrophic cascade that mimics the effects of nutrient loading. Alewives feed
aggressively on zooplankton (Foster and Wigen 1989). Thisallows alga plankton to
grow in greater abundance, and deplete dissolved oxygen at greater rates as it
decomposes. Following the introduction of aewife there was a decrease in Secchi
transparency, an increase in chlorophyll a concentrations (Warner 1999), and an increase
in AHOD (Albright 2001). Recent trap netting studies have shown adeclinein the
population of alewife since 2000 (Stitch 2007). However, hydro acoustic surveys have
shown variable alewife abundance in the last 10 years (Brooking and Cornwell 2007). It
islikely that alewife abundance is afactor in observed water quality changes.

METHODS

Methods were carried out in accordance with data collection from previous years
of this study (Bueche 2007). Water samples were collected weekly at 23 designated sites
along the 5 tributaries in the northern watershed from 20 May to 29 July 2008. These
sites were established in 1995 (Heavey 1996) and expanded in 1996 (Hewett 1997).
Sample locations and current Best Management Practices are indicated by asterisks in
Figure 1.

A Eureka Amphibian Multiprobe was used at each site to monitor temperature,
dissolved oxygen, pH and specific conductivity. Prior to every sampling this probe was
calibrated as per manufacturer’ sinstructions. Water samples were collected at each site
in 125mL acid washed bottle. These samples were processed weekly using a Lachat
QuikChem FIA+ Water Analyzer. Samples were analyzed for total phosphorus using
ascorbic acid following persulfate digestion (Liao and Martin 2001), total nitrogen using
the cadmium reduction method (Pritzlaff 2003) following peroxodisulfate digestion as
described Ebina et. al (1983), ammonia using the phenolate method (Liao 2001), and for
nitrate+nitrite nitrogen using the cadmium reduction method (Pritzlaff 2003).
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Figure 1. Map of five tributaries in northern watershed of Otsego Lake. Sampling sites
are numbered; agricultural BMPs are marked with an asterisk.

Table 1: Physical descriptions and GPS coordinates of sampling sites (modified from
Bueche 2007). Sitesaredisplayed in Figure 1.

White Creek 1: N 42°49.646' W 74° 56.986’
South side of Allen Lake on County Route 26 near outlet to White Creek.

White Creek 2: N 42°48.93 W 74°55.303’
North side of culvert on County Route 27 (Allen Lake Road) wherethereisalargedipin
the road.

White Creek 3: N 42° 48.355' W 74°54.210°
West side of large stone culvert on Route 80.




Table 1 (cont.): Physical descriptions and GPS coordinates of sampling sites (modified
from Bueche 2007). Sitesare displayed in Figure 1.

Cripple Creek 1: N 42°48.919 W 74° 55.666’
Weaver Lake accessed from the north side of Route 20 just past outflow of beaver dam.
water hereis slow moving and there is an abundance of organic matter

Cripple Creek 2: N 42°50.597 W 74°54.933
Y oung Lake accessed from the west side of Hoke Road. The water at this side is shallow;
some distance from shoreis required for sampling.

Cripple Creek 3: N 42° 49.437 W 74°53.991'
North side of culvert on Bartlett Road. The water at thislocation is cold and swift.

Cripple Creek 4: N 42°48.836’ W 74° 54.037
Large culvert on west side of Route 80. The stream widens and slows at this point; thisis
theinlet to Clarke Pond.

Cripple Creek 5: N 42° 48.822' W 74°53.779
Dam just south of Clarke Pond accessed from the Otsego Golf Club road.

Hayden Creek 1: N 42°51.658’ W 74°51.010°
Summit Lake accessed from the east side of Route 80, north of the Route 20 and Route
80 intersection.

Hayden Creek 2: N 42°51.324’ W 74°51.294
North side of culvert on Dominion Road.

Hayden Creek 3: N 42° 50.890’ W 74°51.796'
Culvert on the east side of Route 80 north of the intersection of Route 20 and Route 80.

Hayden Creek 4: N 42°50.258' W 74°52.144’
North side of large culvert at the intersection of Route 20 and Route 80.

Hayden Creek 5: N 42°49.997 W 74° 52.533
Immediately bel ow the Shipman Pond spillway on Route 80.

Hayden Creek 6: N 42° 49.669' W 74°52.760’
East side of the culvert on Route 80 in the village of Springfield Center.

Hayden Creek 7: N 420 49.258' W 74°53.010°
Large culvert on the south side of County Route 53.

Hayden Creek 8: N 42°48.874 W 74° 53.255’
Otsego Golf Club, above the white bridge adjacent to the clubhouse. The water hereis
slow moving and murky.




Table 1 (cont.): Physical descriptions and GPS coordinates of sampling sites (modified
from Bueche 2007). Sitesare displayed in Figure 1.

Shadow Brook 1: N 42°51.831 W 74° 47.731
Small culvert on County Route 30 south of Swamp Road.

Shadow Brook 2: N 42°49.882 W 74° 49.058'
Large culvert on the north side of Route 20, west of County Route 31.

Shadow Brook 3: N 42°48.788 W 74° 49.852
Private driveway (Box 2075) leading to a small wooden bridge on adairy farm.

Shadow Brook 4: N 42°48.333 W 74°50.605’
One lane bridge on Rathburn Road. This siteislocated on an active dairy farm. The
stream bed consists of exposed limestone bedrock.

Shadow Brook 5: N 42°47.436’ W 74° 51.506’
North side of large culvert on Mill Road behind Glimmerglass State Park.

Mount Wellington 1: N 42° 48.864' W 74° 52.594’
Stone bridge on Public Landing Road adjacent to an active dairy farm.

Mount Wellington 2: N 42° 48.875’ W 74°52.987

Small stone bridge is accessible from a private road off Public Landing Road; at the end
of the private road near a white house there is a mowed path which leads to the bridge.
Water here is stagnant and murky.

RESULTS & DISCUSSION

Temperature

Water temperature is avital component of freshwater ecosystems and can be an
indicator of water quality. Some aquatic organisms can only thrive in a specific
temperature range; also colder waters are capable of holding more dissolved oxygen than
warm waters. Riparian vegetation, afocus of some BMPs, provides shade to the stream
and reduces nutrient runoff. In the summer of 2008 mean temperatures ranged from
15.4°C at Cripple Creek 3 to 22.3°C at Hayden Creek 1. Thisis comparable to the
summer of 2007 when mean temperatures ranged from 14.72°C at White Creek 3 to
23.03°C at Hayden Creek 1 (Bueche 2007). All together, mean temperatures among the
23 sites showed less variation than previous summers. All mean temperatures are
displayed in Figure 2
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Figure 2: Mean temperatures for sampling sitesin the five tributaries of the northern
watershed of Otsego Lake, summer 2008. Points on the left side of the graph represent
stream mouths, while points on the right side of the graphs represent headwaters.

Dissolved Oxygen

Dissolved oxygen (DO) is essentia to a healthy system and is often used as an
indicator of water quality. Low amounts of DO can indicate eutrophic or hypoxic
conditions, and can be inversely related to the amount of organic matter in the water. DO
is also necessary to support aquatic life; most warm water organisms can not tolerate
oxygen concentrations below 3 mg/l (Novotny and Olem 1994). Mean DO
concentrations ranged from 6.99 mg/l at Hayden Creek 2 to 10.66 mg/l at Shadow Brook
2. These concentrations are higher than last summer when DO ranged from 4.86mg/| at
Cripple Creek 1, to 10.51 mg/l at Shadow Brook 4 (Bueche 2007). However, because
mean temperatures were similar between the summers of 2007 and 2008 (Bueche 2007),
higher DO in 2008 is perhaps influenced by some factor other than temperature. Mean
DO for each site isdisplayed in Figure 3.
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Figure 3: Mean dissolved oxygen for sampling sites in the five tributaries of the northern
watershed of Otsego Lake, summer 2008. Points on the left side of the graph represent
stream mouths, while points on the right side of the graphs represent headwaters.

Phosphorus

Production in Otsego Lakeis limited primarily by phosphorus (Harman et.al
1997). Excess phosphorus entering the lake can accelerate production, and abundance of
organic matter will increase. Allochthonus phosphorus comes from agricultural runoff
(fertilizers and livestock waste) (Harman et.al 1997), septic seepage (Meehan 2004), and
residential use (Albright 2005). Lowest concentrations of phosphorus were found at
White Creek 3 with amean value of 19 ug/l, while highest concentrations were found at
Cripple Creek 1 with amean value of 89 ug/l. On July 9 2008 phosphorus concentrations
were extremely high at that site with avalue of 382 ug/l. Thissingle outlier was
substantial enough to greatly elevate the mean as well as the standard error. Mean total
phosphorus throughout the years has been variable, though in recent years concentrations
in most sites seem to be declining. Of the mean phosphorus concentrations in 2008, 20 of
the sites were lower than the summer of 2005, 12 sites were lower than the summer of
2006 and 16 of the sites were lower than the summer of 2007. The mean total
phosphorus at each siteis displayed in Figure4. A comparison of the mean phosphorus
concentration at each stream mouth, (1996-2008) is displayed in Figure 5. A comparison
of the mean phosphorus concentrations at each site, (2000-2008) is displayed in Table2.
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Figure 4: Mean total phosphorus for sampling sitesin the five tributaries of the northern
watershed of Otsego Lake, summer 2008. Points on the left side of the graph represent
stream mouths, while points on the right side of the graphs represent headwaters.
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Figure5: A comparison of mean phosphorus concentrations at each stream mouth from
1996-2008



Table2: A comparison of the mean phosphorus concentrations at each site from 2000-
2008.

Comparison of phosphorus concentrations (ug/l), 2000-2008
Site | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008
wC1l 31 34 72 25 33 51 17 66 46
wWC2 28 33 23 26 39 61 33 37 34
wc3 19 24 12 23 26 36 40 38 19
cc1 45 36 112 30 49 49 33 86 89
cc2 48 23 46 124 144 172 37 36 25
CC3 25 24 10 25 39 37 62 40 22
CC4 28 35 19 22 46 55 40 39 34
CC5 42 45 51 28 46 70 37 58 59
HC1 26 25 60 21 43 33 33 48 43
HC2 20 17 14 13 23 34 57 30 27
HC3 25 28 47 26 34 39 50 35 54
HC4 20 23 17 26 29 41 22 38 27
HC5 28 27 27 22 33 43 46 41 37
HC6 24 24 21 33 28 40 40 49 32
HC7 34 26 19 30 44 54 73 40 42
HC8 32 37 54 31 51 120 89 43 71
SB1 52 39 57 21 27 103 54 28 19
SB2 56 43 24 31 45 63 50 17 32
SB3 28 36 46 24 37 40 30 35 30
SB4 48 37 27 27 62 62 22 26 39
SB5 39 54 40 34 63 85 38 45 44
MW1 38 45 36 50 83 51 23 54 33
MW2 | 142 192 99 136 88 214 69 65 38
Nitrogen

Nitrogen, like phosphorus, is an essential nutrient needed for algal production.
Although phosphorus is the limiting nutrient in Otsego Lake, nitrogen can be limitingin
many aquatic systems, and when in excess, contributes to eutrophic conditions (Edwards
1998). Nitrogen can enter an aquatic ecosystem by precipitation, nitrogen fixation, or
surface and groundwater drainage (Wetzel 2001). Similar to phosphorus, excess nitrogen
enters Otsego Lake from agricultural runoff (Harman et. al 1997), and septic seepage
(Meehan, 2004). Total nitrogen isthe sum of nitrate + nitrite, anmonia, and organic
forms of nitrogen. The mean low concentration has increased in the last 3 years. White
Creek 2 has been the site with the lowest amount of total nitrogen since 2006, however
mean concentrations there have increased from .26 mg/l in the summer of 2006 (Snyder
2006), to .34 mg/l in the summer of 2007 (Bueche 2007), to .47 in the summer of 2008.
Despite the increase in total nitrogen, White Creek has had the lowest concentrations of
total nitrogen for the fourth consecutive year (Bueche 2007). Shadow Brook 2 had the
highest amount of total nitrogen in the summer of 2008, with a concentration of 1.47
mg/l. Thisisan increase in concentration since the summer of 2007, although Shadow
Brook 2 was dry for much of the summer of 2007 (Bueche 2007). Hayden Creek 7 had
the highest amount of total nitrogen in the summer of 2006 and the summer of 2007, with
concentrations of 2.63 mg/l and 1.23 mg/I respectively, though decreased in the summer



of 2008 with a concentration of 1.05 mg/l. Mean total nitrogen concentration at each site
isdisplayed in Figure 6.
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Figure 6: Mean total nitrogen for sampling sites in the five tributaries of the northern
watershed of Otsego Lake, summer 2008. Points on the left side of the graph represent
stream mouths, while points on the right side of the graphs represent headwaters

Ammoniais abyproduct of bacterial decomposition, under anoxic conditions, of
organic matter (Wetzel, 2001), as well as the waste product of invertebrate animals
(Hutchinson, 1957). It isextremely soluble, and is present in the summer hypolimnion of
eutrophic lakes (Cole, 1994). Mean ammonia concentrations ranged from below detection
at White Creek 3, Cripple Creek 3 and Shadow Brook 1, to .145mg/l at Cripple Creek 5.
The mean high ammonia concentration was less in the summer of 2008 than in the
summer of 2007 when it was .25 mg/l at Mount Wellington 1 (Bueche 2007). In the
summer of 2006 most sites were below detection, and it was speculated that this was the
result of heavy rainfall (Bueche 2007). The decrease in ammonialevels from 2007 to
2008 could also be the result of frequent rain events throughout the summer of 2008.

The mean ammonia concentration at each siteisdisplayed in Figure 7. Ammonia
concentrations were considered to be 0 mg/l for graphing purposes where concentrations
were observed below detection (<.015 mg/l).
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Figure 7: Mean ammoniafor sampling sitesin the five tributaries of the northern
watershed of Otsego Lake, summer 2008. Ammonia concentrations were considered to
be 0 mg/I for graphing purposes where concentrations were observed below detection
(<.015 mg/l). Points on the left side of the graph represent stream mouths, while points
on the right side of the graphs represent headwaters.

Nitrate is the form of nitrogen that is most biologically available to autotrophic
organisms, and is associated with oxidizing environments (McClain et. al, 1998).
Removal of nitrates from water is difficult because nitrates are soluble, easily leeched,
and highly mobile (Morton, 1976). Mean nitrate + nitrite concentrations ranged from
below detection at Cripple Creek 1 & 2 and at Hayden Creek 1 & 2, to .97 mg/| at
Cripple Creek 3. For 13 of the sites nitrate concentrations were lower than they had been
since 1998. The mean high concentration in the summer of 2008 was aso lower than any
year since 1998. Mean nitrate + nitrite concentrations are displayed in Figure 8. A
comparison of the mean nitrate + nitrite concentration at each stream mouth, (1991,
1998-2008), isdisplayed in Figure 9. A comparison of the mean nitrate + nitrite
concentrations at each site, (1998-2008) is displayed in Table 3. Nitrate + nitrite
concentrations were considered to be 0 mg/l for graphing purposes where concentrations
were observed below detection (<.015 mg/l).
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Figure 8: Mean nitrate + nitrite for sampling sites in the five tributaries of the northern
watershed of Otsego Lake, summer 2008. Nitrate + nitrite concentrations were
considered to be 0 mg/l for graphing purposes where concentrations were observed bel ow
detection (<.015 mg/l). Points on the |eft side of the graph represent stream mouths,
while points on the right side of the graphs represent headwaters.
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Figure9: A comparison of mean nitrate concentrations at each stream mouth from 1991,
1998-2008



Table 3: A comparison of the mean nitrate concentrations at each site from 1998-2008.

Comparison of Mean Nitrate Concentrations (mg/l) 1998-2008

1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
WC1 | 0.10 0.05 0.11 0.25 0.31 0.29 0.15 0.27 0.01 0.22
weC2 | 0.31 0.30 0.12 0.16 0.25 0.24 0.15 0.09 0.04 0.11
WC3 | 0.37 0.41 0.19 0.22 0.33 0.24 0.35 0.31 0.12 0.35
cc1 0.07 0.07 0.06 0.08 0.12 0.18 0.13 0.04 0.00 0.02
cc2 0.04 0.02 0.24 0.04 0.16 0.34 0.22 0.20 0.01 0.00
CC3 154 1.19 0.89 1.63 1.20 1.12 1.06 0.60 0.86 0.88
Ccc4 1.42 0.97 0.92 1.77 1.07 1.37 1.05 0.56 0.88 0.97
CC5 0.99 0.37 0.68 1.41 0.77 0.80 0.77 0.27 0.83 0.39
HC1 0.82 0.29 0.82 0.68 0.64 0.52 0.26 0.02 0.72 0.07
HC2 0.72 0.24 0.71 0.66 0.76 0.52 0.24 0.03 0.84 0.06
HC3 1.35 0.64 0.96 1.62 1.44 1.43 111 0.60 111 0.51
HC4 1.34 0.95 1.17 1.73 1.41 1.27 111 0.66 1.10 0.55
HC5 1.36 0.85 1.19 1.87 1.18 1.34 1.39 0.98 1.64 0.59
HC6 1.45 0.90 1.29 1.87 151 1.27 151 1.38 1.58 0.69
HC7 1.45 0.95 1.33 2.00 1.50 1.46 1.31 1.05 2.52 1.22
HC8 1.63 121 1.48 1.56 2.09 1.62 1.62 131 1.69 0.89
SB1 0.21 0.31 0.66 0.53 0.33 0.34 0.32 0.21 0.25 0.09
SB2 1.86 121 1.45 1.40 1.80 1.33 1.39 1.55 0.61 0.98
SB3 1.56 0.77 1.57 1.37 1.38 1.36 1.19 0.73 0.94 0.57
SB4 1.39 0.87 1.56 1.55 1.43 1.47 1.02 0.73 0.88 0.63
SB5 1.20 0.58 1.27 1.27 111 1.05 1.04 0.47 0.87 0.35
MW1 | 0.91 111 0.78 1.14 231 2.46 1.17 0.67 0.70 0.55
MW2 | 1.47 0.68 1.10 1.06 1.66 2.70 1.58 1.60 1.18 0.83

2008
0.21
0.09
0.24
0.01
0.00
0.97
0.77
0.38
0.01
0.01
0.44
0.46
0.36
0.45
0.57
0.70
0.14
0.95
0.44
0.57
0.39
0.23
0.35

CONCLUSION

Since 1998 over $350,000 has been spent on implementing and maintaining the
22 agricultural best management practices in the northern watershed of Otsego Lake
(Anonymous, 2007). Water quality in the northern watershed has shown improvement in
the summer of 2008. Dissolved oxygen concentrations have increased in the last year.
Total phosphorus levels at the stream mouths have decreased in al 5 streams over the last
3 years. Nitrate concentrations at most sites are lower than any year since 1998, and the
mean high concentration for nitrate is the lowest it has been since 1998. These
improvements may be the result of the best management practices that are in effect,
though currently that is only speculation. Other factors aside from BMPs are likely to
have influence on water quality.
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