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dynamics are most affected by nutrient levels 
(Schindler 1978). Increased levels of phosphorus 
and nitrogen facilitate an increase in 
phytoplankton, which further supports a larger 
zooplankton population. Increased abundance of 
zooplankton would sustain a larger population of 
planktivorous fish. Both models could be applied 
to the problem of eutrophication, as the two are 
not mutually exclusive. In both scenarios, 
zooplankton play a vital role; they can control the 
abundance and composition of phytoplankton and 
act as primary consumers, transferring energy to 
higher trophic levels.  

Zooplankton, the community of animal 
organisms suspended in the water, are composed 
primarily of Rotifera and Crustacea. Crustacean 
zooplankton are mostly dominated by the 
Copepoda and Cladocera (Wetzel 1983). 

Rotifers are predominantly freshwater 
organisms. Approximately 100 species (25 % of 
all known rotifers) are planktonic. Due to their 
small size, they are not a significant source of 
food for planktivorous fish (Wetzel 1983). 
Rotifers are primarily grazers with only a few 
carnivorous species.  
 Copepods range in size and can be divided 
into three groups based on morphology. Calanoida 
are mostly planktonic and herbivorous grazers. 
Cyclopoida, however, are carnivorous, eating 
rotifers and small crustaceans (Lampert and 
Sommer 1997). The third group, Harpacticoida, is 
almost exclusively littoral and not a significant 
element of the pelagic zooplankton community 
(Wetzel 1983). 
 Cladocerans generally range in size from 0.2 
to 3.0 mm. They are an important element in the 
aquatic food chain as they graze on phytoplankton 
and bacteria, transferring energy and nutrients to 
higher trophic levels. Cladocerans are equipped 
with two large antennae used for swimming, 
thereby regulating their position in the water 
column to avoid predation and maximize growth 
and reproduction (Wetzel 1983). 
 In this comparative study, the zooplankton 
community of Christine Lake, in northern NH, 
will be compared to six other lakes throughout the 
state. Zooplankton community composition, 
densities, body lengths, and position in the water 
column were examined in order to elucidate 

relationships between the zooplankton community 
and the lake’s other trophic levels. Interactions 
between phytoplankton, zooplankton, and 
planktivorous fish are used to construct a model food 
web illustrating which zooplankton regulate the 
phytoplankton community and how they, in turn, are 
regulated by higher trophic levels in Christine Lake.  
 
Methods 
 

Study Sites- Christine Lake was examined as part 
of a seven-lake study completed during the fall of 
2003 by students in the University of New 
Hampshire’s Field Limnology class. Located at 44o 
37.80’ N latitude, 71o 24.19’ W longitude and 361 m 
above sea level in the town of Stark, NH, Christine 
Lake is a relatively remote and pristine lake (Fig. 1). 
The lake’s average depth is 6.9 m and the maximum 
depth is 19.5 m (Table 1). Surrounded mostly by 
mountainous forest, there is little residential impact. 
The few existing homes are located on the western 
shore and a public boat launch is located at the beach 
on the eastern shore. The locations and 
morphometric descriptions of the other six lakes 
studied are outlined in Table 1.  

Field Methods- Many parameters were measured, 
using a variety of equipment and methods. An 
integrated tube (IT) sampler, consisting of a 10 m 
polyethylene tube with a weighted end, was lowered 
to the bottom of the epilimnion. Triplicate samples 
were used for measurements of fluorometry, total 
phosphorus, total nitrogen, total chlorophyll, and 
total dissolved color. Acid neutralizing capacity 
(ANC) was determined according to Lind (1985) 
with 0.002N H2SO4 titrant. Water was also collected 
from up to eight discrete depths with a Haney 
Chamber (Aquatic Research Instruments, Inc.; 
5.27 L sample volume). A multiparameter sonde 
(YSI model 6600M) connected to a data logger (YSI 
model 650) was used to measure temperature, 
dissolved oxygen, pH, chlorophyll a, Oxidation-
Reduction Potential (ORP), turbidity, specific 
conductivity and fluorescence. The sensors for the 
multiparameter probe were calibrated at the lake and 
lowered to the bottom at a rate of approximately 
0.5 m min-1. Data were logged every 3 s or at 
approximately 2.5 cm intervals. Light was measured 
with an underwater quantum sensor (Licor LI-1400) 
at 0.5 m intervals 9 m and corrected against 
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Fig. 1: Topographic map depicting Christine Lake and its watershed. Sampling site is indicated by 
the X. 
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Fig. 15: Zooplankton densities (±1 SE) in five of the lakes 
studied (September, 2003). Lake abbreviations as in Table 
1. 
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Fig. 16: Average body length (±1 SE) of zooplankton in five 
of the lakes studied (September, 2003). Lake abbreviations as 
in Table 1. 

color had noticeably affected the Secchi disk 
depth, the TSI values based upon the Secchi disk 
depth would be much larger than those calculated 
from the epilimnetic chlorophyll (Carlson 1977). 
The similarity between the TSI values based upon 
Secchi disk depth and epilimnetic chlorophyll 
values indicate that Secchi disk depth is a reliable 
indicator of primary production in Christine Lake. 
 In general, the composition of the 
phytoplankton community was also indicative of 
oligotrophy as the dominant alga, Dinobryon, is 
most often found in lakes considered to be 
oligotrophic (Lepistö and Rosenström 1998; 
Leitão and Léglize 2000). Although there were 
low densities of cyanobacteria (Aphanocapsa and 
Gleocapsa) present, this does not necessarily 
indicate nitrogen limitation. These particular 
genera do not possess heterocysts and are not 
known to fix nitrogen. 

 

 
 
Fig. 17: Daphnia dubia found in Christine Lake on 
September 26, 2003. 

The deviation from Dinobryon dominance at 
13 m (Fig. 7) may be explained by sedimentation. 
Dominance shifted from Dinobryon to the diatom 
Melosira, which typically settles out of the water 
column more readily than most phytoplankton and 
collects at or near the sediment. The low 
abundance of Melosira at other depths is not 
surprising since the silica necessary for frustule 
development is absent in most lakes during the 
fall, having been exhausted by diatoms earlier in 
the season (Lampert and Sommer 1997). There 
was also a decreased abundance of Dinobryon at 4 
m with an increase in Gleocapsa (Fig. 7) and an 

increase in the measurements of turbidity (Fig. 4). 
Gleocapsa a small, spherical, colonial alga, could 
account for the increase in turbidity at 4 m. The 
concentration of Gleocapsa at 4 m can be explained 
by the densities of zooplankton at 4 m. At this depth, 
the dominant zooplankton was Bosmina (Fig. 12), 
which would not likely have a high impact on 
Gleocaspa due to its grazing inefficiency (Haney 
1973). 

Small-bodied Bosmina dominated the 
zooplankton community (Fig. 10), with an average 
body length of 0.42 mm. The largest zooplankter, 
Daphnia, was not as abundant, suggesting a high 
level of zooplanktivory by fish. According to Brooks 
and Dodson (1965), the largest zooplankton have a 
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competitive advantage over smaller-bodied 
varieties as they have the ability to ingest the 
larger food particles that are unavailable to the 
smaller zooplankton. However, the larger 
zooplankton are exposed to higher levels of 
predation, as they are more readily visible to 
visually-orienting predators such as fish. 
Zooplanktivorous fish may then limit Daphnia 
density. This can clearly be seen when examining 
the average body length of zooplankton found in 
Townhouse Pond. This lake, unlike Christine 
Lake, has a population of Alewife (Alosa spp.), 
which is a very efficient predator of zooplankton 
(Brooks and Dodson 1965). Bosmina dominated 
the zooplankton population of Townhouse Pond 
(Fig. 15; average body length: 0.24 mm ± 0.01), 
which greatly contributed to the relatively small 
average body size of the overall zooplankton 
community (0.35 mm ± 0.03; Fig. 16). 
Furthermore, the Daphnia present were smaller 
with an average body length of only 0.44 mm 
(± 0.03). Townhouse Pond was dominated by the 
smaller-bodied varieties of zooplankton and the 
typically large-bodied zooplankters, such as 
Daphnia, were much smaller, most likely due to 
the intense predation. 

Body morphology and depth in the water 
column of the Daphnia found in Christine Lake 
provides further evidence for high levels of 
zooplanktivory. All Daphnia possessed elongated 
tail spines (which were not included in body 

length measurements) and a slightly pointed 
“helmet” (Fig. 17). As each of these structures is 
made of transparent chitin, they allow the Daphnia to 
appear smaller than they actually are, reducing 
predation by visual predators without the 
disadvantage of a reduction in body size. Smaller 
Daphnia would be vulnerable to invertebrate 
predation, perhaps by the carnivorous cyclopoid 
copepods. Daphnia may also avoid visual predators 
by positioning themselves at deeper depths during 
the day. The greatest density of Daphnia was at 8 m 
(Fig. 12). While lower light intensity at this depth 
provides some refuge from visually orienting 
predators, the Daphnia are exposed to the colder 
temperatures of the meta- and hypolimnion 
(Dawidowicz and Loose 1992, Loose and 
Dawidowicz 1994). This can also be seen in the 
Cyclopoida population of Townhouse Pond. The 
average body length of the Cyclopoida in 
Townhouse pond was larger than those of Christine 
Lake (0.52 mm ± 0.02 and 0.44 mm ± 0.02, 
respectively; ANOVA p = 0.006) even though the 
average body length of all zooplankton was smaller 
in Townhouse Pond. Many of the large-bodied 
Cyclopoida were probably able to avoid predation by 
residing deeper in the water column (Fig 18). 
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Fig 18: Depth distribution of Cyclopoida in Townhouse 
Pond on September 18, 2003. 

Some Daphnia in Christine Lake, however, were 
exposed to the colder temperatures of the 
hypolimnion at 12 m. Size differences could explain 
the presence of Daphnia at different depths. Perhaps 
Daphnia at 12 m are larger than those at 8 m, driving 
them to deeper depths to avoid predation. 
Unfortunately, actual numbers of Daphnia within 
each discrete sample are too small to provide 

 

 
Fig. 19: Daphnia dubia from Lower Sawyer Pond on
September 11, 2003. 
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accurate averages of body length.  

The pattern of Daphina distribution is in direct 
contrast to the pattern seen in Lower Sawyer 
Pond, which is similar to Christine Lake in 
watershed and trophic status. The water in Lower 
Sawyer Pond, however, is clearer with an average 
SDD of 9.78 m (± 0.19; Fig. 13) and an average 
Kext coefficient of 0.39 (± 0.01) and deeper (Zmax 
= 29.6 m). The Daphnia dubia are similar in size 
(average length: 1.25 mm ± 0.04) and morphology 
as both exhibit slight helmets (Fig. 19). Although 
the water was clearer and the Daphnia were 
relatively large, they were still located close to the 
surface in Lower Sawyer Pond (Fig. 20), 
suggesting that predation pressure from fish is not 
as substantial in Lower Sawyer Pond as in 
Christine Lake. The Daphnia were able to reside 
higher in the water column, in the warmer water 
of the epilimnion, without experiencing 
population loss due to predation. 
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Fig. 21: Average body length (±1 SE) of zooplankton in 
Christine Lake in the spring (June 5, 2003; black bar) and fall 
(September 26, 2003; gray bar). 

Seasonal Comparisons- The average body 
length of Christine Lake zooplankton in the fall is 
in sharp contrast to the larger body length of 
zooplankton measured there in the spring (average 
body length: 0.91 mm ± 0.03; Fig. 21). During 
this time of year, the zooplankton community was 
dominated by Calanoida, a large-bodied copepod 

and, unlike the fall, the density of Bosmina were 
greatly reduced (Fig. 22). This would indicate a 
scenario opposite that of the fall. In the spring, the 
main source of predation may have been 
invertebrate. In this case, large-bodied zooplankton 
have a further advantage, as they are too large to be 
ingested by most invertebrate predators. This 
advantage would allow rapid increases in population 
densities. The change in abundance from Calanoida 
to Bosmina probably stemmed from the hatching of 
young fish, which has been known to have 
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Fig. 20: Vertical distribution of Daphnia in Christine Lake (left; September 26, 2003) and Lower Sawyer Pond (right; September 
11, 2003) accompanied by the temperature profile for each lake. 
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production. The low primary production which 
limits zooplankton densities by lowering the 
carrying capacity of the lake. Zooplankton size, 
however, appears to be limited by the nature of 
zooplanktivory. Average body lengths were larger 
in the spring before the summer fish predation. By 
September 26, 2003, though, following the 
summer fish predation, the average zooplankton 
body length was significantly lower. Probably due 
to both the natural fish population (Brook Trout 
and Smallmouth bass; Robert Fawcett, New 
Hampshire Dept. of Fish and Game (NHDFG), 
pers. comm.) and from increased stocking of 
Brown Trout. In 2002 the NHDFG stocked 2000 
1+ year old fishes into Christine Lake (Robert 
Fawcett, NHDFG, pers. comm.). The morphology 
of Daphnia helmets and their location in the water 
column may be effects of this predation pressure. 
 An increase in phosphorus, though, could 
rapidly change the trophic status of Christine 
Lake. Increased nutrients could alter the nature of 
the entire phytoplankton community, resulting in 
increased algal abundance (Fig. 24). This, in turn, 

would decrease water clarity as 
well as affect the zooplankton and 
fish communities.  
Fortunately, Christine Lake is not 
strongly affected by cultural 
eutrophication at this time. 
Extensive forests in the watershed 
help to alleviate anthropogenic 
nutrient input. Most of the land 
surrounding the lake is protected 
by conservation efforts, leaving 
little room for residential homes 
or farming, typical sources of 
nutrient loading. The result is a 
very clear lake with a shoreline 
dominated by cedars, not cottages, 
providing an idyllic setting for 
water-related recreation. The 
lake’s natural fishery, however, is 
insufficient to draw large amounts 
of anglers to Coos County, NH. 
This is rectified by the DFG’s 
artificial stocking efforts. The 
final product is a lake that can be 
used for all manner of recreational 

 activities. 
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Fig. 23: Food web for Christine Lake based on sampled collected on September 26,
2003. Bold lines represent stronger influences of predation or grazing. 
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