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Executive Summary

Two Vermont acid-impaired ponds in the Green Mountain National Forest were sampled in
the summer of 2005 to assess their current biological condition and compare the results to
macroinvertebrate samples collected in the early 1980s. With the implementation of the
Clean Air Act of 1990, large reductions in acid causing pollutants have caused an increase
in the pH and buffering capacity of many Vermont lakes. While this chemical
improvement is well documented in New England, biological recovery has yet to occur in
the macroinvertebrate community. There has been no improvement in the acid sensitive
orders such as crustaceans (crayfish) or molluscans (snails and clams). This is likely due to
on-going declines of base cations; most notably, calcium and magnesium, and an increase
in inorganic monomeric aluminum, which is toxic to biota. The greatest impact on the
biological composition of the two ponds was the presence or absence of fish. The structure
of the aquatic community on the fishless pond was dominated by insects such as beetles
and true bugs. On Branch, these insects were kept in check by fish predation and had a less
diverse overall macroinvertebrate community.

Introduction

Researchers in the U.S., Canada and Europe have been documenting improvements in the
chemical condition of acid sensitive lakes since the late 1990s. This chemical improvement
has been predicted as a precursor to improvements in the biological condition. However, no
long-term monitoring programs exist to detect these changes and biological data
demonstrating improvement on acid lakes is sparse. Researchers have recommended
assessments of biological recovery on acid lakes (Driscoll et al. 2001).

Objectives

The objectives of the 2005 acid lake biomonitoring sampling effort were to:
Characterize and compare the current macroinvertebrate community on two acid
lakes

o Branch Pond, a



oligotrophic (<15 Pt-Co, 1-2 mg/L DOC) and shallow (1 m) fishless pond . Both ponds are
in undisturbed watersheds in the southern reaches of the Green Mountain National Forest.

Figures 1-4 provide photos of the two ponds in the summer of 2006.

Figures 1 and 2. Branch Pond: boat access in south bay looking west and north.

Figures 3 and 4. Little Pond: southwest shore and substrate in south bay.

Water Chemistry
Since monitoring began in the early 1980s, pH and alkalinity have increase5(a)sO Ocv9ET1 385.63 235.35(a)




Table 1. Mean water chemistry values of Branch and Little Ponds.

Mean pH Mean Alkalinity Mean Ca Mean Mg Sulfate

Lake (mg/L CaCQO:s) (mg/L) (mg/L) (mg/L)
1981- | 2003- | 1981- 2003- 1981- | 2003- | 1981- | 2003- | 1981- | 2003-
1983* | 2005 | 1983* 2005 1983* | 2005 1983* | 2005 1983* | 2005
Branch 464 491 |-0.77 |-019 |093 |059 |035 |0.21 |577 |2.68
Little 516 523 -009 003 127 082 030 020 581 360




Figure 6. Little Pond pH, alkalinity and base cations.
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Methods

The initial macroinvertebrate surveys of Vermont acid sensitive lakes took place from
1981-1983. A qualitative search in the littoral zone was performed for at least 1 hour, at
least three times per year in all available habitats. Dredge samples were collected from the
sublittoral during the winter at 2 locations on the pond with 3 samples collected from each
location. Discrete samples were collected and processed from each habitat. However, the
amount of time spent



Each sublittoral sample represents a composite of three Ekman dredges. As a result, the
dredge samples can be viewed quantitatively, while the kick net samples are only semi-
quantitative. The 1998 analysis demonstrated that the profundal data was not
discriminatory from a lake classification basis; instead, it indicated the presence or absence
of oxygen in the deep water. Refer to Table 2 for a summary of the sampling methodology.

Table 2. Summary of sampling methods on Vermont acid lakes.



Results and Discussion

Acidification can affect the macroinvertebrate community in a variety of ways. Richness,

density, diversity and community structure tend to be reduced. The EPA document entitled

Indicators for Monitoring Biological Integrity of Inland, Freshwater Wetlands A Survey of

North American Technical Literature (1990-2000) describes the impacts well:
“Acidification can alter community structure by (a) being acutely or chronically
damaging to tissues of invertebrates — species that easily lose sodium ions when pH
is reduced tend to be most sensitive (Steinberg and Wright 1992), (b) altering algal
communities and aquatic macrophytes upon which some invertebrates depend for
food and shelter, (c) altering predation on invertebrates by decimating numbers of
other crustaceans, fish, and amphibians, (d) altering the bioavailability of some
other potential stressors, such as heavy metals (Brett 1989, Stokes et al. 1989,
Feldman and Connor 1992, Stephensen et al. 1994). The effects of acidity also
depend on the seasonal life cycles of macroinvertebrates and water temperature
(Pilgrim and Burt 1993). In areas with snow, the greatest acid stress often occurs
during snowmelt. Young larvae were more susceptible than older larvae at that time
(Gorham and Vodopich 1992). Metals and acidity also can interact to alter the
toxicity of either or both (e.g., Havens 1994a).” (USEPA 2001).

The biometrics of relative abundance (density), species richness, and diversity were used to
assess the 2005 results. A complete taxa list for Branch and Little Ponds is presented in
Appendix 1. This list includes all the taxa found from 1981 through 2005.

2005 Relative Abundance (Density)
Relative abundance is the total number of organisms present in a sample. Relative
abundance values for the sublittoral zone we




oligotrophic conditions (Saether 1979) and was found to be the most dominant taxa
in the early 1980s survey (Fiske 1987) as well. Tanytarsus has a wide tolerance to
pH and was present in all habitats on both ponds except the macrophyte and
sublittoral zones of Branch (Table 3).

The rocky littoral and the macrophyte zones were the least abundant. The small
amount of macroinvertebrates found in the macrophyte samples is due to the lack of
diversity in plant structure, species composition and abundance. This zone offers



2005 Species Richness by habitat zone
Species richness is the total number of species found in a sample. It is a basic
measure of species diversity. Given a relative equivalent sampling effort and
processing procedures, richness can be compared between similar habitats types on
lakes.

The rocky littoral zone had the greatest species richness of all the lake habitats on
both ponds. The chironomids were most diverse, with Tanytarsus dominating in



Branch Pond had the greatest diversity in chironomids, caddisflies, dragonflies,
worms and true bugs (Figure 10). Note the absence of leeches and the small
number of beetles.

Figure 9. Little Pond Species Richness. All habitats combined 2005

Figure 10. Branch Pond Species Richness. All habitats combined 2005
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Overall Species Richness
Chironomids had the greatest diversity, with dragonflies having the second most.
Chironomid richness was similar for both ponds with Branch having 26 species and
Little with 28. In the Adirondacks, dragonfly richness of common taxa was greater
in lakes with fish (Strong and Robinson, 2004). On the two Vermont ponds, the
pond without fish (Little) had greater dragonfly diversity (10 species) than Branch,
which has insectivorous fish (7 species).

Leeches, which require a pH of at least 5, are abundant in the littoral zone of Little






Initially, it appears that the total species richness has increased from the early 1980s
to 2005 (Figures 11 and 12). On closer examination, the increased richness is most
likely a result of two factors; greater taxonomic precision in 2005 v

inn



Figure 13. Branch Pond species richness using comparable taxonomic hierarchy
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The littoral zone samples were dominated by dipterans, specifically the chironomid
Tanytarsus which is a collector-filterer. The macrophyte zone was dominated by
predators; true bugs on Branch Pond and to a lesser extent, dragonflies on Little
Pond. At 98.9% composition, the chironomids at Branch Pond’s sublittoral zone
had the highest percent composition of any zone for both lakes. Shredders and






reduction in mollusca richness on Branch Pond may be due the loss of available
calcium. Little Pond’s mollusca population has remained consistent. Pisidium was
found each year it was sampled, from1981 to 2005.

Caddisflies are not generally sensitive to acidification but the communities on
Branch and Little have undergone some changes in species abundance. The
community on Branch increased from two species in 1981 to eight in 2005 while
Little’s caddisfly richness remained unchanged over time. The current community,
such as Psitlostomis, Phryganea and Rhycaphila, tend to tolerate a wide range of
conditions. In addition to lakes, they have been found in vernal pools, springs, and
marshes. They tend to be predaceous or ingest dead and living plant material. The
species Rhyacophila, found in Little in 1983 and at Branch in 2005, is typically
found in flowing waters but is able to survive in the wave zone of lakes. Data from
the Adirondacks and Catskills indicates that it is the most acid tolerant caddisfly
(Bode 2006). The increase in caddisfly and chironomid richness on Branch Pond
was the major difference between samples from the 1980s and 2005.

Water Chemistry
The greatest contrast in the water chemistry between Branch and Little Ponds is the
amount of dissolved organic carbon (DOC) present. DOC mediates the impacts of
the toxic form of aluminum (inorganic monomeric, i.e. IMAL) to biota. As a




Figure 17. NADP p
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Order Genera Species Branch Little

1981 [ 1982 | 1983 | 1993 | 1998 | 2005 | 1981 | 1982 | 1983 | 2005
Tipulidae unid X




Order Genera Species Branch Little



Order Genera Species



Order Genera Species Branch Little
1981 | 1982 | 1983 | 1993 | 1998 | 2005 | 1981 | 1982 | 1983 | 2005
Cordulia sp X
Cordulia shurtleffi X X X
Lestes sp X X X X







Appendix 2

Vermont LTM study lake physical characteristics.

DOC Drainage area Surface area Depth .
Lake Classification (ha) (ha) (m) Elevation (m)
Branch High DOC 101 14 13 802
Little (Woodford) Low DOC 132 6 3 793
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