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Lake Habitat Measures 
By Dave Halliwell,  

Maine DEP, Lakes Assessment Section 

     The shallow area around a lake where water 
meets land is called the littoral zone, in direct 
contrast to the deeper, offshore limnetic zone of 
a lake. The relative condition of this watered 
shore land area, in terms of the presence or 
absence of human 
alterations, is a critical 
component of overall 
lake habitat for resident 
fish and associated 
aquatic organisms. In 
the spring 2007  issue of 
New England Lake News, 
we presented an 
introductory article which spoke of natural 
conditions observed in remote lakes with 
minimal human disturbance.  

   The presence of high quality habitat in the 
littoral zone is critical for maintaining lake bio-
integrity and health. Historically, developers 
and lakeshore residents have often modified 
both shoreline and in-lake littoral zones for 
perceived recreational and aesthetic purposes.  
The human tendency to create and maintain 
uncluttered or ‘clean’ manicured lakeshores is 
not necessarily the best way to manage our 
aquatic natural resources.  As we have seen, 
lakes with minimal shoreline development are 
generally characterized by large accumulations 
of large and small woody debris (fallen trees 
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and branches) originating from the lake 
shore (see Photo’s 1 and 2).  This natural 
woody structure serves as a nutrient source 
and provides valuable overhead and in-lake 
habitat cover for a very diverse community 
of resident aquatic organisms, from 
invertebrates (insects, mollusks, crayfish) to 
minnows to trout (see Photo 3).      

     Relationships between the degree of 
development, in terms of shoreline 
disturbance and the number of shoreland 
residences, and the bio-integrity or health of 
the aquatic community have been 
investigated in several recent published and 
unpublished studies and have been reviewed 
and summarized in this article. 

 

          

 

Editors note: this is 
the second in a three-
part series on lake 
shallow water habitat 
issues and research. 
The third article, 
(Spring ‘08) will look 
at the question “Are 
shoreland regulations 
enough?” 

Photo 1: “Coarse” (i.e. large) woody material 
such as fallen trees are an important feature 
along undeveloped lake shorelines. (photo by 
Ryan Burton, Maine DEP) 



 
“Dedicated to enhancing protection and 
management of lakes, reservoirs, and watersheds by 
forging partnerships among citizens, scientists, and 
professionals.” 
     NEC-NALMS provides opportunities for 
addressing lake management issues at the 
watershed level. Our annual conferences, 
hosted in a different New England state each 
year, present timely information in a 
comfortable format. Designed to appeal to 
citizens, scientists and professionals alike, the 
conferences create an atmosphere where lake 
lovers from diverse backgrounds are able to 
meet and learn from each other. 
     This newsletter will be published twice 
yearly, spring and fall. Please feel free to 
submit articles, questions or items for 
discussion to the editorial board. Thank you! 
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New England Chapter of the  
North American  
Lake Management Society 
PO Box 4112 
Concord NH 03301-4112 Two sequential freshwater fish classes will be 

offered in 2008 at Eagle Hill in Steuben on the 
down’eastern Maine coast. 
1. June 9-13: Northeast Freshwater Fish Origins, 

Distribution, Status & Taxonomic ID – 
Instructor Dr. David Halliwell, Maine DEP, 
Augusta, Maine 

2. June 16-20: Freshwater Fish Parasitology – 
Instructor Dr. David Cone, St. Mary’s 
University, Halifax, New Brunswick, 
Canada 

Check out the Humboldt Field Research 
Institute and Eagle Hill Foundation website 
after the New Year for further information: 
http://www.eaglehill.us/index.html 

The Federation of Vermont Lakes and 
Ponds is already hard at work planning the 
2008 NEC-NALMS conference. It will be held 
June 13-14 at the Lake Morey Resort in Fairlee, 
VT. Mark your calendars!  

Vermont Agency of Natural Resources 
Lakes and Ponds Section was pleased to 
launch an upgraded invasive species volunteer 
monitoring program this past summer: 
Vermont Invasive Patrollers, or VIPs. 
Volunteers are trained in invasive species 
identification, including some not currently 
found in Vermont, and in survey techniques. 
VIPs then commit to surveying their lake at 
least twice a summer. Response has been very 
positive. Visit the ANR website to learn more. 

News from the States 

Vermont 

Maine 

Continued on Page 6  
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continued from Page 1 

Aaron Jubar (M.S. 2004, Michigan State 
University) “quantified the effects of 
residential lakeshore development (LSD) on 
littoral fishes and habitat” in southeastern 
Michigan. He found that “extensive alterations 
to north temperate lakes due to LSD and 
associated activities have the potential to 
negatively affect habitat features in the littoral 
zone of lakes.”  He also recognized “the 
vulnerability of littoral fish species to effects of 
habitat loss given their use of near-shore 
habitat for nesting, foraging, and as refuge 
sites. Undeveloped lake sites had significantly 
greater abundance of coarse woody material 
and submersed macrophyte cover compared to 
developed sites. According to Jabar, “littoral 
fish populations, though somewhat variable in 
their response, may also respond to LSD, 
demonstrating the importance of investigating 
the cumulative effects of LSD on lake 
ecosystems.” 

     Kirsten Ness (M.S. 2006, University of 
Maine) has studied “the effects of shoreline 
development on lake littoral and riparian 
habitats” in north-central Maine. Her primary 
objective was “to determine the effects of 
shoreline development on the structural 

complexity of lake littoral and riparian 
habitats.” Both riparian (shore) and littoral 
habitat complexity was simplified (at the site 
scale), with lower densities of trees and 
shrubs, aquatic macrophytes, and coarse 
woody (in-lake) habitat.” She found that 
“shoreline development affected lakes at the 
whole lake and site scales, with the greatest 
effects occurring directly in front of a 
(shoreland) structure. According to Ness, 
“measured detrimental effects of 
development, in terms of coarse woody 
habitat and shoreline vegetation, also 
extended to sites away from structures, 
indicative of whole lake scale effects.” 

      Ongoing lake studies in Vermont are 
being carried out through the efforts of the 
Department of Environmental Conservation 
under the direction of Kellie Merrell, Eric 
Howe, and Susan Warren. A recent 
presentation (New England Association of 
Environmental Biologists, March 2007) 
depicted the “effect of lakeshore development 
on oligotrophic lakes in northeastern 
Vermont. Land use changes included 
historical logging (1880’s) to the prevalence of 
seasonal camps (1920’s), to the transition to 

Photo 2: Fallen trees provide valuable shelter and 
habitat to aquatic organisms.  The minnow trap 
above was used by Maine DEP staff to assess 
minnow populations at Deboullie Ecoreserve. 
(photo by Ryan Burton, Maine DEP) 

Photo 3: Recent research has begun to identify 
the relationships between human development 
along lake shorelines and the impacts on a 
variety of aquatic life such as the minnows 
shown here. (photo by Ryan Burton, Maine DEP) 

Continued on Page 4 
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continued from Page 3 positively correlated with local habitat 
complexity and fish species tolerance shifted 
in response to the cumulative effects of 
shoreline development. In more recent  
Wisconsin studies (2003 and 2004), this group 
found that the “quantity of woody debris, 
emergent and floating vegetation decreased at 
developed sites in lakes with greater 
cumulative lakeshore development.” They 
concluded that “habitat management 
programs, such as shoreland zoning/
permitting, should consider the cumulative 
effects of small habitat modifications in 
addition to local effects.”  Stay tuned for more 
on this latter issue in the spring 2008 edition 
of the NEC-NALMS newsletter. 
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permanent homes (1980’s).  Given that past 
studies in Wisconsin (Jennings and Emmons 
et al. 1999 and 2003) “found significant effects 
of shoreline development on macrophytes, 
woody debris, fishes, birds and frogs” - their 
primary study objective was “to measure the 
affect of shoreland development on (lake) 
littoral systems.”  Similar to the Wisconsin 
and Maine studies, data were collected at 
three scales: lake-level, site-level, and plot-
level and included such measures as: percent 
shoreline development; surface area and 
fetch;  on-shore vegetation, littoral shading; 
coarse, medium and fine woody debris; 
sediment type and embeddedness (how much 
the rocks are sunken in the sediments); leaf 
litter; and species and abundance of aquatic 
plants, fishes, crayfish, mussels, and snails. 

 Conclusions are as follows: (1) Lake-level – 
shoreline development increases with lake 
size and shoreline access for wildlife becomes 
limited; (2) Site-level – switch from tree to 
lawn dominated shoreline with decreased 
shading in littoral zone, leading to higher 
water temperatures (productivity). Decrease 
in woody debris leading to loss of habitat for 
fish, wildlife, and macro-invertebrates; (3)
Plot-level – decreases in fine and medium 
woody debris and deciduous leaf litter, more 
sand/gravel and sediment embeddedness. 
Less organic matter available in benthos 
leading to less food/habitat available for fish, 
wildlife, and macro-invertebrates. Vermont 
DEC plans on expanding this project to 
include studies of mesotrophic and eutrophic 
lakes (2007-08) in association with littoral 
zone fish assemblage surveys. 

     Jennings and others (Wisconsin) originally 
studied the cumulative effects of incremental 
shoreline habitat modification on fish assemblages 
in north temperate lakes, as reported in 1999. 
They found that fish species richness was 
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For a quarter of a century, the Vermont 
Department of Environmental Conservation 
has battled the extremely invasive aquatic 
plant, water chestnut (Trapa natans). Water 
chestnut grows in shallow waters with soft, 
muddy bottoms. Uncontrolled, it creates 
nearly impenetrable mats across wide areas of 
water, which can create a hazard for boaters. 
This noxious plant also severely limits the 
passage of light into the water, a critical 
element of a well-functioning aquatic 
ecosystem, reduces oxygen levels which may 
increase the potential for fish kills, out 
competes native vegetation and is of little 
value to wildfowl. 

Water chestnut has been in Lake 
Champlain since the 1940s and has been the 
subject of numerous containment, 
management, and eradication efforts since the 
late 1950s.   

 To date, management efforts have worked 
to successfully control the spread of water 
chestnut, but have not eradicated it. Many 
waterbodies in neighboring states and Canada 
have infestations of water chestnut. It is 
believed that water fowl coming in from these 
other areas are transporting the seeds, making 
the odds for eradication pretty low. Seeds are 
also spread with strong spring water currents.  

Once an area has been populated with water 
chestnut, seeds may remain dormant for up 
to 10 years before germinating and starting 
new plant populations.    

In southern Lake Champlain, water 
chestnut currently invades a range of 47 
miles, extending from Whitehall, New York 
in the south north to Ferrisburg, Vermont, 
and as of 2005 also is invading from the 
north; it has been found in wetland and river 
areas in Missisquoi Wildlife Refuge. In 
Vermont, mechanical harvesting and hand 
removal have been the main means of water 
chestnut management. Experience has 
shown that these methods can be successful 
at controlling and reducing the infestation if 
infested sites are targeted repeatedly for five 
or more years. Since water chestnut 
overwinters entirely by seeds that may 
remain viable for years, repeated control is 
critical to deplete seeds in the sediment. 

 For more information, contact Leslie 
M a t t h e w s  a t  8 0 2 - 2 4 1 - 3 7 8 9  o r               
Leslie.Matthews@state.vt.us .    

Mechanical harvester in Lake Champlain 

Water chestnut plant– This leafy portion of 
the plant floats on the surface of the water. 

Vermont Battles Water Chestnut 
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New Hampshire 

The summer of 2007 was a busy one in 
New Hampshire. Advisories for toxic 
cyanobacteria (blue-green algae) blooms were 
issued at 12 lakes throughout the state. Lakes 
affected by these advisories were in the towns 
of Amherst, Canterbury, Dover, Henniker, 
Hopkinton, Newton, Northfield, Sandown, 
Stoddard, Weare, and Winchester.  This year 
marks the highest number of advisories 
posted since the process began in 2003. Of 
course, in the past, the advisories were issued 
mostly only at beaches, whereas this year we 
added lake advisories into the mix. Of the 12 
advisories, six were located at a public beach.  
The first advisory was issued on July 12, 2007, 
and the last was issued September 21, 2007.  
So, not only was this the highest number of 
advisories but also the longest season. Other 
beach advisories included 38 for E. coli and 
one for Enterococci (coastal beaches). 

Also this year, we have had numerous 
sightings of freshwater jellyfish and 
bryozoans (see below). It seems to be a good 
year for the growth of each. Freshwater 

jellyfish were observed in at least five lakes 
around New Hampshire. DES keeps track of 
the freshwater jellyfish sightings and has an 
online form for the public to report them. Not 
many people are aware of their existence and 
when freshwater jellyfish are seen for the first 
time, folks are always amazed.  Even those 
who have seen them in past years, though, 
said that this year they saw “more than I have 
ever seen.” Visit the DES website to find 
information about freshwater jellyfish: 
http://www.des.nh.gov/WMB/JellyFish/.  

News from the States—continued from Page 2 

Baboosic Lake, Amherst, NH, August 21, 2007 

What is a Bryozoan? 
A bryozoan is a colonial animal similar to coral, 
except that its structure is a firm gelatinous mass. 
It has an outer layer that protects a digestive 
tract. Bryozoans are filter feeders that eat 
phytoplankton (algae) and detritus (organic 
matter from dead plants and animals). Bryozoans 
are not hazardous to human health and do not 
indicate a pollution problem. Because bryozoans 
are filter feeders they may actually help clean the 
water. You can find more information about 
bryozoans at www.bio.umass.edu/biology/
conn.river/bryozoa.html.  



The NEC-NALMS Leadership Committee 
meets semi-annually. Members are elected to 
two year terms by NEC-NALMS members in 
each state. Its members are: 
 
Connecticut 
George Knoecklein, 860-456-3179 
knoecklein@juno.com 
Chuck Lee, 860-424-3716 
charles.lee@po.state.ct.us 
Maine 
Mike Little, 207-785-2694 
mjlittle@highlandcelt.com 
Dave Halliwell, 207-287-7649 
david.halliwell@maine.gov 
Massachusetts 
Wendy Gendron, Secretary, 978-589-3286 
wgendron@ensr.aecom.com 
James Straub, 617-626-1411 
jim.straub@state.ma.us 
New Hampshire 
Amy Smagula, 603-271-2248 
asmagula@des.state.nh.us 
Alicia Carlson, 603-271-0698 
acarlson@des.state.nh.us 
Rhode Island 
Elizabeth Herron, Acting Chair, 401-874-4552 
emh@uri.edu 
Linda Green, Treasurer, 401-874-2905 
lgreen@uri.edu 
Vermont 
Jackie Sprague, Events ‘08, 802-238-2901 
jackie@sprague.org 
Susan Warren, 802-241-3794 
susan.warren@state.vt.us 
 
Please feel free to contact your state NEC-
NALMS representatives for more information 
or to get involved in New England lake 
management issues. 
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Membership Form 
New England (Chapter) Affiliate of the  

North American Lake Management Society 
 
Name: __________________________________ 

Address: ________________________________ 

_________________________________________ 

City/Town: _____________________________ 

State/Zip code: __________________________ 

Phone: __________________________________ 

Fax: ____________________________________ 

Email: __________________________________ 

Membership Type (check one): 

Individual  ____   Organization ____ 

State Affiliation (circle one): 

CT     RI    MA    VT     NH     ME 

Lake Association (if any): 

_________________________________________ 

Are you a NALMS member?    Yes    No 

(Please note membership in NEC-NALMS 
does not include membership in NALMS.) 

Dues are $10.00 per year for the New England 
Chapter, based on a calendar year. 
Please make checks payable to: NEC-NALMS 
Mail to: 

Linda Green 
NEC-NALMS Treasurer 
105 Kingston Coastal Institute 
Kingston RI  02881 

 
Phone: 401-874-2905 
Email: lgreen@uri.edu 
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Blue-green Algae:  
A Blooming Problem 

We’ve all been hearing and experiencing 
more blue-green algae blooms in recent 
years, sometimes of the toxic variety. Did 
you know it is a worldwide phenomenon 
and is exacerbated by global climate change? 
Warmer waters and increased nutrient runoff 
(from increasingly intense storms) both favor 
blue-greens.  

The NALMS website has several resources to 
help you learn more. NALMS has launched a 
new blue-green algae webpage, http://
w w w . n a l m s . o r g / R e s o u r c e s /
BlueGreenInitiative/Overview.htm, which 
contains much information about the species, 
occurrence and toxicity of these alga. Also at 
the NALMS website, you can see an 
informative slide show presented at the 2007 
NALMS symposium plenary session in 
Orlando Florida. Dr. Hans Paerl of the 
University of North Carolina discussed the 
worldwide distribution, presents research 
regarding factors favoring blue-green algae 
blooms, and provides management 
recommendations. Its worth checking out! 

Look for more on this topic at the 2008 NEC-
NALMS conference June 13-14 in Fairlee, 
Vermont. 

Connecticut hosted the annual New England 
Lakes Conference during June 2007 at their 
State University in Storrs. Thanks to George 
Knoecklein and Chuck Lee for pulling together 
an interesting agenda - attended by 82 lake 
enthusiasts! NALMS President Ken Wagner 
looks forward to New England as host of the 
2009 NALMS symposium in Hartford, CT.  
The 2008 New England lakes conference will 
be hosted by the state of Vermont (Jackie 
Sprague, Events chair) in Fairlee, VT, June 13-
14. I would like to take this opportunity to 
thank NEC-NALMS for their generous support 
in providing travel funds for my attendance at 
NALMS meetings and conferences over the 
past three years. My term ended in November 
at the NALMS Symposium in Orlando, FL. 
Linda Green (University of Rhode Island) is 
the new Region 1 Director for NALMS. Other 
major personnel changes at NALMS include 
both a new President, Dick Osgood 
(Minnesota) and an Executive Director, Susan 
Urbas. Notably, the winter 2008 issue of 
LakeLine is dedicated to Northeastern Lakes, 
while the spring issue will feature “Building 
Partnerships for Improved Fisheries and Lake 
Water Quality” – the theme for the 21st 
Annual Lakes National Conference to be held 
in Chicago (April 29 to May 2, 2008).  

NALMS Report 
Dave Halliwell, outgoing New England 

(Region 1) Director 
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