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From
Amy Smagula the Editor

This issue of LakeLine is intended to 
serve as a general primer on lakes 
for the many lake and watershed 

residents and 
associations across 
the landscape, who 
help to safeguard the 
integrity of our 
surface waters. We 
hope the range of 
articles provides 
some background on 

lakes, and that it also empowers these 
stewards in their efforts.
 The issue opens with an article from 
Frank Wilhelm about lake formation and 
different kinds of lakes, and the key 
chemical, physical, and biological 
functions that happen in lakes. Frank has 
packed a lot of information into his 
article, including some links where you 
can find additional resources about the 
topics he covers.
 I then include an overview of 
watershed activities that can affect water 
quality, and the impacts that those 
activities can have. I provide a list of 
general lake and watershed protection tips 
that are helpful across many types of 
landscapes, that can help lake and 
watershed stewards in their efforts to 
minimize potential impacts to their lakes 
from the landscape.
 Steve Lundt next provides a great 
article about forming a lake association, 
including some activities that lake 
associations typically coordinate, and how 
to make sure that the association is 
successful for the long-term. Steve’s 
familiarity with the make-up, activities, 
and function of successful lake 
associations comes through in this really 
useful article for anyone looking to form 
or rejuvenate a lake or watershed group.
 Leah Fitchett and V. Reilly Henson 
take the topic of lake associations a step 

further, and provide some guidance on 
how to evaluate a lake association’s 
effectiveness. They provide a thoughtful 
framework for carefully evaluating 
elements of a lake association, and 
provide guidance on how to do this on the 
local level, with the goal of strengthening 
these groups through self-evaluation.
 Many lake associations delve into 
planning and implementation projects for 
some element of lake and watershed 
management, and that often means 
collaborations, partnerships, and bringing 
in professional lake managers. In his 
article, Chris Mikolajczyk provides an 
example of a growing project that he is 
working with in New Jersey to address 
water quality issues across a region of 
many lakes. He covers a lot of elements of 
making such a project come together, 
including public-private interactions, 
working with boards, votes, funding, 
monitoring, and more. 
 Next, Marc Bellaud provides a 
review of in-lake management actions. He 
covers topics from nutrient inactivation to 
algal management, and also addresses 
managing problematic invasive species, 
including invasive aquatic plants and 
animals that plague many lake systems. 
He stresses the importance of proper 
evaluation and implementation, and 
discusses the process involved in making 
these types of projects happen.
 Another very common topic is 
addressed in the final article of the issue, 
and that is lakefront property rentals. 
Many lakefront property owners rent out 
their homes and cottages for days or 
weeks at a time. Questions often come up 
about whether septic systems can handle 
the use, if vacationers are aware of lake-
friendly behavior, and if realtors ask any 
special questions of property owners or 
prospective renters with an eye towards 
protecting the lake. Laura Dlugolecki 

and Lindsay Miller summarize their 
conversations with realtors about some of 
these concerns. 
 Our student corner in this issue is co-
authored by Nell Libera, Jennifer 
Kissinger, and Julia Campbell from 
universities across Canada. They teamed 
up to write an article about their research, 
and contributions from citizen scientists to 
address water quality problems in lake 
systems in Nova Scotia, Canada. 
 If you are not already a member of an 
organized lake group, consider joining a 
local or regional lake or watershed 
association, and helping out with efforts 
to protect your favorite lake. You can also 
consider becoming a member of NALMS, 
in one of our many membership 
categories (www.nalms.org). Being 
involved and active in such groups is a 
great way to learn more about lake and 
watershed protection and management, as 
well as a great outlet for sharing your 
energy, ideas and passion. These groups 
bring people together online and in 
person, and expand the network of 
connections around lakes, near and far.
 This issue of LakeLine will be open 
source, and available on the NALMS 
website for anyone who is interested, so 
please do share this with fellow lake and 
watershed residents. LakeLine is typically 
a member benefit, but NALMS thought 
that the content of this issue was 
important enough to open it up and share 
it with whichever groups and individuals 
wanted to learn more about lakes and lake 
and watershed groups.
 We hope you find this information 
useful!

Amy P. Smagula is a limnologist with the New 
Hampshire Department of Environmental 
Services, where she coordinates the Exotic 
Species Program and special studies of the 
state’s lakes and ponds. c

http://www.nalms.org


Summer 2020  /  NALMS • LAKELINE     5    

From
Perry Thomas the President

Kudos to all the contributing authors 
who generated timely content for this 
issue as summer 2020 brings new 

challenges for 
communities working 
together to manage 
lakes. Given the 
back-to-basics theme, 
I also want to call 
attention to the 
challenge of 
communicating 

scientific concepts to public audiences. 
 Using familiar metaphors is one way 
of introducing complex management 
topics. A good example is the use of 
preventive health metaphors by the St. 
Johns River Water Management District 
(SJRWMD) to justify different approaches 
taken to restore and manage Florida’s 
Lake Apopka. Erich Marzolf, director of 
SJRWMD’s division of water and land 
resources, uses the terms “diet” and 
“exercise” to explain components of lake 
restoration. 
 Specifically, Dr. Marzolf describes 
work in Lake Apopka’s watershed to slow 
nutrient runoff as “diet,” and efforts to 
deplete nutrients already in the lake as 
“exercise.” One component of Lake 
Apopka’s exercise regime is harvesting 
gizzard shad, a native fish that often 
overpopulates eutrophic lakes. These 
bottom feeders disturb the lake’s 
sediments, thereby facilitating release of 
legacy nutrients which feed algae that 
reduce water transparency. The annual 
selective harvest of a million pounds of 
gizzard shad not only removes nutrients 
accumulated in the fish themselves, but 
also reduces internal nutrient recycling 
and improves water clarity essential to 
achieving the goal of recovering native 
submerged aquatic vegetation.

 I note that Florida is not alone in 
using nutrition metaphors to communicate 
lake management concepts. For example, 
the New York State Federation of Lake 
Associations recently published Diet for a 
Small Lake: The Expanded Guide to New 
York State Lake and Watershed 
Management, Second Edition.” This soup-
to-nuts lake management reference is sure 
to be a bestseller among lake communities 
in New York and beyond.
 Here, in the pages that follow, authors 
consider different approaches to providing 
preventive health care for lakes and 
highlight multiple tools available for 
addressing challenges in lake watersheds 
and the lakes they feed. I also recommend 
EPA’s newly released How’s My 
Waterway 2.0 as a good general source of 
information about lake health, including 
comparisons with national assessment 
data. If your organization is just beginning 
to plan actions to reduce nutrient runoff 
from a lake’s watershed, Stroud Water 

Research Center’s Model My Watershed is 
another useful tool. 
 Finally, when it comes to developing 
an integrated diet and exercise plan for 
your lake, consider consulting one of 
NALMS’s subject matter experts. Many 
thanks to all NALMS members and 
partners who continue this work together 
and who find creative ways of 
communicating what the lakes we love 
need. 

Perry Thomas holds a Ph.D. in biology with a 
focus on aquatic ecology. She taught ecology 
and worked as a college administrator until 
2015 when her career path took a turn into state 
government. After working with the Lakes 
Program of the Vermont Watershed 
Management Division, she now collaborates 
with environmental scientists in the Kentucky 
Watershed Management Branch. She feels 
fortunate to collaborate with thoughtful, 
dedicated colleagues – many of whom share 
her passion for paddling. c

UPCOMING IN LAKELINE – FALL 2020 
This issue will include some articles related to the evolution of NALMS and 
lake management over the last 40 years. We would like to include an array of 
personal stories from members of NALMS (both long-time and new) about 
what NALMS means to them. Articles on the evolution of lake management, 
and in particular some articles on how federal Section 314 funding was useful 
in the past, and the gaps it left behind when funding for that program was 
terminated. How did you adapt, or not adapt to that loss of funding on the state 
level? Case studies, data driven information, and/or anecdotal information 
is all useful. Also, it would be nice to have some short articles on how NALMS 
could and should grow and evolve for the next 40 years (what do we do well, 
what do we need to tweak or add).

Articles can be emailed to Amy Smagula, LakeLine Editor at LakeLine@nalms.
org. The deadline for the fall issue is August 31. c
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file:///C:\Users\perry.thomas\Desktop\nysfola.org
file:///C:\Users\perry.thomas\Desktop\nysfola.org
https://mywaterway.epa.gov/
https://mywaterway.epa.gov/
https://wikiwatershed.org/model/
https://www.nalms.org/subject-matter-experts/
mailto:LakeLine%40nalms.org?subject=
mailto:LakeLine%40nalms.org?subject=
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 Limnology –
The Basics

 Frank M. Wilhelm

Lake & Watershed Group Primer

Our LakeLine editor invited me to 
write a readily accessible 
introduction to “limnology” for this 

issue of LakeLine that includes 
“everything” – basically to distill volumes 
of textbooks into an article – a formidable 
task. Reflecting on how to tackle this 
“small” task, I have chosen to focus on 
what I would consider most important to 
know as background if I were a member 
of the public attending a seminar or 
technical presentation regarding some 
aspect concerning my local lake. I will 
start with some basic definitions, then 
move from the formation of lakes to 
physical, chemical, and biological 
processes. Hopefully, you’ll make it to the 
end, and emerge with an appreciation for 
the beauty and complexity that is the 
aquatic realm – something that has 
captivated me since chasing salamanders 
and tadpoles in creeks and quarry ponds 
during my childhood. I consider myself 
fortunate to have lakes and reservoirs as 
my “office” and to be able to work on 
them regularly. However, it comes with 
the burdensome insight that we are rapidly 
approaching a reckoning: an expanding 
human population that needs access to 
clean water and a finite quantity of such 
water available on earth. Thus, it is 
imperative that each of us becomes 
informed and takes appropriate actions to 
protect this life-giving resource. Thanks 
for joining me, let’s get started.

Limnology – is the study of inland water; 
it includes some waters more saline than 
the ocean, ponds, streams, rivers, to lakes 
and reservoirs – large and small. 
Basically, if the aquatic system is inland 
or drains to the ocean, it is encompassed 
in limnology. So, what do limnologists 
study?  There is a myriad of physical, 
chemical, and biological processes that 

occur in our lakes (I’ll primarily focus on 
lakes here) that make them function. 
Considered as a whole, lakes are living 
ecosystems.

Nutrients – includes a wide variety of 
elements necessary to fuel life. In the case 
of freshwater, nitrogen (N) and 
phosphorus (P) are typically the nutrients 
in shortest supply – this is termed a 
limiting nutrient – and hence our 
overwhelming focus on them because 
adding just a little can have large effects 
(Schindler 1971). Realize that N and P are 
only two of a plethora of nutrients. For 
example, silica may limit the growth of 
diatoms (small algae) in some lakes 
seasonally. 

Eutrophication – is the presence of excess 
nutrients that stimulate high plant 
biomass; it comes in two flavors – natural 
and cultural. The former is the typical 
process for all waterbodies as they evolve 
to solid land over geologic time periods. 
As soon as a lake is created, it’s on a 
death march to solid land – stick around 
for 10,000-plus years and you’ll see your 

favorite lake change. Cultural 
eutrophication is the acceleration of this 
process shortening it to tens of years so 
that ecosystem changes become 
noticeable during a human lifetime. It is 
the result of human activities that increase 
the rate of sediment and nutrient transport 
to our aquatic ecosystems.

Trophic state – is a classification system 
devised by limnologists based on the 
productivity (amount of plant growth) in a 
lake. While trophic state is a continuum 
(Figure 1), you will encounter the 
following terms – Oligotrophic (low 
nutrients, low algal biomass, high 
transparency); Eutrophic (high nutrients, 
high algal biomass, low transparency); 
and Mesotrophic (intermediate 
conditions). Trophic state can be assigned 
based on the concentration of nutrients in 
the water column, the amount of plant 
biomass, or the depth to which light 
penetrates (Carlson 1977; Carlson and 
Simpson 1996).

Secchi disk – is a 0.2-m diameter 
weighted disk with opposing white and 

Figure 1. Trophic state boundaries from oligotrophy to eutrophy for total phosphorus, 
chlorophyll a, and Secchi depth based on Carlson 1977, and Carlson and Simpson 
1996.
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black quadrants that limnologists use to 
measure the depth to which light that 
plants use to photosynthesize penetrates 
into a lake. Because light needs to reflect 
off the disk for you to be able to see it, the 
actual depth to which useable light 
penetrates is approximately two times the 
Secchi depth. NALMS is the coordinator 
of the Secchi Dip-in program which 
encourages citizens to measure the Secchi 
depth on their lake during the month of 
July each year and enter the data into an 
online database. You can find more 
information here: https://www.nalms.org/
secchidipin/ and I encourage you to 
participate.

Algae – are small plants that are 
suspended in the water column and for 
which one usually requires a microscope 
to see them properly. When light is 
present, they photosynthesize turning light 
energy into chemical energy in the form 
of sugar. They form the basis of the food 
chain, similar to grass on land.

Macrophytes – are large plants that are 
easily seen with the naked eye, like lily 
pads and cattails. Similar to algae, they 
also photosynthesize, and are usually 
found around the margin of lakes which is 
called the “littoral zone.” The littoral zone 
is defined by the depth to which 
macrophytes grow along the bottom of 
water bodies.

Zooplankton – are small animals that 
typically graze algae and other small bits 
and pieces in the water column. They in 
turn are food for larger organisms such as 
fish. It’s interesting to note that even the 
most voracious fish predators such as pike 
or bass feed on small zooplankton when 
they first start life. Zooplankton density 
changes seasonally, with high densities in 
early to mid-summer, and low densities 
over winter.

Microinvertebrates – are easily seen 
denizens such as dragon-, May-, or 
Damselflies, or amphipods (scuds) or 
shrimp. Beware, some such as giant water 
bugs can deliver a memorable bite and 
regularly capture and consume small fish!

Catchment  – is the land area from which 
water drains into a particular water body. 
It is identified from elevation maps or 
rectified photographs. Catchment size 

changes with scale of interest. For 
example, the catchment of Lake Ontario is 
composed of many small catchments of 
individual lakes, whereas most of us on 
smaller lakes look to the high points 
around our own lake and use those to 
draw in the boundary of the land that 
drains to the lake. Lakes represent the 
drain of the landscape where water 
accumulates. It serves us well to 
remember this, as the health of a lake will 
be reflective of what is happening in its 
catchment. It’s easy to add something to a 
lake but much harder, if not impossible to 
remove it again.

Lake formation
 Lakes can be classified by their basin 
type and the way in which they were 
created. Many lakes result from 
catastrophic geologic events, be it shifts in 
faults, volcanism, or the wandering of 
glaciers (think Great Lakes of North 
America, African Rift Valley lakes, or the 
lakes in the Sierra Nevada Mountains) 
that create divots in the landscape which 
fill with water. For example, consider one 
of my favorite types – kettle lakes – aptly 
named for their near vertical-sided basin 
shapes that are like a kettle. Each is 
formed upon burial of a sizeable chunk of 
ice that broke off from a retreating glacier. 
When the ice melts, it leaves behind a 
kettle-shaped depression. Interestingly, 
quaking bogs often occur atop kettle lakes 
after vegetation from the sides has gown 
inward in a floating mat to entirely cover 
the top of the kettle lake. Other examples 
of lake types include reservoirs created by 
dams – debris, landslides, beavers, and 
humans, and oxbow lakes formed from 
the pinching off of part of a meander river 
during a flood event. How was your 
favorite lake formed?

Water chemistry
 Just as interesting as how a lake’s 
basin is formed, is the geologic setting in 
which it occurs as this predominantly 
controls the water chemistry in the lake. A 
mnemonic I give to my students is that 
“Hard Rock equals Soft Water, and Soft 
Rock equals Hard Water.” Soap or 
shampoo in the shower at the lake cabin 
will quickly reveal your geologic setting. 
A good lather indicates soft water, while a 
poor lather indicates hard water. 
 A geology of “soft” rocks such as 
sedimentary or limestone is readily 

weathered and materials are easily 
transported to a receiving water body; 
calcium and magnesium are chief among 
dissolved elements. In contrast, “hard” 
rocks such as granites and feldspar resist 
weathering and result in little transport of 
materials to lakes. 
 An accurate determination of the 
constituents in the water requires a 
laboratory analysis. A rough generaliza-
tion is that hard water lakes tend to be 
more productive than soft water lakes. 
Another generalization is that certain 
organisms such as those requiring calcium 
for incorporation into body parts like 
shells will not occur in soft water lakes 
because of inadequate underlying base 
chemistry. Hence some lakes are thought 
to be less susceptible to hosting 
populations of the highly invasive zebra 
and quagga mussels (e.g., Karatayev et al. 
2015; Mellina and Rasmussen 1994).  
 Base chemistry is also important in 
determining a lake’s resistance to change 
under assaults of human inputs such as 
acid precipitation – soft water lakes such 
as those in the Adirondack Mountains. are 
highly susceptible (Driscoll and Newton 
1985) compared to hardwater lakes 
elsewhere. It should also be noted that 
depending on the aquatic life present and 
their density, they can seasonally 
influence chemistry as well (e.g., Lehman 
1980). While not readily apparent to us, 
water chemistry varies widely in different 
lakes across the landscape which has 
consequences for what we find in them.

Temperature and lake stratification
 Perhaps one of the most striking 
features in moderately deep to deep lakes 
is the occurrence of temperature 
stratification, where a layer of warm, 
low-density water (termed the epilimnion) 
is atop a layer of cold, high-density water 
(termed the hypolimnion) throughout the 
summer (Figure 2; 3A). This is called 
“direct stratification” and is the result of 
differential heating of the water column. 
It has important consequences for the 
biotic communities in lakes. Because the 
epilimnion is in constant contact with the 
atmosphere gas exchange is good; it also 
contains the algae that produce oxygen 
via photosynthesis, which means that the 
dissolved oxygen saturation in this layer 
is typically near or above 100 percent. 
This is not necessarily the case in the 
hypolimnion. 

https://www.nalms.org/secchidipin/
https://www.nalms.org/secchidipin/
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 In oligotrophic lakes, biotic biomass 
(aquatic life) is low and therefore oxygen 
consumption via respiration is low in the 
hypolimnion (bacteria consuming 
decomposing aquatic life in the bottom of 
the lake), which is cut off from gas 
exchange with the atmosphere during the 
stratified period when the top and bottom 
layer do not mix. Consequently, many 
oligotrophic lakes retain good 
concentrations of dissolved oxygen during 
stratification, allowing communities of 
cold-water fish to exist. 
 In contrast, in eutrophic lakes, there 
tends to be more aquatic life, and thus 
more organic material accumulates at the 
bottom of the lake.  Its decomposition 
plus the respiration of biota in the deep 
water can consume all of the dissolved 
oxygen resulting in anoxia (lacking 
oxygen; Figure 3b). This absence of 
oxygen in the hypolimnion explains why 
eutrophic lakes typically only have fish 
species tolerant of warm water; fish 
requiring cold water are unable to survive 
in the hypolimnion due to the lack of 
dissolved oxygen. This is an excellent 
example of the interconnectedness among 
chemical (heat and oxygen), physical 
(temperature/density), and biological 
(type of fish) phenomena in our lakes.
 The occurrence of low oxygen in the 
bottom waters has further chemical 
consequences that can affect nutrients, 
especially dissolved phosphorus, the 
biotic community (algae), and 
subsequently our ability to use a lake. 
Low or no oxygen in the hypolimnion can 
lead to chemistry changes in the lake 
sediment, that result in changing 
phosphorus from an immobile phase in 
the lake sediments to a phase that 
dissolves into the water column, a process 
known as internal loading of phosphorus. 
 When internal loading occurs, it is 
not uncommon for very high 
concentrations of dissolved phosphorus to 
build up in the hypolimnion (Figure 3C), 
some of which can be transferred to the 
epilimnion by wind and wave action, 
diffusion and/or the movement of 
organisms from deep in the lake to the 
upper water layer. Should this occur, algae 
in the epilimnion receive a phenomenal 
boost of nutrients that stimulates a spurt 
of growth termed a bloom. Because of the 
overabundance of phosphorus, nitrogen 
now becomes the limiting nutrient which 

Figure 2. Temperature zonation for a directly stratified deep lake showing warm less 
dense water in the epilimnion atop the hypolimnion with cold and high-density water at 
the bottom.

provides a competitive advantage to 
cyanobacteria, a group of algae capable of 
fixing their own nitrogen from the 
atmosphere, and also capable of 
producing some of the most potent toxins 
known to humans (Chorus and Bartram 
1999). In such cases the bloom is termed a 
“harmful algal bloom” (HAB), especially 
if toxins are present that results in the 
issuing of no-contact advisories for the 
duration of the bloom. Obviously, such an 
occurrence detracts greatly from the value 
of our aquatic resources at multiple levels. 
 This temperature-chemistry 
relationship again demonstrates the 

interconnectedness of the physical, 
chemical, and biological relationships that 
occur in aquatic ecosystems. As you can 
imagine with such interconnectedness, 
managing lakes is not a trivial task. It also 
demonstrates that we must consider lakes 
holistically before undertaking any actions 
to avoid any unintended consequences.

Further Reading
 While I’ve only touched on some 
common relationships and connections 
that occur in lakes, they should serve to 
illustrate the complexity of what happens 
under the water surface. It’s a fascinating 

Figure 3. Profiles of Temperature (A), Dissolved oxygen (B), and Total phosphorus 
(C) as a function of depth in Willow Creek Reservoir, OR, on September 24, 2018, 
showing anoxia below the thermocline and high internal loading of phosphorus (data 
from Figure 3C courtesy of S. Burnet). 

B CA
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world, and I encourage you to dive in 
deeper to learn more.  A plethora of 
resources exist for your further 
exploration of our aquatic ecosystems.  
 NALMS has a series of easily 
accessible guides, starting with Your Lake 
and You (https://www.nalms.org/product/
your-lake-you-2nd-edition/), and The 
Lake Pocketbook (https://www.nalms.org/
nalms-publications/). More technical 
reference texts include Limnology: Lake 
and River Ecosystems (R.G. Wetzel, 3rd 
ed. Elsevier), Freshwater Ecology (W. 
Dodds and M. Whiles, Elsevier), Textbook 
of Limnology (Cole and Weihe, Waveland 
Press), Limnology (Horne and Goldman 
2nd ed) and Lake and Reservoir 
Restoration (Cooke et al. Elsevier). 
 Great resources are also available on 
the web such as Water on the Web (https://
www.waterontheweb.org/), and the U.S. 
Geologic Survey (https://www.usgs.gov/
special-topic/water-science-school/
science/lakes-and-reservoirs?qt-science_
center_objects=0#qt-science_center_
objects).
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Lake & Watershed Group Primer

Threats from the Watershed
 and Lake Protection Tips

Amy Smagula

In the previous article, Frank Wilhelm 
provides a great overview of lake 
formation, and the interaction of the 

physics, chemistry, and biology within 
lake basins, which is a great basis for 
defining and understanding some of the 
common workings of lakes.
 Another key factor to consider is the 
watershed or catchment of a lake, which is 
the land that surrounds the 
lake, that drains into the lake 
(Figure 1).   It is important to 
remember that this is not just 
the nearshore zone, but land 
that can extend miles beyond 
the shoreline.  For this reason, 
it is important to know the 
boundaries of your watershed 
(this information can be 
obtained from a municipality, 
local university cooperative 
extension, state natural 
resources agency or consultant 
hired to delineate the 
watershed).

Watershed activities and 
water quality
 Any activity in the 
watershed of a lake that 
increases sediment, nutrient, 
bacteria or other type of 
pollutant loading to a 
waterbody can lead to water 
quality problems. These can be 
natural sources of pollutants 
like nutrients and bacteria from 
waterfowl and wild animal 
waste, or from atmospheric 
deposition (blown in with dust 
particles in the wind), or 
breakdown of nutrient or metal 
rich bedrock in the watershed. 
Pollutants can also (and often) 
be the result of human-related 

activities in the landscape. As you walk or 
drive around your lake, here are just some 
of the activities that you might see that 
can affect water quality in your lake:

•	 Construction

•	 Erosion

•	 Mining

•	 Forestry activities

•	 Lawn and garden fertilizing

•	 Outdoor washing (cars, boats, etc.)

•	 Faulty septic systems 

•	 Agriculture (crops/animals)

•	 Gasoline/oil spills

•	 Development (urban, commercial, 
rural)

Figure 1. A map showing Stinson Lake and its watershed boundary (pink line).
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Figures

Figure 1. A map showing Stinson Lake and its watershed boundary (pink line).

•	 Increases in impervious areas (roads, 
parking lots, buildings)

•	 Unmanaged pet waste

•	 Road salting

 In many cases, pollutants like 
nutrients, sediments, and bacteria 
generated from sources above enter a 
waterbody through nonpoint sources of 
pollution – in other words, they can be 
multiple small sources throughout a 
watershed, and they are not derived 
directly from a factory pipe or other direct 
or point source. Non-point sources of 
pollution can be hard to trace and 
pinpoint, and even harder to control if the 
sources are numerous.
 Overland flow of water from rain or 
snow melt will pick up these pollutants 
and carry them over land or downstream, 
where they will eventually find their way 
into a lake or pond.  

Water quality impacts
 The addition of pollutants to a 
waterbody can have a number of impacts 
to the receiving waters of a lake, 
including:

Increases in:

•	 Sediment in the lake, including 
sediment deltas at the lake edge at 
inflowing streams or culverts

•	 Nutrients

•	 Bacteria counts

•	 Metals

•	 Chlorides (salts)

•	 Toxic contaminants

•	 Trash and debris in the lake

•	 Temperature

•	 Suspended sediments (Figure 2)

•	 Algal blooms (Figure 3)

Decreases in:
•	 Lake clarity

•	 Water quality

•	 Aesthetics

•	 Recreational values

•	 Ecological health and habitat

The importance of protecting and 
managing a lake’s watershed is critical to 
protecting and ensuring good water 
quality.  
 

Lake protection tips 
 Balancing watershed and in-lake 
impacts will help protect your lake and 
preserve water quality in the long-term.  
Below are recommendations for lake 
protection (modified from NHDES 2019).  

Figure 3. Cyanobacteria bloom on a lake.

Figure 2. Turbidity in stream caused by upstream disturbance.

•	 Pump out your septic tank every three 
to five years, or when the sludge level 
exceeds one-third of tank capacity.  
Maintain your system regularly and 
properly, it should be designed to 
handle the load it receives. A leach 
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field should be increased in size 
whenever the frequency (seasonal to 
year-round) or volume (additional 
people, washing machines) increases.  
Check your leach field for soft or wet 
areas or septic smells. Replace faulty 
systems.

•	 Do not bathe, shampoo, or wash 
boats, pets, or other objects in the 
lake with soap or phosphorus-
containing detergents. Do not wash 
vehicles near lakes where detergents 
can run into the lake.

•	 Do not use fertilizers on shorefront 
property or near any area that drains 
to waterbody.

•	 Keep land clearing and alteration to a 
minimum. Soil disturbance will 
increase runoff to the lake. Paths to 
the waterfront should be curved to 
minimize erosion.

•	 Divert runoff from rooftops to rain 
gardens or rain barrels, or divert the 
flow to a vegetated area of your 
property.

•	 Do not burn brush or leaves near the 
shore; nutrients remain behind and 
can be washed into the lake with the 
next rain event. Do not dump leaves 
or grass clippings near the shore, they 
too add excess nutrients to the water.

•	 Do not urinate or defecate into the 
lake, and do not allow pets to do the 
same. Farm animals should not be 
kept near the lake, the phosphorus in 
their manure can be washed into the 
lake by rainfall runoff.

•	 Do not feed ducks or other aquatic 
life – there is plenty of natural food 
available for them. Nutrients in the 
feed material will be added to the 
lake through the organism’s feces.  
Also, by discouraging the duck 
population, you reduce the risk of 
inviting swimmer’s itch to your area.

•	 Plant native shrubs or other 
vegetation to reduce shoreline erosion 
and provide a vegetated buffer that 
helps to absorb nutrients before 
entering the lake (again, avoid 
fertilizer use near the lake). 

•	 Use phosphate-free fertilizers or 
low-phosphate, slow-release nitrogen 
fertilizer.

•	 Clean up pet waste. 

•	 Do not use powerful boat motors in 
shallow areas, and do not power-load 
boats when putting them on trailers.  
The nutrient-enriched bottom 
sediments can be churned into the 
overlying water, resulting in 
increased algae growth.  

•	 Avoid removing trees along the 
waterfront, they provide stabilizing 
root systems and shade in the 
nearshore zone of the waterbody.

•	 Reduce road salt use in sensitive 
drainage areas, work with your 
municipality or road agent to 
implement a wise plan for road salt 
use that is protective of public safety, 
but also receiving waters.

•	 Work with your local municipality to 
create protective zoning overlays 
around waterbodies to limit dense 
development and impervious 
surfaces, and protect against runoff 
that could affect the lake.

•	 Promote wise land stewardship, and 
encourage municipalities, cooperative 
extensions, lake and watershed 
groups, and others to disseminate 
educational materials about lake and 
watershed protection.

•	 Be a watchdog for development and 
construction activities that could 
pollute, ensure that silt fencing/hay 
bales or other temporary 
stabilizations structures are in place 
before and during phases of 
construction and land disturbance, 
and until the grounds are vegetated 
and stabilized, to prevent erosion.  
Report any possible violations or 
water quality concerns to your local 
municipality or 
state agency.

•	 Larger 
development 
projects often have 
permitting and 
public hearing 
phases. Formulate 
a letter with your 
concerns and 
questions, and 
send them to the 
review team, or 

attend a public hearing and listen in, 
and speak when discussion blocks are 
opened to the public.

•	 Form a lake and/or watershed 
association to help promote wise 
stewardship activities on the local 
level.

 To find more resources on watershed 
protection, please visit the NALMS 
website at www.nalms.org, and also visit 
the Environmental Protection Agency’s 
Healthy Watershed Protection page at 
https://www.epa.gov/hwp. This page 
includes a number of links to fact sheets 
and publications which contain much 
more information than could be included 
in this short article.
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How to Form a 
Successful Lake Association

Steve Lundt

Lake & Watershed Group Primer

Association: an organization of persons having 
a common interest (Merriam-Webster). 

The basic foundation for a successful 
lake association is to have a diverse 
group of people supporting a 

common interest in managing a lake. To 
have it be successful, the association 
needs to be sustainable and create near 
and long-term changes.
 So how does one go about forming a 
cohesive group with a common lake 
interest that makes a difference? There 
needs to be a reason for an association to 
form in the first place. If there is no need, 
then the association will fail right from 
the start. Find that need or purpose that 
people can get excited about. What is the 
reason people will get involved, spend 
their time and resources, and continue to 
stay involved?

Lake groups
 Every lake is unique and so are lake 
associations. With these differences, lake 
groups can fall into three general types. 
Here are the three types and what 
purposes they might serve.

Watershed group – With more complex 
systems such as reservoirs or urban lakes, 
a watershed group can be more effective 
at overseeing larger projects. Watershed 
groups tend to have more governmental 
agencies involved (local, tribal, state, and 
federal), along with private industries, 
drinking water agencies, and wastewater 
facilities. Governmental compliance and 
non-point source impacts are important 
features for a watershed group.

Homeowner’s association or HOA 
– Many lakes/reservoirs are lined with 
private or partially private, lakefront 
homeowners. These property owners have 
a direct impact and interest in the health 

of the lake. Lake-focused HOAs tend to 
care more about recreation, aesthetics, 
water quality, and the future of the lake. 
The underlying concern or motivation for 
these HOAs can often be property values. 
Enjoyment, protection, and monetary 
value are important elements to a lake 
HOA.

“Friends” group – These groups tend to 
be smaller and grassroots in nature, where 
passionate people have a common interest 
in a lake topic. These lake groups focus 
on education, protection, and working 
with a wide range of others to help protect 
what they enjoy and highly value. 
Mobilizing people and fundraising for 
specific tasks are important for friends 
groups. 

 No matter the type or name, a 
successful lake group forms around a 
common purpose and has sustainable 
behaviors that support a common cause 
(Figure 1A and B). All these lake-focused 
groups tend to have some common themes 
that allow them to be successful.

Key points
 If you are thinking about forming a 
lake association or are currently 
participating in a group, here are a few 
ideas that may help with making it 
successful.

Key individuals and structure – There 
needs to be a key person or two that hold 
the organization together. They spearhead 
the group by being a chairperson, 
president, homeowner, employee, or a 
lake user that makes it their mission to 
make the group successful. These key 
people are the glue that makes the group 
successful.

Critical mass – A successful lake 
association needs to have a solid base of 

supporters and participants. The more, the 
better. It takes time, resources, and money 
to protect and restore a lake. A strong base 
of active supporters and stakeholders 
builds the foundation that supports the 
group.

Inclusiveness and communication 
Since lake groups are focused on a lake, 
whether private or public, they are dealing 
with a public good and a natural resource 
that eventually belongs to everyone. Lake 
associations need to reach out to all 
possible stakeholders in order to build 
membership and to develop a strong 
network. Good communication is the key 
to this inclusiveness. A successful lake 
association must be open-minded, work 
collaboratively, and have a strong 
communication network. 

Diversity – Yes, there should be a 
common lake thread that stitches the 
group together, but the more diverse the 
membership the better the group. A lake 
association should have people that 
understand the political, emotional, social, 
and economic systems involved with the 
lake. You need expertise in working with 
land owners, navigating governmental 
agencies, finding philanthropic 
connections, motivating agencies to work 
with citizens, and influencing regulations 
and state legislation to favor your causes. 
Think beyond just the lake.

Steady funding – Having a steady, 
reliable source of funding is an important 
part of lake groups. Similar to personal 
portfolios, a successful lake association 
needs to have a diverse funding plan 
where money comes from various, 
reliable sources like memberships, grants, 
sales of products, events, and donations.

Paid coordinator – In order to be a 
sustaining organization, it is helpful to 

– 
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Figure 1. A. Marking storm drains near your lake is a great way to educate people 
about watershed issues. Schools often look for community projects like this. 
B. Watershed stakeholder meeting with fun pet waste poop balloon.

have a hired professional that coordinates 
all the efforts. It takes time to organize 
meetings, write and distribute newsletters, 
recruit board members, manage 
memberships, and network with other 
stakeholders and organizations. A 
dedicated coordinator can provide helpful 
daily oversite while keeping the long-term 
vision in mind. A coordinator may be a 
logical choice for a larger lake, with many 
association members, a bigger budget, and 
whose watershed encompasses multiple 
municipalities.

Quality data – It is important to have 
unbiased facts. Monitoring is expensive, 
but it is vital that trustworthy, reliable data 

are collected to support the lake 
association’s activities and overall 
mission. A routine monitoring program 
can show progress, provide information 
for an adaptive management plan, and 
help with public education. Just be sure 
that the data that you are collecting are 
meaningful to understanding the big 
picture of what is going on in the lake and 
watershed. Established state or academic 
volunteer monitoring programs and 
professional laboratories can provide 
guidance and methods for good data 
collection.

Mission and vision statements – It is 
important to have a short, agreeable 

mission and vision statement. Even a 
simple list of attainable goals is helpful. A 
successful lake association needs to have 
a clear understanding of what their 
purpose is, what the goals are, and a 
means of measuring how they achieved 
them in the future.

Important story – What is your hook? 
You need a story with an overall draw that 
will keep your members excited. A 
successful lake association needs to show 
why stakeholders and others need to care 
and participate regularly in the 
organization. In order for people to feel 
like they need to participate, they need a 
strong connection that matters to their 
underlying values. Your story needs to do 
that.

Puppies and kids – People are naturally 
attracted to cute things. If you want to be 
heard, increase your audience, get your 
message out, it never hurts to include 
puppies and kids in your press release, 
website, or newsletter. Local schools and 
classrooms are great resources to get your 
message out (Figure 2).

Have a plan – It is important to have a 
plan and to have it written down. Keep it 
simple. Watershed plans and lake 
protection plans can easily become large, 
distracting, boring documents that are 
never used. Plans are living documents 
that need to be clear, readable, and 
concise. A successful lake association 
needs to have a plan that everyone agrees 
on and uses.

 These are just some of the key 
elements to having a successful lake 
association. Every lake and every lake 
association is different. It takes time and 
understanding of the situation to have a 
successful organization. 

What not to do
 It is also important to know what 
doesn’t work. There are situations where 
you might think you have done everything 
right, but your organization is not 
thriving.

•	 Expensive dues or membership fees 
– People and other stakeholders need 
to feel like they are getting something 
out of their membership. 

•	 Using bad or incorrect data and 
information – Make sure you are 
collecting reliable data and the right 

A

B
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Figure 2. Summertime education on Barr Lake for inner-city high school girls group.  
Reach out to social and community summer youth programs to collaborate with.

data. Keep the future in mind when 
updating a monitoring plan.

•	 Boring regulations – Regulations can 
be a major obstacle for a lake group. 
Permits can take years to get. 
Government and regulations can be 
an alphabet soup of acronyms that 
turn citizens off. Make sure you have 
help with understanding regulations 
and to have the patience to navigate 
through them.

•	 Waste-of-time meetings – Free food is 
always a good thing at meetings and 
events, but make sure you also 
provide food for thought when it 
comes to your overall purpose and 
message (Figure 3).

•	 Overwhelmed and a sense of 
hopelessness – Give your 
membership or audience something 
they can help with. Make them feel 
like they are being productive and 
can actually make a noticeable 
difference in a relatively short 
amount of time. Break larger tasks 
down into smaller activities, so that 
interested individuals can volunteer 
their time and feel like they are 
accomplishing something.

Social skills
 An obvious but overlooked factor in  
successful lake protection/restoration 
efforts is people. Any social situation 
comes with complex human interactions. 

It is important to have a good set of 
ground rules when it comes to social 
interactions. Every lake association will 
experience confrontations. There are 
topics that bring out emotions and deep 
feelings. Here is a list of some potential 
conflicts to prepare for: use of chemicals, 
agricultural vs. urban landuses, drinking 
water vs. wastewater sources and 
discharges, fishing vs. water sports, speed 
limits, horsepower restrictions, local 

ordinances, and believers in specific lake 
restoration techniques. The key to success 
is to provide a safe environment for 
people to speak. This requires a culture of 
listening. The last thing a lake association 
needs are factions of people undermining 
the overall goal of the association just 
because of old personal conflicts. Keep 
politics out of it.

Sustainability
 Maybe you already have a successful 
lake association. The next question should 
be about how one maintains that success. 
To be sustainable, lake groups must be 
flexible and willing to accept and adapt to 
changes. A culture of change is good to 
have and this can be achieved with a 
regular schedule of board retreats, annual 
meetings, plan updates, and steady 
communications about progress on 
projects. A lake is not stagnant and neither 
should the organization that is looking 
after it. Dynamic equilibrium is a great 
term to describe successful lake 
associations as well as healthy lakes.

Resources
 There are lake associations that date 
back to the early 1900s (Belgrade Lakes 
Association, Maine, for example) in 
different parts of the country. Lake 
restoration began in the 1970s thanks the 

Figure 3. Food is a great way to reward volunteers for their hard work during Lakes 
Appreciation Month.
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development of the U.S. Environmental 
Protection Agency (EPA) (National 
Research Council 1992). EPA then 
developed the Clean Water Act that 
included a lake improvement program, the 
Clean Lakes Program. This 40+ years of 
attention to lakes and lake management 
throughout North American provides 
plenty of resources. States and lake-rich 
regions are great resources to help 
forming lake associations. The North 
American Lake Management Society 
(NALMS) is a large non-profit 
organization in North America dedicated 
to various aspects of lake management, 
and it has been around for 40 years now, 
and has built international connections 
over that time. NALMS is a clearinghouse 
of lake information including conferences, 
programs, publications, peer reviewed 
journals, subject matter experts, certified 
lake managers, and a membership of 
experts across North America. It even has 
state and regional affiliate organizations 
on a more local level, for which many 
individual lake residents and lake 
associations are members.

GUIDELINES

Ten practical guidelines for developing community-based restoration efforts (Williams, J. 1997).

1. Select an appropriate scale – keep it manageable and achievable

2. Define a purpose – keep the efforts focused

3. Select project leaders – find experts to coordinate projects, this ensures that individual 
talents are maximized and there is progress.  Get more buy in from members.

4. Build community ownership – need local community to support your efforts.  Building 
good working relationships with partners takes time

5. Use the best available science – need trustworthy data to assess conditions, measure 
changes, and get public support

6. Design a business plan – careful planning that includes objectives, tasks, and 
strategies is needed for every activity

7. Follow the cardinal rules – avoid doing more harm to the environment, focus on the 
problem and not just the symptoms, and work with rather than against nature

8. Monitor and evaluate – critical for an adaptive management approach and helps with 
documenting changes and with public education

9. Communicate results and reward accomplishments – key to maintaining 
enthusiasm, promoting cooperation, and showing support

10. Maintain a long-term perspective for success – lake management is an ongoing 
process as long as people are involved.  Restoring and maintaining a lake requires a long-
term investment perspective

We'd like to hear from you! 

Tell us what you think of LakeLine.  We 

welcome your comments 

about specific articles and about the 

magazine in general. 

What would you like to see in 

LakeLine? 

Send comments by letter or

 e-mail to editor Amy Smagula 

(see page 3

 for contact information).  

c

Summary
 An organization of people having a 
common interest may sound simple, but it 
is not. Do not get discouraged if a meeting 
flops or things do not get done. It is rare to 
step into the batter’s box for the first time 
and slug a homerun at the first pitch. It 
takes time, patience, and a full 
understanding that forming a lake 
association is a long-term endeavor. After 
determining there is a need for a lake 
association, start finding the right 
stakeholders, volunteers, leaders, and 
staff. Start monitoring right away and 
establish ground rules when it comes to 
social interactions. The rest will come 
with time – understanding the regulatory 
landscape, making key stakeholder 
connections, developing a diverse 
membership, and ultimately starting to see 
improvements in your lake and achieving 
your association goals. And remember, 
don’t work in a vacuum, organizations 
like NALMS and their affiliates can be 
great resources for information and 
connection.
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How to Evaluate a
Lake Association’s Effectiveness

Leah L. Fitchett and V. Reilly Henson

Lake & Watershed Group Primer

Introduction

People value lakes for a wide variety 
of reasons. Lakes can hold 
significant personal and cultural 

value, provide opportunities for 
recreation, bolster property values, and 
even comprise people’s livelihoods. These 
values can motivate people to work 
together to protect, preserve, and manage 
lakes as part of civic groups like lake 
associations. Depending upon the 
characteristics of the lake, along with the 
needs and desires of the community, these 
associations can vary greatly in terms of 
their vision, goals, membership, and 
activities. Regardless of their variability, 
lake associations and similar groups share 
the potential to play an important role in 
the management of lakes and watersheds. 
 Given this potential, it is important to 
determine whether or not a lake 
association is performing effectively. But 
how do we define effectiveness? Whereas 
a business might be able to look at profit 
or growth, it is not as easy for civic 
groups to choose a single metric to 
represent the outcome of their efforts. 
Because many factors influence the 
environmental quality of a lake, it is 
generally difficult – or even impossible 
– to trace changes back to a lake 
association’s actions with complete 
certainty (Figure 1). In fact, the difficulty 
of measuring the effectiveness of civic 
organizations has led to the rise of several 
different frameworks to guide evaluation. 
Some focus on internal processes; others 
focus on judging outcomes; still others 
focus on comparing characteristics to 
other organizations (Cameron 2015). 
 Clearly, there is no simple answer to 
the  question of whether a civic 
organization is effective. However, the 
process of thoughtfully evaluating your 
lake association is immensely beneficial, 

Figure 1. Many factors affect a lake’s environmental outcomes, making it difficult to 
trace changes directly back to a lake association’s actions.

as lake associations are often well situated 
within their communities to play a 
significant role in contributing to lake 
management and conservation. Evaluating 
lake associations’ effectiveness can yield 
useful insights that inform future 
strategies, management practices, 
partnerships, and more. 
 There are three common frameworks 
for evaluating nonprofit effectiveness that 
can be usefully implemented by lake 
associations as a proxy to better 
understand their own contribution to 
environmental quality. These frameworks 
include: (1) the Goal Attainment 
Framework, (2) the Capacity Framework, 
and (3) the Reputation Framework. 
 Each of these frameworks addresses a 
question that can be asked of a particular 
organization, which are, respectively: (1) 
To what extent does your organization 
achieve the goals it has set for itself?; (2) 
What resources are available to your 
organization and how are they leveraged?; 
and (3) How effective is your organization 
perceived to be by the general public? We 
describe each of these frameworks for 

assessment separately in this article, but 
recommend that lake associations draw 
from all three perspectives when 
performing evaluations to gain the most 
complete picture of their organization’s 
effectiveness.

Assessment Framework 1: 
Goal Attainment
 The first question to ask is to what 
degree your lake association achieves its 
goals. An association would be considered 
effective if it regularly achieves publicly 
advertised goals, or the objectives laid out 
in its mission, and has the ability to 
continue doing so. Civic groups such as 
lake associations typically have missions 
that reflect public needs, as they were 
created with the intention to solve a 
problem or address a potential issue of 
public interest. Under this evaluation 
framework, a lake association considers 
the degree to which it is achieving its 
goals in a way that is measurable, reliable, 
and can be sustained over time. 
 It is helpful to identify the 
motivations behind your lake association’s 
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mission, to more accurately assess the 
extent of its achievements. There are three 
common types of missions that a lake 
association may have: human-centered, 
nature-centered, and pragmatic. Human-
centered missions are focused on the 
ability of a lake ecosystem to improve the 
quality of life of those who interact with 
it. Nature-centered missions are more 
focused on the intrinsic value that lakes 
are believed to have, and the idea that 
people may even be morally obligated to 
protect them. Finally, pragmatic missions 
revolve around protecting the lake for 
additional benefits such as property 
values, tourism, or fishing resources. 
None of these mission types is superior to 
the others; each is based on real human 
needs and beliefs. Because they are all 
highly distinct, though, it is useful to 
consider which one is being invoked when 
evaluating whether your lake association 
is meeting its goals. 
 The achievements of your lake 
association can be broken down into two 
parts: the actions that are taken, and 
outcomes of those actions. For example, if 
the goal is an increase in public 
knowledge, a relevant action might be 
printing informational flyers about algae, 
and a possible outcome would be that 
members of surrounding neighborhoods 
are better-educated about algae in the 
lake. However, an alternative outcome of 
the same action could be that very few 
people read the flyers, and that public 
knowledge does not increase. If this were 
the case, your lake association might at 
first appear to be achieving its goal, 
because it took an action that is commonly 
considered to increase public knowledge. 
But upon delving further into the 
outcome, it becomes clear that there is 
room for improvement. For this reason, it 
is crucial to evaluate actions and 
outcomes together to understand whether 
your lake association is achieving its 
goals. 

Assessment Framework 2: 
Capacity
 The second question asks about the 
assets available to your lake association 
that allow it to persist and grow over time. 
An organization is considered to be more 
effective if it is able to maintain or expand 
its operations and resources over the 
course of several years, rather than 
dissolving or shrinking in scope. 

A lake association’s survival, growth, and 
scope all inherently depend on its 
capacity, which refers to the resources 
available to leverage, including the 
capabilities and knowledge of the 
individuals who help it function. In this 
way, capacity can serve as a metric for 
effectiveness. An organization’s capacity 
consists of seven types of resources: 
natural, cultural, human, social, political, 
financial, and built (Flora et al. 2005). See 
Table 1 for examples of how each of these 
could apply to a lake association.
 A lake association is able to take 
actions by leveraging its capacity. For 
example, a lake association might use its 
physical, built resources – e.g., a 
headquarters building – to host meetings 

Type of 
resource

Application to lake associations

Natural Lakes are often important natural landmarks, as well as offering 
opportunities for recreation. A lake association might use these factors 
as evidence that protection efforts are worthwhile, to help motivate its 
audience to engage in those efforts.

Cultural Lake associations may host or participate in cultural events to 
strengthen their ties to the local community. They can also take 
responsibility for cultural artifacts that are important to the community, 
such as antique watercrafts or a cultural museum.

Human A lake association may be able to tap into the training, education, 
and expertise that is shared by its staff, board members, volunteers, 
or members. In addition, the sheer number of individuals who are 
actively involved in a lake association is also considered part of a lake 
association’s human resources.

Social Social resources are made up of the trust, cooperation, and rapport 
a lake association has with the surrounding community and other 
institutions or organizations. Partnerships, collaborative efforts, 
and involvement in conflict mediation can be indicators of a lake 
association’s social resources. 

Political A lake association’s political resources consist of its connections, 
collaborations, and influence with political leadership. Lake 
associations can draw on these resources to generate support or to 
participate in the rule-making process, so that their values and mission 
might be included in policy and regulations.

Financial Monetary resources can include membership dues, donations, 
fundraising revenues, sponsorships, investments, and savings. Financial 
resources allow lake associations to pay for equipment, upkeep, and 
daily operations, while also providing a means to invest in activities 
and lake management efforts. 

Built This is the infrastructure owned, rented, or used by a lake association. 
This can include property, buildings, and equipment. Built resources 
can determine the types of activities that are feasible for a lake 
association to engage in. 

Table 1. The different types of resources, and examples of ways that lake 
associations can use them to build or maintain capacity.

with local stakeholders, or use natural 
resources like a beautiful lakeshore to 
draw people into attending a promotional 
event. In this way, capacity and 
effectiveness can create a positive 
feedback loop: When an organization 
gains capacity, it can become more 
effective, which in turn enables it to 
acquire even greater capacity. 
 Of course, this positive feedback loop 
is influenced by whether or not a lake 
association leverages its capacity 
strategically and appropriately. For 
example, if a lake association holds a 
successful fundraising event and gains 
significant financial resources, but it does 
not invest or spend those financial 
resources in ways that demonstrate it is 
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achieving its goals, then it has not 
necessarily increased its effectiveness 
despite an increase in its capacity. This is 
related to the Goal Attainment Framework 
described above, which demonstrates why 
it can be useful to combine frameworks 
when evaluating an organization. 
Likewise, an effective lake association 
only continues to grow or maintain 
capacity if it directs some of its activity 
internally to reinvest in the organization 
itself. 
 According to the Capacity 
Framework, an effective lake association 
is likely to have significant public 
recognition, member engagement, and 
goal attainment, as these are all connected 
to having access to strong, diversified 
resources. When evaluating your 
association’s capacity in this way, you 
should consider the context in which the 
organization is operating, the types of 
resources that are being employed, and 
whether or not organizational capacity 
needs to be further strengthened in order 
to attain the established goals. The most 
effective associations are likely to make 
use of each of the seven categories of 
resources, rather than relying solely upon 
one or two.

Assessment Framework 3: 
Reputation
 The third question to ask is how 
people perceive your lake association. 
This framework suggests that public 
recognition and social trust of an 
organization can serve as good proxies for 
organizational effectiveness. In other 
words, where it might be impossible to 
measure effectiveness directly, it can be 
quite useful to understand how effective 
people believe an organization to be. 
Therefore, under this context, an effective 
lake association might be one that is 
well-known, respected, trusted, and 
relied-upon by members of its community. 
To determine whether this is the case, you 
can examine how decision makers, the 
media, and the general public interact 
with or view your association. If they tend 
to cite the lake association as a credible 
source of information, offer praise for its 
accomplishments, and invite it to 
participate in community events or serve 
on local committees, then it would be 
regarded as an effective lake association 
under this framework.

When considering how your lake 
association effects change within its 
community, partnerships may be key. 
Lake associations often partner with other 
non-profit organizations, local interest 
groups, businesses, researchers, or even 
political efforts. When an organization 
operates at the intersection of practice, 
policy, and science in this way, it may be 
referred to as a bridging organization, or a 
boundary organization (Crona and Parker 
2012). If your lake association is 
functioning as a bridging organization 
within its community, this is a good 
indicator of effectiveness under the 
Reputation Framework. Lake associations 
are often perfectly situated to connect 
stakeholders with the local knowledge 
they need in order to make management 
decisions regarding the lake and its 
watershed (Figure 2).
 To be perceived as credible by the 
public, an organization generally also 
needs to have effective internal dynamics. 
This means that lake association personnel 
must have access to a positive working 
environment, opportunities for developing 
leadership skills, and a transparent 
decision making processes (even if those 
personnel are unpaid volunteers). If the 
internal workings of your lake association 
are smooth, efficient, and well-
established, then the association is much 
more likely to have a strong reputation 
amongst community members, who care 

Figure 2. Lake associations are positioned such that they can mediate communication, 
collaborations, and/or information (from Fitchett 2019). 

about how the lake association’s work 
gets done.

Lake Association Actions
 To understand how mission, capacity, 
and reputation translate into outcomes, 
your lake association must finally look at 
the concrete actions it takes. Lake 
associations generally work to guide lake 
management through one of three 
avenues: acting to directly influence the 
lake, acting to influence people’s norms 
and behaviors, or acting to influence 
formal rules or policy. For example, a lake 
association might host a lake clean-up 
event, advertise lake-friendly practices for 
leaf disposal, or advocate for lake-friendly 
agricultural policies. Importantly, any of 
these actions can also be accomplished by 
a lake association acting through its 
partnerships with other community 
entities. Ultimately, the actions that your 
lake association takes (as well as the 
resulting outcomes) determine whether it 
is attaining the goals laid out in its 
mission, building and leveraging capacity, 
and establishing and maintaining a strong 
reputation.

Conclusion
 These frameworks for assessing a 
lake association’s effectiveness are not 
intended to produce a definitive answer to 
the question of whether your lake 
association is good or bad, or effective or 
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not (Herman and Renz 1999). Rather, you 
should use them as tools for evaluating 
and monitoring your lake association’s 
effectiveness, as a means for identifying 
areas for improvement. By recognizing 
gaps between its potential and its actual 
accomplishments, a lake association can 
strategically determine how to better 
allocate resources, form partnerships, and 
focus actions in the future. Depending 
upon the context of the lake association 
and the needs of its community, these 
frameworks can be used to help chart a 
path toward greater effectiveness. 
 It should be noted that there is 
overlap between these three frameworks, 
reinforcing several common themes in 
evaluating effectiveness. For instance, an 
organization’s self-described goals are 
likely to include items such as building 
partnerships and leveraging resources. 
Additionally, social ties, partnerships, and 
connections that bolster the organization’s 
reputation also simultaneously represent 
resources that make up an organization’s 
capacity. An organization can neither 
achieve its goals nor establish a good 
reputation if it does not have the capacity 
to sustain itself. Because of this overlap, 
major strengths and/or gaps are likely to 
be highlighted regardless of which 
framework is applied to an organization’s 
evaluation, although utilizing a 
combination of these three frameworks 
can provide the most comprehensive 
assessment. 
 Lake associations are poised to play a 
major role in lake management and 
conservation, and these frameworks can 
be applied to better understand the role 
these groups are playing in their 
individual communities already, as well as 
the potential they have waiting to be 
unlocked. 
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YOU could be the winner of the 2020 NALMS 
Annual Photo Contest.
Two winning images will be selected, a Member’s Choice winner selected by Symposium 
attendees and an Editors’ Choice winner selected by the editor and production editor for the 

entry that will make the best LakeLine cover. We have 
secured sponsorship for the Photo Contest, and 

the winner of each category will receive a 
generous gift card.  

Your favorite lake or reservoir photo 
could grace a cover of LakeLine! 
Entries will be judged in conjunction 
with the NALMS 2020 virtual 
symposium.

Only electronic submissions will be 
accepted. You must be a NALMS member to 

submit an entry.

Photos should be of sufficient resolution to print from 
(approximately 300 dpi at 8.5” x 11”). Maximum of one submission per person.  Both portrait 
and landscape orientation are acceptable, but note that the best cover layouts are derived 
from photos in the portrait orientation.

Entries must be emailed to LakeLine@nalms.org by the end of the day on October 15, 2020.
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A Regional Approach 
to Land Use Planning

Chris Mikolajczyk

Lake & Watershed Group Primer

The Highlands Region of New Jersey 
covers less than 15 percent of the 
state, but provides drinking water for 

70 percent of its residents. Recognizing 
the significance and value of this region 
and a desire to ensure protection of both 
the natural resources and the economic 
viability of communities within the 
Region, the State Legislature of New 
Jersey passed the New Jersey Highlands 
Water Protection and Planning Act 
(Highlands Act) in 2004 (https://www.nj.
gov/dep/rules/rules/njac7_38.pdf).  The 
Highlands Act advocated for a regional 
approach to land use planning, requiring 
stringent resource protection policies 
while acknowledging that development, 
redevelopment, and economic growth in 
certain appropriate areas of the Region 
were also in the best interests of the state. 
 The New Jersey Highlands Water 
Protection and Planning Council 
(Council) is a regional planning entity 
established in the Highlands Act and 
charged with its overall implementation.  
The Council is a 15-member appointed 
body (nominated by the governor, 
approved by the state senate) assisted in 
its duties by a professional staff of 
planners, scientists, and GIS experts.  The 
Council works in partnership with 
municipalities and counties in the Region 
to encourage a comprehensive regional, 
watershed planning approach in the 
implementation of the Highlands Act. 
Implementation is guided by the 
Highlands Regional Master Plan (RMP), 
adopted by the Council in 2008. The 
Highlands Council Plan Conformance 

A public-private watershed-based management approach 
of the lakes of the borough of Ringwood, Passaic County, 
New Jersey

process provides municipalities and 
counties with a framework for this 
implementation. Plan Conformance 
includes the revision of local planning and 
regulatory documents to integrate the land 
use and resource management 
requirements of the Highlands Act so 
those documents will conform to the 
goals, requirements and provisions of the 
Regional Master Plan (RMP). Plan 
conformance is required by the Highlands 
Act throughout the Preservation Area and 
is voluntary in the Planning Area.  
Municipalities and counties participating 
in the Plan Conformance process have 
access to planning and environmental 
science expertise, technical support, and 
materials for use in updating local 
regulatory and planning documents to 
ensure alignment with the Highlands Act 
and RMP. Grant funding is available to 
support some of the technical expertise 
associated with this work.

A bloom spurs action elsewhere
 In the summer of 2019, a large-scale 
harmful algal bloom (HAB) struck Lake 
Hopatcong, New Jersey’s largest lake and 
also located in the Highlands. Lake 
Hopatcong is overseen by the Lake 
Hopatcong Commission (LHC), an 
independent State agency created in, but 
not of, the New Jersey Department of 
Environmental Protection (NJDEP). The 
LHC is recognized as a steward of the 
lake and watershed. The 11-member 
Board of State and local appointees 
include representatives of the four 
municipalities and two counties 

surrounding the Lake.  The LHC is 
responsible for fulfilling the obligations of 
the Lake Hopatcong Protection Act, to 
safeguard Lake Hopatcong as a natural, 
scenic, and recreational resource. As can 
be expected, this can be difficult at times 
given all the governmental and regulatory 
agencies, as well as citizen stakeholder 
groups involved. This was especially 
evident as the HAB persisted in the lake 
throughout the summer.
 Further north, the Borough of 
Ringwood is also situated in the heart of 
the Highlands and is home to several 
public and private lakes. After seeing the 
events of the Lake Hopatcong 2019 HAB 
unfold, and in order to take an active role 
in the management of these natural 
resources within multiple watersheds, the 
Borough of Ringwood took the initiative 
to be the first municipality in the state of 
New Jersey to take a regional watershed 
based approach to private lake 
management through a public-private 
partnership (PPP) with four separate lake 
associations.   
 The four private lakes targeted in the 
plan: Cupsaw Lake, Erskine Lakes (Upper 
and Lower), Skyline Lakes (Upper and 
Lower), and Lake Riconda were created 
by the Ringwood Company in the 1920s 
and 1930s to promote the municipality as 
a hunting and fishing retreat and a 
summer resort for New York City 
dwellers (Figure 1). They currently 
provide private beach clubs and 
recreational opportunities for surrounding 
homeowners who can opt to join as 
members. Generally, in New Jersey, the 
health of a private lake is funded and 
managed in isolation by the governing 
private lake association group.  All four 
sets of lakes drain to the Wanaque 
Reservoir, a drinking water supply 
reservoir.

https://www.nj.gov/dep/rules/rules/njac7_38.pdf
https://www.nj.gov/dep/rules/rules/njac7_38.pdf
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Figure 1. Map of all Ringwood Lakes

Partnering on holistic watershed 
management planning
 In consultation with the author, 
Ringwood Borough Manager Scott Heck 
and Land Use Administrator Helen Forsa 
designed and implemented a municipal-
wide, holistic watershed management plan 
to use as a tool to identify capital 
priorities in order to enhance water quality 
throughout the community. A regional 
approach to lake and watershed 
management is a normal approach from a 
scientific, technical, and community point 
of view. However, historically, state and 
municipal governments and private lake 

associations have rarely partnered to take 
such an approach in New Jersey.

This integrated approach to watershed 
and lake management is an important 
preventative measure to improve water 
quality for millions of people and reduce 
potential future incidents of aquatic 
invasive species and HABs throughout the 
region. Funding for the Watershed-based 
Assessment for the Lakes of the Borough 
of Ringwood is being provided by the 
aforementioned New Jersey Highlands 
Council through a grant reimbursement to 
the Borough of Ringwood. As part of the 
PPP, the Borough of Ringwood will 

review and where feasible implement any 
suggested actions surrounding the lakes, 
while the lake communities themselves 
will be responsible for any recommended 
in-lake actions, such as aeration, mixing, 
nutrient inactivation, etc., should they 
choose to implement them. At the 
conclusion of the study, the final report 
provided to the Borough will identify and 
prioritize watershed management 
techniques and measures that are best 
suited for immediate and long-term 
implementation, as well as provide cost 
projections for implementation and 
maintenance in both the short-term and 
long-term.

A work in progress
While the project is ongoing, to date 

in 2020, multiple portions of the study 
have begun. Specifically, historical data 
have been obtained from the Borough and 
each individual lake association, as well 
as any other regulatory agencies, (such as 
NJDEP and the U.S. Geological Survey), 
and reviewed in advance of implementing 
the watershed assessment activities. By 
doing so, a capitalization on established 
water quality trends, problems and issues 
raised through any past sampling efforts, 
and evaluation of the relative success of 
any past restoration efforts can be 
accomplished.  

Additionally, the study has modeled 
the sub-watershed hydrologic and nutrient 
loading properties to each lake.  The 
hydrologic and pollutant loading data will 
enable the Borough to identify and target 
the primary sub-watersheds or stormwater 
discharges requiring the greatest load 
control and evaluate the feasibility of 
managing these loads. This will aid the 
Borough in selecting, prioritizing and 
implementing nutrient and sediment load 
management efforts, thus ensuring that 
future restoration practices are directed to 
the watershed projects having the greatest 
overall benefit to the long-term 
management of surface water quality.  

Also, using the modeling data, both 
baseline (no rain in the previous 72 hours) 
and storm water stream monitoring events 
are being conducted within each of the top 
three sub-watersheds with regards to 
pollutant and hydrologic loading for each 
lake. During these monitoring events, 
both in-situ (temperature, dissolved 
oxygen, pH, and specific conductivity) 
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and discrete water quality (total 
phosphorus, soluble reactive phosphorus, 
total nitrogen, and total suspended solids) 
data are being collected (Figures 2 and 3).

Moreover, a single growing season 
investigation and assessment of the water 
quality of each of the lakes of the 
Borough is also being performed. During 
each event and at each in-lake monitoring 
station, in-situ water quality data will be 
recorded in profile at 1-meter increments, 
and Secchi depths will be recorded.    
Discrete water samples will also be 
collected at a depth 0.5 meters below the 
surface of the lake and 0.5 meters above 
the bottom of the lake, and analyzed for 
total phosphorus, soluble reactive 
phosphorus, nitrite-nitrate nitrogen, 
ammonia-nitrogen, chlorophyll-a and total 
suspended solids. Zooplankton and 
phytoplankton samples will also be 
collected and analyzed for species 
composition, dominant organism and 
relative density. Last, during each 
sampling event, a semi-quantitative 
survey of aquatic vegetation and/or algae 
growth (planktonic or filamentous) will be 
conducted (Figures 4 and 5).

Putting the data to use
Once all of the laboratory data have 

been received and processed, the 
watershed modeling has been completed 
and existing historical data reviewed, a 
General Assessment Report will be 
developed. The report will discuss the 
data and observations compiled during the 
monitoring and compare these data to 
established USEPA/NJDEP trophic state 
standards and NJDEP surface water 
quality threshold values. The report will 
also cover in detail any water quality 
issues that were observed or measured, 
especially the results of the phosphorus 
loading and in-situ data. The report will 
also review in detail the results and 
findings of the field data and the 
relationships of the modeled data relative 
to any historical data.

The report will include the 
identification of which watershed 
management techniques and measures are 
best suited for immediate and/or long-
term implementation. For each 
recommended technique a preliminary 
cost estimate for the implementation, and 
its associated long-term maintenance, of 
the specified measure will be generated.  

Figure 2. Engineered watershed stream

Figure 3. Natural watershed stream
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These data will be used in turn to rank 
each recommended management measure.  
Also, within the report an identification of 
any and all the regulatory constraints 
affecting each of the recommended 
watershed-based management measures 
will be discussed. 

A schedule will also be generated for 
implementation of the recommended 

Figure 4. Cupsaw Lake

Figure 5. Lower Skyline Lake

watershed management measures.  This 
will provide the Borough with a sense of 
not only how to prioritize restoration 
recommendations, but how to budget for 
their implementation in both the short-
term and long-term. Finally, because it is 
important to monitor the implementation 
action, the plan will include a long-term 
water quality monitoring strategy. This 

can be used by both the Borough and the 
lake associations to objectively and 
quantitatively track the watershed-based 
water quality improvements and 
ecological benefits achieved through the 
implementation of any recommendations 
provided in the assessment report.

Last, the associations of the private 
lakes that have received in-lake 
monitoring will be given all of the 
applicable data collected in the field.  
However, it is important to note that the 
Borough will only focus on 
recommendations which are watershed-
related.

Initial thoughts
As of June 2020, a single set of data 

has been collected for each of the three 
field monitoring types: baseline 
watershed, storm water watershed, and 
baseline lake. With a relatively cool 
spring in New Jersey, it is no surprise that 
the lake data all revealed signs of the 
lakes starting to “wake up” after a 
relatively mild winter that was followed 
by an unexpected prolonged cold snap.  
The region even received snow the first 
weekend of May! But even with this cold 
snap, the lake and watershed-based storm 
water data was revealing. All of the lakes 
were well mixed, and oxygenated to the 
bottom. For the most part, nutrients were 
minimal, but one set of lakes did appear to 
have an early season algal bloom (of the 
diatom Asterionella) occurring. Relative 
to the stream stormwater concentrations, 
total phosphorous concentrations ranged 
from a low of 0.01 mg/L to 0.69 mg/L 
(the N.J. surface water quality standard 
for all freshwater streams is 0.10 mg/L) 
and suspended solid concentrations 
ranged from 2 mg/L to 290 mg/L. These 
storm water nutrient concentrations 
averaged 20-30 times greater than the 
baseline concentrations, albeit this was 
only one set of data.
 It would be imprudent to draw 
significant conclusions from this first-
round and limited data set, but the key to 
the project is that all the parties 
(stakeholders, borough government and 
State government) are on the same page in 
regard to the regional watershed 
management approach as partners versus 
the typical “every man for himself” 
approach of the past. Also, it is important 
to have data to allow for these groups to 
be able to track water quality conditions 
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over the season, and to learn about the 
changes and problems as they are taking 
place.  
 One deduction can absolutely be 
drawn from the project so far. The 
neighboring Township of West Milford 
has joined the regional approach to 
watershed management as well.  
However, the West Milford project will be 
significantly larger with a total of 22 
Township lakes set to be studied.  
Additionally, the Township of Rockaway 
has also agreed to a similar study with the 
number of lakes expected to be 
approximately 18-20.  While the 
Township of West Milford project has 
been approved by the Highlands Council 
budgetary committee, the COVID-19 
virus pandemic has prevented the final 
Council meeting necessary for final 
approval from occurring. This final 
approval is expected by the Fall of 2020, 
with the following season of 2021 
targeted for field efforts. It is expected 
that the Township of Rockaway’s scope of 
work will be approved shortly thereafter 

as well. Perhaps the Borough of 
Ringwood/Highlands Council project has 
created the partnership approach truly 
necessary for lake management in New 
Jersey?
 This is just one model of how people 
from different affiliations and 
backgrounds come together to address 
lake and watershed monitoring and 
management in a specific geographic area 
of New Jersey. There are other models out 
there, so finding one that works best for 
all parties involved will go a long way to 
establishing cohesiveness and durability 
to any plan and its implementation. The 
key is to have open communication and a 
common goal!
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The State of Applied In-Lake Management:
A Lake Manager’s Perspective

Marc Bellaud

Lake & Watershed Group Primer

Introduction

Similar to what has occurred with 
technology, the science of applied 
lake management has evolved 

considerably over the past three decades. 
This evolution has occurred partly 
because of scientific advancements and 
partly out of need. Pressures from 
continued development, agricultural 
practices, climate change, greater 
recreational usage and increasing water 
demands are adversely impacting lakes at 
an accelerated rate. Fortunately, there is 
greater awareness of the challenges, and 
applied lake managers now have more 
tools at their disposal than ever before. 
 Lake management needs and 
solutions vary considerably depending on 
the type of waterbody, its uses, geographic 
location and the particular challenges it is 
facing. Many of the old axioms remain 
true. First, every lake and pond is 
different. This needs to be taken into 
account as lake management plans are 
being developed. Assessment, monitoring 
and even permitting requirements must be 
appropriate for the size and type of 
waterbody, and for the management 
strategy being proposed. Second, 
prevention is the most effective form of 
management. No one can dispute the 
concept that preventing a highly invasive 
aquatic plant like hydrilla from being 
introduced to a lake is more preferable 
than trying to manage it once it’s 
established, or that eliminating nutrient 
sources in the watershed is better than 
trying to control harmful algal blooms 
(HABs) once they develop in a nutrient-
rich system. However, the unfortunate 
reality is many of our lakes have already 
been adversely impacted, and in-lake 
management is often needed to preserve 
desirable conditions and to prevent further 
deterioration. 

 There are four major focus areas of 
applied in-lake management in most 
freshwater lakes, ponds and reservoirs: 
improving water quality, eliminating 
aquatic invasive animal species, managing 
problematic algal blooms, and controlling 
invasive and nuisance aquatic weed 
growth. Many of the techniques and 
strategies used to manage these challenges 
are similar, so this review will focus on 
where and how available approaches are 
used and what advancements have 
occurred in the industry in recent years. 

Water quality improvement 
 Water quality improvement efforts by 
lake managers are usually directed at 
reducing excessive nutrients that can fuel 
nuisance algae and weed growth, and 
increasing circulation and dissolved 
oxygen concentrations that can benefit 
lakes on many levels. Focusing on 
improving water quality is generally 
viewed as proactive management – 
preventing problems from developing in 
the first place by addressing the root cause 
– as opposed to reactive management – 
controlling the symptoms like nuisance 
weed and algae growth once they develop. 
 Nutrient management in freshwater 
lakes usually targets reductions in 
excessive phosphorus and nitrogen 
concentrations. Once point sources and 
non-point sources of nutrient pollution are 
addressed in the watershed, there is often 
still a need to reduce nutrient levels 
in-lake due to years of loading and 
internal recycling processes. Phosphorus 
is the limiting nutrient in most freshwater 
lakes and treatment strategies focus on 
permanently binding phosphorus and 
rendering it unavailable for biological 
uptake. Salts of aluminum, iron and 
calcium are typically used, but several 
other compounds and polymers have and 

continue to be tested. Aluminum sulfate 
treatments (Figure 1) are the most 
common and have the longest track-
record of use, along with increased use of 
a modified bentonite clay that contains 
lanthanum. Lakes with small watersheds 
and long retention times where internal 
phosphorus loading is considerable can 
see years and sometimes decades of 
improvement from properly designed and 
executed phosphorus inactivation 
treatments. 
 The other most common water 
quality improvement performed in lake 
management is circulation and the 
addition of dissolved oxygen. This can 
help prevent lakes from going anoxic 
which may prevent the release of nutrients 
from the bottom sediment that can fuel 
nuisance algal growth. Circulation and 
oxygenation can also help prevent the 
accumulation of other toxic compounds, 
promote the natural breakdown of organic 
debris and be beneficial to fish and most 
other aquatic organisms. The most 
common types of circulation aeration 
systems found in smaller lakes and ponds 
are surface fountains or mixers and 
bottom diffused aeration systems (Figure 
2A, B). Surface fountains and mixers are 
generally more efficient in shallow 
systems and oxygen is introduced through 
the mixing adsorption of atmospheric 
oxygen. Bottom diffused aeration systems 
are more efficient in deeper waterbodies 
where the rising bubble plumes produced 
by on shore air compressors cause the 
bottom water to rise to the surface where 
oxygen is introduced. Both types of 
systems are particularly beneficial in 
smaller, man-made lakes that serve as 
stormwater retention basins or in ponds 
that refilled using reclaimed water. Proper 
sizing often becomes challenging in 
larger, deeper lakes that may already be 
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Figure 1. Barge performing aluminum treatment (SOLitude Lake Management).

Figure 2. A. Surface Fountain System; B. Submersed Aeration System (SOLitude Lake Management).

A B

more readily mixed by wind driven 
currents. Hypolimnetic aeration and 
oxygenation systems are usually reserved 
for deep lakes and reservoirs with specific 
mixing and oxygenation goals. 
 Newer to lake management is the use 
of nanobubble generators that produce 
ultra-fine bubbles that are thousands of 
times smaller than conventional aerators. 
Nanobubbles have a neutral buoyancy and 
can remain in the system for days or 
weeks. This makes them potentially more 
efficient for oxygen transfer, and 
nanobubbles reportedly provide other 
benefits including oxidization of 
cyanobacteria. Research is ongoing to 
optimize the use of nanobubble generators 
for lake management needs, but early 
results are promising. 
 Introduction of beneficial bacteria 
and microbes is also gaining popularity in 
lake management. While this technique 
has long been used in operations at 
wastewater treatment facilities, water 
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quality and bacteria concentrations are 
continuously monitored and adjusted to 
optimize performance. Designing natural 
and engineered bacteria that will work in 
the wide-range of water chemistry and site 
specific conditions found in lakes and 
ponds has proven to be challenging, but 
the science continues to advance. 
Bacterial additives are often used in 
conjunction with aeration with the 
objective being that bacteria will 
outcompete algae for the available 
nutrients.

 
Aquatic invasive animal control 
 Since this review is not focused on 
fisheries, animal control in conventional 
lake management is usually limited to 
invasive mollusks, zooplankton and 
crustaceans. Zebra mussels are the most 
recognizable aquatic animal being 
targeted by lake managers in North 
America, but quagga mussels, Asian 
clams and several invasive aquatic snails 
can pose similar problems. They can clog 
pipes used for water supply and irrigation, 
adversely impact hydro-power facilities, 
alter habitat and smother native species. 
Colony forming bryozoans can often 
reach problematic densities in ponds and 
clog irrigation lines, while spiny water 
flea and invasive zooplankton can greatly 
disrupt the food web and cause serious 
impacts to freshwater gamefish 
populations (Figure 3). Considerable 
effort is directed at education and 
preventing transport and spread of aquatic 
invasive animals, but in-lake management 
is sometimes needed. Water treatment 
plants and hydro-power facilities 
sometimes use ultraviolet (UV) light and 
ozone generation systems, but to date 
in-lake control has been limited to 
chemical treatments using copper and 
peroxide based products. Treatments can 
be effective, but elevated chemical 
concentrations and exposure times are 
needed to control aquatic invasive animals 
compared to what is needed for algae or 
plant control, so treatments can have 
non-target impacts and must be carefully 
administered. 

Algae management
 Controlling nuisance algal growth is 
probably the most frequently occurring 
in-lake management activity being 
performed throughout North America. 

Figure 3. A. Asian clam; B. zebra mussel; C. mystery snail; D. Eurasian water milfoil 

A B

C D

Once planktonic or free-floating algae or 
the filamentous mat-forming algae reaches 
bloom conditions, management efforts 
need to switch from the proactive 
management techniques used for water 
quality improvements to more reactive 
strategies that target control of the 
nuisance algal growth. Algae is present 
and necessary in all freshwater lakes and 
ponds, being the first stage of the food 
web, but opportunistic cyanobacteria and 
other harmful algal blooms (HABs) can 
multiple rapidly and reach noxious bloom 
conditions under favorable conditions 
(Figure 4). The frequency and severity of 
HABs seems to be increasing under the 
continued pressures from development 
and climate change and the need for 
in-lake algal control is not going away. 
 Dyes are commonly used in smaller 
ponds to block sunlight penetration and 
prevent nuisance algae from developing at 
the sediment and water interface where 
nutrients are usually most abundant. Dyes 
are usually blue or black in color and are 
non-toxic to aquatic organisms, but they 
do not work in all situations and are 
generally not as effective in a waterbody 
that regularly flushes. 

 Aside from the potential benefits that 
aeration and circulation may have at 
limiting algal growth, the only other 
mechanical control technique commonly 
used is sonication. This is where sonic 
waves are emitted at specific frequencies 
that lyse or break apart the algal cells. It 
can be effective for line of site 
applications, but single units have a 
limited range, it is not effective on all 
types of algae and it does require 
electricity to run the sonication devices. 
 Barley straw is used to control algae 
in smaller ponds. While the mechanism 
for control is still not completely 
understood, there is a chemical compound 
that is released as the barley straw 
decomposes that prevents algae from 
growing. Barley straw is not registered as 
an algal control product or device, so it is 
not typically utilized by licensed lake 
managers. 
 Treatment with registered algaecide 
products remains the most commonly 
used technique by lake managers once 
algal bloom conditions develop. Products 
that contain copper as the active 
ingredient are still most common and 
widely used. Various forms of copper 
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Figure 4. Cyanobacteria bloom (SOLitude Lake Management).

sulfate and other copper complexes are 
used at low concentrations (<1 ppm) and 
are directly toxic to algae. Many of the 
common cyanobacteria and other nuisance 
planktonic and filamentous algae are 
highly susceptible to copper and can be 
controlled at low concentrations. Some 
copper complexes, usually chelates, are 
formulated with surfactants and adjuvants 
that are designed to keep copper in 
solution longer and aid in penetrating 
through the algal cell wall. These stronger 
formulations are often needed to control 
mat-forming filamentous algae and other 
types of macro-algae that resemble 
higher-level plants. Other commonly used 
algaecide are peroxides, usually 
hydrogren peroxide or sodium carbonate 
peroxyhydrate. Peroxides are generally 
viewed as having a safer environmental 
profile, but they are not as broadly 
effective as copper based products. Again, 
many of the noxious cyanobacteria are 
sensitive to peroxide algaecides, allowing 
for some selectivity in control. The key 
with any algaecide is treating when 
nuisance algae is developing, but when 
densities are still relatively low. Algaecide 
efficacy is directly linked to algal density. 
Treating at the beginning stages of an 
algal bloom will be more effective and 

reduce the risk of toxin release from 
HABs as the algae cells die back. Routine 
monitoring is critical in order to properly 
time algaecide applications. 

Aquatic plant control
 Managing overgrowth of nuisance 
aquatic plant growth is almost as common 
as algae control. While the majority of 
aquatic plant control efforts are focused 
on non-native or invasive species that 
have been introduced to freshwater 
systems (Figure 3D), native aquatic plants 
can grow to nuisance densities in nutrient 
stressed and manmade waterbodies. 
Reasons for managing aquatic plants may 
include aesthetics, access for recreational 
activities, water conveyance, preserving 
water quality, slowing eutrophication, and 
habitat preservation. Accurately 
identifying the types of problematic plants 
requiring management is the first step in 
determining the proper control technique 
to employ, but this can be complicated by 
the type of waterbody, size of the 
infestation, and use of the water. 
Eradication of nuisance and invasive 
aquatic plants is rarely achieved, so 
management techniques that are selected 
must be acceptable and sustainable to 
reach the desired outcomes. 

 Cultural and manual controls are 
usually focused on prevention and early 
detection – rapid response efforts. 
Educating lake users about the potential 
threat of invasive aquatic plants raises 
awareness and can result in effective 
control of new infestations. Boat ramp 
monitors, boat washing stations and 
educational material can be effective, but 
lake managers and stewards must remain 
vigilant. New infestations and low density 
growth can sometimes be effectively 
controlled by hand-pulling and removal. 
The use of snorkeling and SCUBA 
equipment is usually required in water 
greater than four feet deep. In this 
method, plants are usually dislodged from 
the sediment and the entire plant including 
the roots are collected and removed from 
the waterbody. Lake managers will 
sometimes employ diver-assisted-suction-
harvesting (DASH) devices to help 
vacuum plants that are hand-harvested at 
depth into collection system on a surface 
mounted barge or boat to increase 
removal efficiency. Dense patches of 
nuisance plants can be controlled by 
bottom or benthic barriers (Figure 5) 
made of various fabrics that are weighted 
or staked to the bottom for a month or 
more to kill plants by compression and 
blocking sunlight. Hand rakes, weed 
rollers and shading barriers are also used 
for localized control. All of these 
strategies are best reserved for smaller 
infestations and lower density growth. 
The only physical control that can be 
effective for lake-wide infestations is 
winter drawdowns or water level lowering 
to expose the bottoms sediment to 
freezing and drying conditions in northern 
areas that are subject to freezing. 
However, this approach is subject to 
optimal conditions being achieved, having 
sediments that can adequately dewater 
and not all plants are effectively 
controlled by drawdown. Some plants like 
hydrilla have subterranean tubers that are 
not controlled, or plants that propagate by 
seeds or seed-like structures can gain a 
competitive advantage during drawdown 
conditions. 
 Biological control of aquatic plants is 
possible in some cases using herbivorous 
insects or fish. The use of insects is 
continually being studied as new aquatic 
invasive plants are introduced in North 
America, but to date only a few plants are 
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being effectively controlled. 
Alligatorweed, water hyacinth, water 
lettuce, giant salvinia and melaleuca are 
being managed by specific weevils, 
beetles and flies in Florida and other 
southern states. Northern tier states have 
seen some success using weevils and 
beetles to control Eurasian watermilfoil 
and purple loosestrife. Most of the 
successful insect biocontrol programs are 
overseen by state or university researchers 
and are not being readily utilized by 
commercial lake managers. Probably the 
most effective biocontrol technique is the 
use of sterile or triploid grass carp (white 
amur). These fish have a voracious 
appetite for certain submersed plants. 
Hydrilla is well controlled by triploid 
grass carp and they are readily used as a 
management tool in everything from 

Figure 5. Diver managing benthic barrier (SOLitude Lake Management).

harvesting projects are also ongoing in the 
south and west to maintain navigable 
waterways. Harvesting is also used to 
provide temporary control of many 
submersed species in waterbodies where a 
mechanical approach is preferred or 
where herbicides cannot be used. 
Mechanical raking is also performed in 
some areas in an attempt to remove plants 
and their attached root systems. Raking 
with floating backhoe type equipment can 
sometimes provide longer-term control 
than harvesting, but the disturbed 
sediment can be recolonized by fast-
growing invasive species if they are 
already established in the waterbody. It is 
also slower, more disruptive and usually 
costlier, so it is reserved for use in 
particular situations. 
 Chemical treatment using registered 
herbicides is probably the most widely 
used technique for aquatic plant control 
currently being utilized by lake managers. 
It has been the focus of most of the 
research and development efforts in the 
aquatics industry in recent years and has 
seen considerable advancements. Most 
herbicides that are currently being used 
for aquatic plant control are applied at low 
concentrations and present negligible risk 
to humans and non-target organisms when 
properly applied. In the mid-1990s, there 
were only 6 active ingredients registered 
as aquatic herbicides. Currently there are 
about 15 registered active ingredients in 
aquatics. An influx of products was 
identified for the aquatic market after 
fluridone resistant hydrilla was discovered 
in Florida in early 2000s. Efforts have 
focused on finding products that provide 
specific control of invasive species, while 
leaving native plants unaffected. There 
has also been considerable study on the 
dose and response of aquatic herbicides to 
better understand the concentration 
exposure time requirements and well as 
optimizing treatment timing. 
 Herbicides are usually grouped into 
having either a contact or systemic mode 
of action. Contact herbicides are usually 
faster acting and have a broader spectrum 
of control, but they can provide immediate 
results and be used for spot or partial-lake 
treatments. Contact herbicides include 
older active ingredients such as copper, 
diquat and endothall, along with newer 
active ingredients like carfentrazone and 
flumioxazin. These products usually have 

small ponds to large reservoirs. Of course, 
any biocontrol can be unpredictable, may 
go through typical oscillations of 
effectiveness and frequently require 
constant monitoring and adjustment. 
 Mechanical control of aquatic plants 
has not seen much change or advancement 
over the past several decades, but it offers 
a tried and true method of control for 
certain plants and as a means to remove 
plant biomass from lakes without altering 
water quality. Harvesters that cut and 
collect vegetation are still widely used to 
control submersed and floating-leafed 
plants. Harvesting is most effective on 
plants that are slow growing and on true 
annual plants that reproduce from seed 
each year. Water chestnut is responsive to 
harvesting in the northeast because it only 
reproduces by seed. Large water hyacinth 
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a short period of activity in the water, are 
rapidly absorbed by susceptible plants and 
results are usually observed within a 
matter of days. The disadvantage of 
contact herbicides is that they generally 
control the stem and leaf tissue only and 
do not control the root structures, so 
plants will regrow more rapidly. Systemic 
herbicides are usually slower acting and 
are designed to control the stem, leaf and 
root tissue resulting in longer-term 
control. Systemic herbicides like 2,4-D, 
triclopyr, and one of the newest products, 
florpyrauxifen-benzyl, require only hours 
to days of exposure, while other systemic 
herbicides like fluridone, imazamox, 
imazapyr, penoxsulam, bispyribac-
sodium, and topramazone require weeks 
or more of exposure for sufficient uptake. 
Complete plant control usually takes 
several weeks with systemic herbicides, 
but selectivity and duration of control is 
often enhanced. Manufacturers and lake 
managers are continuously working to 
improve formulations, combinations, and 
treatment strategies to achieve the desired 
control of nuisance and invasive aquatic 

plants, while minimizing impact to 
non-target plants and animals, limiting 
adverse impacts to water quality and 
reducing risks. 

Summary
 Lakes continue to face many 
challenges, and most lakes are usually 
dealing with more than one challenge at 
the same time. Proper assessment and 
planning are important components of all 
lake management programs. Integrated 
management plans (IMPs) that 
incorporate multiple management 
strategies need to be developed so that 
lake management efforts can adapt as 
conditions change. In addition, many lake 
management activities are regulated at the 
local, state or regional level and, site 
specific permits are often required. Lake 
residents and decision makers are 
encouraged to work with professional lake 
managers to assess current conditions, 
develop appropriate management 
programs and properly navigate the 
regulatory process. 

 Similar to lakes themselves, lake 
management is constantly evolving and 
new strategies and products will 
undoubtedly be introduced in the coming 
years. There is more university study of 
lake management now than ever before, 
and advances in science and technology 
will equip lake managers with more tools 
to better protect and preserve these 
treasured freshwater resources for future 
generations to enjoy. 

Marc Bellaud, 
President of SOLitude 
Lake Management, has 
over 25 years of 
experience in the 
aquatics industry, with 
a focus in applied lake 
management.  He is a 
current director of the 
Aquatic Plant Management Society and is 
actively involved with numerous national and 
regional industry groups. His entire professional 
career has been committed to restoring our 
Nation’s freshwater resources.  c
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Encouraging Best Practices in the
Lake Home Rental Community

Laura Dlugolecki and Lindsay Miller

Lake & Watershed Group Primer

Visiting the edge
 Here in the Northeast, we always look 
forward to finally putting away snow 
shovels, taking out canoes and sandals, 
and heading to the nearest body of water. 
People are drawn to lakefront properties 
for their summer vacations. They look 
forward to visiting the same spot year-
after-year, or to venturing out and staying 
in places they have never been. In 
addition to traditional vacation rental 
accommodations found in lake 
communities, the rise in popularity of 
short-term rentals through online 
companies such as Airbnb, Homeaway, 
and VRBO, makes it easier than ever for 
people to rent lakefront property, at times 
directly from a property owner. 
 Those of us who work with lakes 
have heard a great deal of concern about 
the rise in lakeside rental visitors 
throughout the summer season. Some lake 
stewards want to know if renters are 
aware of septic system restrictions and 
capacities in the places they rent, and 
whether renters are aware of lake 
protection strategies.
 With over 800 lakes and ponds in 
Vermont and some of the clearest lakes in 
the nation, escaping to the water here is a 
popular vacation destination. As permit 
analysts with the Vermont Department of 
Environmental Conservation (VT DEC), 
we decided to check in with a few of the 
state’s realtors to hear about what 
lakefront property renters are asking (and 
not asking) before renting a property 
(Figure 1). 
 Among the realtors we spoke with, 
there was agreement that the main thing 
on a renter’s mind is access to the water. 
Renters know they have a short, blissful 
week or two at the lake, and the most 
important information they want to know 
about a rental property is how to get on or 

Figure 1. Sharing the edge on Island Pond, Brighton, Vermont. Image by L. Miller

in the water and what types of activities 
are appropriate at the lakefront access. 

VT DEC: What do renters want to know 
when they inquire about renting lake front 
property?

Matthew Lamb, Slopeside Okemo 
Vacation Rentals: The main question that 
renters ask me is about access to the 
water. Renters want to know if there is 
access from the property, or whether there 
is some sort of communal or right-of-way 

access. Once they know they can reach 
the water, visitors then ask about the 
presence of plants, or in some cases, 
whether blue-green algae has been 
observed in the area. Renters want to 
know about the density of plant growth 
and whether the lake font access area is 
good for swimming and boating.

Chip Tremper, Preferred Properties, 
agrees. Both renters and buyers of 
lakefront properties primarily ask about 
docks and whether the property has one.

https://pubag.nal.usda.gov/catalog/1258722
https://pubag.nal.usda.gov/catalog/1258722
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 It is encouraging to hear that non-
limnologists are aware of and have 
concerns about cyanobacteria, as the 
health impacts of swimming in 
cyanobacteria are well-documented. 
Shifting the public perception of aquatic 
plants can be a bit trickier. All aquatic 
plants are often lumped together in the 
“weed” category and seen as a nuisance. 
Temporary visitors are interested in 
getting uninhibited access to the water, 
and much less inclined to think about the 
habitat and water quality benefits that 
native aquatic plant beds provide (Figure 
2). Matthew Lamb, Slopeside Okemo 
Vacation Rentals, notes that rental 
properties located in front of “weedy” 
areas never do well; people are not 
interested in renting them.
 Regulations vary from state to state, 
and, in the case of Vermont, from 
waterbody to waterbody. Size, shape, 
depth, and classification status play a role 
in determining what is appropriate and 
legal for each waterbody. For realtors and 
property owners, sharing use restrictions 
and boating regulations are an important 
part of advertising a rental. Most realtors 
we spoke to revealed that not many 
renters ask about specific boating 
regulations pertaining to watercraft type 
and speed limits; rather they want to know 
if they can or can’t bring a motorized 
boat. 

VT DEC: Are boating regulations and 
other recreational uses clearly conveyed 
to renters?

Chip Tremper, Preferred Properties: If 
I’m listing something that prohibits jet 
skis, I include it in the listing ahead of 
time to be proactive. Generally, people 
wanting to bring their jet skis won’t ask 
me about the property if I tell them 
upfront that jet skis are not allowed.

Cindy Sanville, Sanville Real Estate: 
Some renters want to know about fishing 
regulations including what species and 
size of fish can be caught, fishing limits, 
and whether there are sensitive areas.
 It is important for visitors bringing 
their own boat, canoe, or kayak to be 
reminded that humans are the primary 
vector of transport of invasive species 
from one waterbody to another. Many 
nuisance plants and animals can be 

Figure 2. Aquatic plant community on Lake Hortonia, Hubbardton, Vermont. Image by L. 
Miller

unknowingly carried on fishing gear, 
boating equipment, or in very small 
amounts of water in a watercraft. The 
easiest and most effective means to ensure 
that you are not moving aquatic invasive 
species is to make sure that your vessel 
and gear, is clean, drained, and dry before 
moving between waterbodies (Figure 3).
 Once they have enjoyed a full day of 
sun and water, renters likely come inside 
to shower, cook dinner, and run the 
dishwasher. Many lakefront camps and 
cottages, built in the early half of the 20th 
century, have older septic systems, 
systems designed for occasional use, or 
just completely unknown wastewater 
treatment. When camps that were 
traditionally used for a few weekends a 
year are converted to year-round use, 
increased pressure may be placed on these 
septic systems.

VT DEC: Do renters inquire or express 
concern about septic system of the rental?

Cindy Sanville, Sanville Real Estate 
puts it simply: People are on vacation 
and not thinking about septic or water. 
Folks accustomed to having city water on 
demand don’t realize the limitations of a 
well and will sometime just let the water 
run.

Kathy Burns, William Raveis Real 
Estate, Vermont Property Company: 
The status of an existing septic system is a 
major conversation if someone is buying a 
property, but renters are not thinking 
about these items. Owners of the building 
or camp are responsible for their septic 
systems. In Vermont, property owners 
who rent out their lakeshore properties are 
required to get Fire Safety permits that 
identify the maximum number of people 
who can stay at a time in a dwelling. This 
may help prevent the septic system from 
being overloaded, but it doesn’t 
specifically address septic capacity.
 
Nancy Larrow, from Century 21 Jack 
Associates: Property owners are 
responsible for deciding who goes into 
their home, as realtors facilitate the rental 
details. It is up to the homeowner to 
approve the number of people they allow 
to rent their home at one time. Realtors 
don’t have specific information about 
septic capacity to pass on to renters. 
It is the responsibility of the property 
owner to ensure their septic systems are 
working properly and to understand signs 
of failure. In Vermont, the Lake Wise 
Program, which promotes lake-friendly 
development of shoreland properties, has 
held lake community outreach events 
known as “septic socials.” Septic Socials 

https://www.epa.gov/water-research/epidemiology-health-effects-cyanobacteria
https://dec.vermont.gov/watershed/lakes-ponds/lakeshores-lake-wise
https://dec.vermont.gov/watershed/lakes-ponds/lakeshores-lake-wise
https://wsg.washington.edu/septic-sense-and-septic-socials-and-septic-system-landscaping-classes/
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Figure 3. Decontaminating kayaks before leaving the lake. Image by J. Mulhollem

are fun, informal, and educational events 
that shed light on an unglamorous and 
often overlooked issue. Septic socials are 
hosted by a volunteer lakeshore 
landowner and attended by neighbors. A 
septic system professional is invited to 
briefly discuss system operation and 
maintenance using the host landowner’s 
system as a demonstration model. In 
addition to building community amongst 
lake enthusiasts, the event encourages 
landowners to return home and take a 
look at their own system to think about 
maintenance and to understand warning 
signs that something may be wrong 
(Figure 4).
 If renters are not familiar with rural 
landscapes, they may not be aware that 
the property is not connected to a 
municipal sewer system. A friendly 
placard in the bathroom or kitchen can 
help remind visitors to use water 
sparingly. Property owners may also want 
to make clear in their advertisement or 
rental agreement that the property can 
only support a certain number of people; 
the septic system of a two-bedroom 
cottage will not likely accommodate a 
20-person family reunion several weeks 
of the year. A failed septic system is not 
only financially costly to the property 
owner, but detrimental to lake water 
quality. Small lots mean tanks and leach 
fields are close to each other and close to 
the lake water table, increasing the risk of 

Figure 4. A septic social encourages good care and maintenance of wastewater systems. 
Image by A. Picotte

discharging fecal coliform (among 
nutrients and other microbes) to the 
waterbody. 
 To help encourage renters to be 
stewards of the lake during their brief 
visits, lake associations or other watershed 
groups can help create and/or disperse a 
simple, one-page document of suggested 
best practices that can be distributed to 

rental property owners. A brief, visually 
colorful “lake ethics” handout could 
include the following types of 
information:

•	Let visitors know that aquatic plants 
in a lake are natural! Seeing aquatic 
plants in a lake are like seeing trees in 
a forest. They provide important 
habitat and are often great fishing 
spots.

•	It is important to prevent the spread 
of aquatic invasive species. The best 
way to prevent the spread of invasive 
species is to ensure that all boats and 
gear are clean, drained, and dry 
before entering the water. 

•	Point renters in the direction of the 
nearest car wash or boat wash station.

•	Rules of conduct on the specific lake, 
for example: What are the speed 
limits near shore and are there no 
wake zones? Are there horsepower 
limitations? Are personal watercraft 
(jet skis) allowed here?

•	Where to get a fishing license and 
information about what to fish and 
what to not use as bait

•	What not to flush in a septic system, 
and encouraging visitors to space out 
heavy usage of water (dishwashing, 
laundry, showers, etc.)

https://www.epa.gov/septic/how-your-septic-system-can-impact-nearby-water-sources
https://www.epa.gov/septic/how-your-septic-system-can-impact-nearby-water-sources
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•	Let renters arriving from out of state 
know that firewood should be 
acquired locally and not transported 
from out of state.

•	Many states have regulations that 
protect shoreland vegetation: remind 
renters that live trees need to be left 
in place and firewood should be 
purchased instead.

•	Treat wildlife with respect, especially 
loons and other birds that may be 
nesting or feeding along the 
immediate shoreline

 As limnologists, watershed planners, 
researchers, ecologists, and lake lovers, 
we can take it upon ourselves to help 
educate lake visitors in a friendly manner. 
It is unreasonable to expect all renters to 
know about best management practices or 

to want a full ecology lesson on water 
quality. We all want to relax on vacation! 
Here exists a great opportunity to balance 
information and education and share the 
resource we all love with visitors and 
maybe inspire some new lake stewards.

Laura Dlugolecki is a 
regional permit analyst 
with the VT DEC’s 
Lakes and Ponds 
Program. Laura 
provides technical 
review of water quality 
and habitat impacts to 
projects affecting lakes 
and ponds in Vermont and provides outreach to 
shoreland property owners concerning 
shoreland best management practices. 

Laura has an M.S. in Forest Resources from 
Oregon State University and her favorite place 
to swim is in Lake Champlain. 

Lindsay Miller is 
currently a permit 
analyst with the VT 
DEC Lakes and Ponds 
Management and 
Protection Program. 
She helps landowners 
understand the 
regulations associated 
with development and use of Vermont’s lakes, 
and provides outreach on shoreland best 
management practices. Lindsay has an M.S. in 
Natural Resources from the University of 
Vermont, and enjoys gardening, running, and 
swimming in all types of water.   c

Need Help? Reach out to a 
NALMS Subject Matter Expert!
Sara Peel, NALMS Past President

Wonder whether that green plant that popped up on the other side 
of cove is invasive? Or better, curious what plant it is and how it may 
impact your recreational season or the fall fishing?  Has your association 
thought about working within your drainage basin or watershed? Need help 
laying out options for getting started? 

Considering adding a monitoring component to your lake management efforts? 
Should you start with the Secchi Dip-In or maybe hire someone to design a more robust 
program? Where and how do you submit the data and what does it mean? 

Or for those groups that have been working tirelessly to improve conditions around your lake or 
within your watershed -  stabilizing eroded areas along your shoreline, building relationships with your watershed farmers and landowners, 
working with shoreline residents to plant native buffers –  are you ready to consider working within the lake itself? NALMS’ Subject Matter 
Experts can help with these questions and more! 

What is a NALMS SME?
A NALMS subject matter expert (SME) is a Certified Lake Manager or Certified Lake Professional who can write and speak confidently about 
a topic based on education and firsthand experience. As certified members of NALMS, our subject matter experts have demonstrated a high 
level of education, training, and commitment to furthering the science and protection of lakes. This person can help you and your association 
on a specific topic on which they have firsthand experience or are considered an expert. SMEs have opted to join the NALMS Subject Matter 
Expert list and are willing to work with you and your association to provide this expertise without a motive for financial or other personal gain. 

Where to find SMEs?
The Subject Matter Expert list is online (https://www.nalms.org/subject-matter-experts/).  Our list includes in-lake and watershed 
management experts, people that focus on lake dredging and sediment management, water quality testing in your lake and watershed, help 
for fisheries and aquatic plant management questions and techniques. Several SMEs focus on algal blooms, nutrient sources and bloom 
mitigation and more. You can find experts on specific diatoms or algal species or those that focus more holistically on your whole lake or 
watershed.

Now What? 
Reach out to any of the experts included on NALMS SME list. Looking for expertise that is not included on the SME list? Reach out to Alyssa 
Anderson (aanderson@nalms.org), our Member Services Coordinator, and she will query our Certified Lake Managers and Certified Lake 
Professionals to identify an expert to provide assistance!

https://www.dontmovefirewood.org/
https://www.nalms.org/subject-matter-experts/
mailto:%28aanderson%40nalms.org?subject=
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& Julia Campbell
Student Corner
It Takes a Village: Citizen Scientists and Academics 
Come Together to Help Resolve a Pollution Debate

The pollution debate

Over the past two decades, 
freshwaters of rural southwest 
Nova Scotia (NS), Canada, have 

been the subject of a water quality debate. 
In 2009, some community members 
attributed algal blooms, cattail growth 
along streams, and nuisance gulls and flies 
to pollution from the region’s fur farming 
industry (Figure 1). The outcry prompted 
the local watershed organization, the 
Tusket River Environmental Protection 
Association (TREPA) (http://www.trepa.
com/), to begin a study of local lakes. The 
algal blooms appeared to be mostly 
cyanobacteria, which can be damaging to 
aquatic ecosystems, and toxic to many 
organisms, including humans. These rural 
lake systems are used for recreation and 
tourism, such as fishing tournaments and 
canoeing. Several of these lakes are also 
home to the unique and at-risk Atlantic 
Coastal Plains Flora. Algal blooms 
therefore threaten the cultural, 
environmental and economic resources 
that these freshwaters provide. 
 A staple of the region’s culture and 
economy, the Nova Scotian fur farming 
industry has been around since the early 
20th century (Figure 2). Production and 
profitability increased in the 1990s, when 
farms switched from smaller “mom-and-
pop businesses” to large-scale operations, 
primarily producing mink pelts. By 2013, 
pelts became the province’s second 
highest agricultural export. Waste 
byproducts of fur farming, mainly feces 
and carcasses, are nutrient-rich, and can 
fuel algal blooms if not properly managed. 
This has created a contentious situation 
between government regulators, mink 
farmers, and concerned citizens that has 
been covered by local and national news 
outlets. However, these rural lakes are 
also vulnerable to other potential human 

Figure 1. The excessive growth of cattails, an aquatic plant that is 
highly successful in nutrient-rich conditions, on the shoreline of a 
lake near mink farms.

activities, such 
as agriculture, 
forestry or 
mining, which 
can influence the 
water quality in 
complex ways 
(Korosi et al. 
2012). For 
example, lakes 
in southwestern 
Nova Scotia 
were especially 
sensitive to acid 
rain that peaked 
between 1970-
1990. Lake water 
quality and 
ecosystem 
function can also 
be negatively 
impacted by, for 
example, climate 
warming, 
extreme weather 
events and leaky 
septic systems. 
As such, it is 
important to 
understand 
potential sources 
of pollution over 
time; however, 
surface water 
quality monitoring data for this area are 
sparse.
 Fortunately, lake sediments provide a 
natural archive of environmental history. 
Paleolimnology is a science that involves 
the analysis of lake sediments for 
chemical, biological, and physical 
indicators preserved in dated sediment 
cores (Smol 2008). Documenting lake 
changes over time can lead to a better 
understanding of our long-term impacts 

on the environment and, importantly, lead 
to evidence-based mitigation, remediation, 
and management strategies. We are part of 
a team of scientists from five Canadian 
universities who are studying the 
limnology and sediments of lakes in 
southwest NS (Figure 3). However, our 
contributions would not be possible 
without previous efforts of stakeholders 
from the region, such as TREPA and 
concerned citizens. 

http://www.trepa.com/
http://www.trepa.com/
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Figure 2. The province of Nova Scotia in relation to rest of Canada. Red squares are the 
locations of fur farms and related properties (e.g., feed suppliers).

Figure 3. Jennifer Kissinger with a 
sediment core.

The pioneering role of citizen science
 As scientists, we are often “outsiders” 
to the community or environment we are 
studying. Citizen science is the 
participation from the public-at-large or 
community members in scientific projects. 
Citizen scientists often provide qualitative 

information from anecdotes and 
observations. Additionally, they can 
collect monitoring data at a high 
frequency or breadth that is not practical 
for other scientists. Research questions 
then become centered around issues the 
public finds meaningful and truly wants to 
see addressed. 
 As citizen scientists, residents of 
southwest Nova Scotia played a crucial 
role in this lake ecosystem health 
campaign. Community members provided 
safe access points to local lakes, suggested 
study sites of primary concern, and 
provided invaluable advice. TREPA 
provided citizen scientists with water 
sampling tools – for example, Secchi 
discs to measure water transparency, and 
pH probes. They also collected water 
samples for testing nutrient levels in the 
laboratory. They were able to sample and 
monitor the health of the lakes they live 
next to and care deeply about. For 
example, these sampling efforts showed 
that nutrients, which fuel algal blooms, 
were at least 100-fold above provincial 
averages in lakes near mink farms and 
decreased as a function of distance 
downstream from the mink farms (Stantec 
Consulting 2017).

Academic scientists fill in 
the gaps
 These water quality data 
are extremely informative, 
but only provide information 
back to 2008, decades after 
the escalation of the mink 
fur farming industry. Hence, 
the TREPA data cannot 
provide information on the 
baseline status of the lakes 
(Stantec Consulting 2017), 
and therefore cannot show 
when and how much these 
lakes have changed. Our 
paleolimnology team is 
analyzing sediments of 14 
lakes. Our study lakes 
include those identified of 
primary concern by TREPA, 
local community members, 
and other citizen scientists. 
Many of the study lakes 
have reports of algal blooms 
and are either near to or 

downstream of mink farms. We also 
selected a set of five additional lakes that 
are nearby but within watersheds without 
mink farming and other human activities. 
These are considered “reference systems” 
because they would not be expected to 
record impacts. However, they might still 
record impacts from climate change or 
acid rain. It is important to know how 
lakes in the region as a whole are 
changing to compare conditions in lakes 
near mink farms to regional freshwaters. 
 We are studying these lakes from 
multiple scientific vantage points. One 
research team is inspecting the watersheds 
of these lakes in a detailed modelling 
study to understand the hydrology and 
potential sources of runoff nutrients. 
Another university laboratory is tracking 
gull movement and behavior to determine 
if birds are transporting fur farm 
byproducts to distant nesting sites. The 
paleolimnologists on our team are 
analyzing indicators preserved in the 
dated sediment cores to reconstruct 
environmental change through time. Our 
records extend back to the 19th century or 
earlier, prior to any intensive land-use or 
climate change in the region. 
 One of our main goals is to track 
nutrient levels over time. To do this, we 
are examining diatoms, which are 
microscopic algae with siliceous cell 
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Figure 4. Microscope slides of a head capsule of a chironomid 
larvae, found in the sediments of our study lakes.

walls preserved in sediment for millennia. 
Certain diatom species in the sediment 
record are well-established indicators of 
nutrient pollution (Figure 4). Diatoms are 
also reliable indicators of other forms of 
pollution, such as acidification. For 
example, diatoms in sediment records 
provided evidence that played a role in the 
passing of the U.S. Clean Air Act in 1990, 
which was successful in reducing the 
release of contaminants that can acidify 
lakes. Further, chironomids (non-biting 
midges), common benthic invertebrates 
whose remains preserve well in the 
sediments, are good indicators of the 
dissolved oxygen content of a lake (Figure 
4). Because excess nutrients are often 
accompanied by a loss of hypolimnetic 
oxygen, these midges can be used to infer 
pollution trends. We can also infer how 
the ecology of a lake has changed by 
looking at a group of tiny crustaceans, the 
Cladocera. These invertebrates are 
sensitive to pollution, and their remains 
also preserve in sediment. As an important 
algal grazer, and food source for 
planktivorous fish, cladocerans provide 
evidence of food web change due to 
nutrient inputs and other anthropogenic 
stressors. 
 Certain chemical fossil indicators can 
provide a unique “fingerprint” of 
pollution. In this case, chemicals in fecal 
runoff are deposited in sediment and can 
be used to differentiate the presence of fur 
farm byproducts from that of human and 
other sources of nutrient inputs (e.g., 
agriculture). Specifically, we are 
analyzing isotopes of carbon and nitrogen 
and a suite of sterols (e.g., cholesterol). 
The chemical composition of sediments 
deposited over time will then be compared 
with the chemical signatures of samples 
of mink feces, mink feed, sewage runoff, 
as well as zooplankton and periphyton 
naturally present in the lake ecosystems. 
These chemical measures can also provide 
information about diet, origin, and 
position in the food web. As such, 
analyzing the specific isotopic and sterol 
fingerprints of a sample will allow us to 
identify and track nutrient sources. 
 Finally, our team is using 
geochemical techniques to track the 
amount of pollutants in the sediment 
records of lakes near mink farms. There is 
concern that fur farm byproducts might 
contain other pollutants, including 

mercury, heavy 
metals, and 
persistent organic 
pollutants (POPs), 
because captive 
mink are often fed 
fish from marine 
systems. In a 
process known as 
biomagnification, 
the concentration 
of pollutants 
increases at every 
trophic level 
within a food web. 
If plankton have 
low levels of the 
contaminant, 
small fish that eat 
the plankton 
would have much 
higher 
concentrations of 
a contaminant as 
they must 
consume large 
amounts of 
plankton to 
survive. 
Depending on the 
chemical and the 
organism 
involved, 
contaminants may be excreted in the feces 
or urine, or may be retained in the tissues. 
Although pollutants may not be present at 
levels of concern in the environment, 
because mink eat fish-based feed, 
contaminant levels may transfer to such a 
degree that they accumulate in the 
environment. Given the volume of mink 
reared by the industry, contaminant levels 
could potentially increase in lakes that are 
receiving runoff of fur farm byproducts. 

It takes a village
 These data, collected by both citizen 
and academic scientists, will provide a 
more complete picture of environmental 
change in lakes that are potentially 
impacted by many different stressors. 
However, it’s no easy task to accomplish a 
project that involves so many different 
collaborators, and especially when 
addressing a potentially contentious issue. 
There are two important factors that will 
make this project a success: 
communication and the leveraging of 

different skill sets. Communication is key 
in this challenge, because we are scientists 
living hundreds of miles from each other 
and from the study sites, and we are 
synchronizing information that comes 
from different scientific disciplines. 
Further, everyone involved has a specific 
expertise and perspective to contribute. 
From the beginning, community concerns 
have played a crucial role in igniting this 
research and describing the limnological 
context of the situation. On the other 
hand, the institutional backdrop of 
academia provides unique resources to 
conduct these studies in a way that can be 
peer reviewed by the scientific 
community. 
 The fur farming industry in NS is 
declining due to decreased global demand 
and other challenges. However, nutrients 
accumulate at the bottom of lakes and can 
be recycled in the ecosystem for centuries 
(Søndergaard et al. 2003). It is important 
to understand the extent that nutrients 
were released or continue to be released 
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methods. By utilizing molecular techniques, 
chemical fossils such as isotopes, sterol 
biomarkers, and sedimentary ancient DNA we 
can create a unique ‘fingerprint’ of nutrient 
inputs to the environment over time making it 
possible to discern human from other sources, 
such as animal or industrial, for hundreds of 
years to centuries. These methods can be 
applied to investigations of taphonomy, 
archaeology, and water pollution assessments. 
Jennifer is especially interested in citizen 
science and making citizens partners in the 
research process. She can be reached at 
Jennifer.kissinger@uottawa.ca

Julia Campbell is an 
M.Sc. candidate in 
biology at Mount Allison 
University, New 
Brunswick, Canada. She 
is carrying out her 
research at the 
Environmental Change 
and Aquatic 
Biomonitoring Lab (ECAB) under the 
supervision of Dr. Joshua Kurek. Her research 
uses insect remains in lake sediments to 
reconstruct environmental change in Nova 
Scotian lakes. Julia is interested in how citizen 
scientists and monitoring groups can work 
together to address water quality concerns. She 
can be reached at jmcampbell2@mta.ca.   c

from mink farms. Our data will track 
whether and how lakes have shifted from 
their baselines, and therefore which 
management strategies are the most 
feasible. Regardless of our final 
conclusions, it is clear industries that have 
the potential to pollute ecosystems should 
be provided with effective preventative 
regulations, as well as the resources to 
fulfill those regulations. Regular 
monitoring of lake ecosystems can help 
avoid pollution issues before they become 
unmanageable. 
 If you are noticing water quality 
issues, or any environmental degradation 
near your home or in outdoors places that 
you frequent, don’t stand by! Take 
pictures, record the date, and take notes. 
Get in contact with local environmental 
organizations or your local government. It 
is our duty to take care of aquatic 
environments. It might just be the citizen 
scientist in you that will result in 
scientifically-informed policies for 
environmental protection. 
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Jennifer Kissinger is a 
Ph.D. student at the 
University of Ottawa 
Department of Biology, 
Center for Advanced 
Center in Environmental 
Genomics (CAREG), 
under the supervision of 
Dr. Jules Blais. In a 
previous life she served as a forensic 
medicolegal death investigator in the USA as 
well as a researcher in the R&I departments of 
private companies dedicated to finding novel 
solutions to slow burn issues. Her research is 
focused on reconstructing human inputs to the 
environment through paleolimnological 

July is Lakes Appreciation Month!

You work and play on them.
You drink from them. 

But do you really appreciate them? 
Growing population, development, 

and invasive species stress your 
local lakes, ponds, and reservoirs. 

All life needs water; 
let’s not take it for granted!
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Get the big picture. 
EXO's dynamic range of smart 
sensors provide comprehensive 
multiparameter water quality data.

Love it and leave it. 
Be confident in your extended 
deployments thanks to EXO's 
tough materials and unmatched 
anti-fouling technology.

Do more and worry less. 
SmartQC ensures proper 
calibrations and top sensor 
performance.

Better data  
starts with 
better 
instruments.

+1 937.767.7241     •     800.897.4151 (US)     •     info@ysi.com

http://YSI.com/EXO
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YSI.com/ProSwap
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•  +1 937.767.7241     •     800.765.4974 (US)     •     info@ysi.com

Swap one smart sensor for another to transform ProSwap into whatever the job demands. 
Learn how YSI continues to revolutionize water quality sampling.

simple. flexible. reliable.
The industry-leading                                             meter

http://YSI.com/ProSwap
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