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The summer of 2019 at Trout Lake Station...

Has been the most magical few months of my entire life. It is 
the best job that I have ever had; combined with books such as 
Elizabeth Kolbert’s The Sixth Extinction: An Unnatural History 
and Edward Abbey’s Desert Solitaire, it has transformed me as 
both a writer and a person. Time seems to slow down up here 
in the Northwoods to allow me to enjoy the finer moments, such 
as soaking up sun from my kayak with eagles soaring nearby, 
hammocking with a paperback among the whispering pines, and 
sleeping at the edge of the lake with millions of stars glistening 
over my head. Of course, I have learned so much about limnology 
and all of the research that occurs here on station. Science, after 
all, is about exploring relationships: within the natural world, 
between living things, among the long-gone, of behavior, using 
observation, and so much more. It is about pushing the bounds 
of possibility beyond comfort zones. And that is exactly what 
occurred at this homely field research station just outside of 
Boulder Junction, Wisconsin throughout the summer of 2019. 
The following is a collection of research project narratives.   
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Lights, Camera, Action! 
Fishing in the Dark

A night out with the bass-walleye crew: Aly Andersen, Holly 
Embke, Levi Feucht, and Matt Chotlos 
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As the sun’s glowing orange 
bulb dips below a dark-
ened tree line on McDer-

mott Lake, four silhouettes fill a 
boat frame in the middle of the 
Iron County body of water. Center 
for Limnology Ph.D. student Holly 
Embke carefully points out safety 
features on the electrofishing boat 
to tech Aly Andersen while under-
grad Matt Chotlos prepares the 
livewell. Me? Well, I’m here to help 
scoop up temporarily-stunned fish. 
Tonight’s expedition has one main 
goal: remove all of the fish that we 
possibly can -- specifically centrar-
chid fish like bass and crappie who 
may feed on the eggs and fry of 
walleye. It is just one small part of a 
very intriguing, multi-year project.

Wisconsin’s northern lakes have 
experienced a decline in walleye 
populations in recent decades; Hol-
ly and her team (a mix of UW-Madi-
son undergrads, grad students, and 
recent grads) are manipulating an 
entire lake in an effort to create and 
study what conditions might make 
what they’re calling a “Safe-Op-
erating-Space” for walleye.

Now that the sky is nearing com-
plete darkness and everything on 
the boat is set up, we can begin. 
With Aly at the wheel, Holly re-
mains close by and flips on the
generator. The machine growls to 
life and is deafening but successful;

the three box lights at the bow and 
the two on both sides of the boat 
flicker on and cast a spotlight out 
onto the water. Aly steers us closer 
to shore while Matt guides me to the 
front of the boat, hands over a net at-
tached to a 20-foot pole, and gives a 
few pointers as we patiently wait be-
hind a pair of neon-yellow mats. He 
and I will maneuver the long landing 
nets to ladle out and remove fish. 

“Step on!” Aly instructs us over the 
din of the generator. With that sig-
nal, Matt and I step on to the mats 
and assume our optimal fish-catch-
ing positions. The pressure of our 
rubber boots on the mats activates 
the electrodes that are dangling into 
the water a few feet in front of us. 
Each group of five electrodes hangs 
from poles extended on either side of 
the bow. Looking like tentacles, the 
contraptions now have electricity 
flowing through them and will stun 
our target fish so that we can easily 
collect them. In order for the elec-
trodes to remain live, though, both 
of the mats need to have pressure 
on them. If one person steps off, they 
won’t work. Admittedly, I was a little 
worried, so these safety precautions 
(and long, insulated rubber gloves 
that we are wearing) are reassuring. 

As the water becomes shallow and 
the shoreline comes into view, fish 
slowly start appearing. Rock bass. 
Bluegill. Pumpkinseed. They float,

Matt Chotlos nets fish during 
an electrofishing excursion 

on McDermott Lake with the 
bass-walleye crew. 
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dazed for a few seconds. Matt expertly pushes his net towards the ones on his 
side while I scramble after a few that are floating along with the boat on my 
side. If the fish don’t end up in either of our nets, they shake off their temporary 
paralysis within the next minute and swim away unharmed, as if nothing ever 
happened. I struggle to keep up with the fish that are constantly materializing 
in front of us. “It’s okay,” Matt explains to me. “It is tricky gauging how deep they 
are. You don’t want to accidentally scoop up a net of muck from the bottom.” 

The boat continues its prowl along the first bay and my net slowly fills up. 
When I have a handful of fish in it I awkwardly swing it over my head -- des-
perately trying to avoid hitting anybody else with the end of the pole -- and 
eventually, plop my contents into the livewell. Filled with lake water, the small 
tank will temporarily hold our catch until the end of each run when we will 
then empty it and bag them all. Sometimes, Holly has to help me untangle 
the fish from my net. Matt, on the other hand, is a seasoned veteran and can 
harvest a load of fish and transfer them to the livewell in one swift motion. 

After nearly half of an hour, Holly cuts the generator. My shoul-
ders are grateful for the break -- finessing a 20-foot pole to gather up 
fish is more of a workout than one would think. Without the hum of

the generator, the only other noise on 
the lake is the constant buzz of mos-
quitoes in our ears and a few loons 
echoing to each other from across 
the water. Four headlamps now re-
place the large spotlights as our light 
source on the boat. Aly pulls out Zip-
loc bags and masking tape. “Bass 
first!” Holly calls out, holding a larg-
er bag towards Matt. While we sift 
through the new inhabitants of the 
livewell, the bass are separated from 
the others. The Ziploc bags fill up 
quickly until the livewell is eventual-
ly just lake water, muck, and floating 
debris. Taking care to mark the bags 
with the correct date, project, time, 
and run number, Aly packs them 
into a cooler at the back of the boat. 

When the livewell is completely 
emptied of fish, the four of us gath-
er back around Holly and crowd her 
clipboard. “I was thinking we would 
do two more bays tonight,” she sug-
gests. We agree and Aly navigates 
towards the next one while Holly 
and I switch positions. We motor 
towards a fallen log and the team 
points out a little red buoy that is 
measuring the lake’s temperature 
and other vital data. Slowly passing 
somebody’s dock, I ask Matt what 
the people living here on McDermott 
think about their research. “Usual-
ly, they are pretty interested. This 
guy here is nice and was actually 
building a new deck last year,” Matt 
grins as he remembers and points 
up past the trees. Then he adds,

“It is really great when homeowners 
want to discuss the project with us!” 

Beginning our second run now, I 
step back behind Aly and the lights 
come on with her flip of the gener-
ator switch. “Step on!” Aly firmly 
directs the two netters, correspond-
ingly pressing ‘start’ on her stop-
watch. We will repeat the entire 
process twice more so that every 
one of the three runs ranges some-
where from 20 to 30 minutes each. 
Now in its third year, the team has 
taken over 85,000 fish from Mc-
Dermott Lake. Holly has been with 
it since the beginning, as has Matt. 
He helped Holly with the initial mon-
itoring phase in 2017 -- no wonder 
he is such a master at this! Aly, on 
the other hand, is in her first sum-
mer with the bass-walleye crew. It 
isn’t her first summer at Trout Lake 
Station, though. The past two sum-
mers she has worked on a different 
project and is no stranger to Wiscon-
sin’s Northwoods. Levi, their fourth 
team member, has been with the 
bass-walleye crew for the past two 
years. Tonight, he is just a few miles 
away at Sandy Beach Lake with 
a group from UW-Stevens Point. 
They are electrofishing on the proj-
ect’s control lake - working on get-
ting population estimates. The vast 
majority of the fish that they net are 
returned immediately into the lake. 
A few of each species, however, are 
kept for processing in order to get 
baseline information about the fish.



8 9

Here at McDermott Lake, we finish 
our last run through the third bay 
before heading towards the boat 
landing. The electrodes are removed 
from their respective poles and 
stowed away for the 45-minute drive 
home to Trout Lake Station. Back in 
the truck, the team passes around 
a bag of chocolate chips and we 
discuss the excursion. “Did we get 
more or less fish tonight than what 
you were expecting?” I question 
Holly. “Honestly, with this being our 
first nighttime outing of the season I 
wasn’t sure,” she admits as she pops 
a semi-sweet morsel into her mouth. 
“But I am pretty happy with the num-
ber of fish that we caught tonight.” 

Overall, getting lake water splashed 
into my eyes by frisky bluegill in 
the pitch dark wasn’t exactly how I 
pictured myself spending the first 
Thursday night in the Northwoods. 
But it was fun and I wouldn’t trade 
it for the world. I was more than 
ready to jump out into the field and 
experience their research, especially 
when each team member is just as 
enthusiastic about their project as 
the next is. Not only is the bass-wall-
eye crew collecting fish during these 
moonlit adventures, but they are go-
ing out during the day to empty their 
clover traps and fyke nets that are 
set up throughout McDermott Lake. 
A certain number and size of each 
species of fish filling the Ziploc bags 
will be dissected back in the lab to 
get more baseline information; the

remaining are donated to wildlife 
refuges across the state. Hopeful-
ly, these fish and the data that they 
have accumulated can help answer 
some questions. And, just maybe, by 
removing them, Holly and her team 
are helping walleye populations in 
McDermott bounce back. For now, 
though, the lakes will continue to 
be monitored by Holly and her team 
all summer long, searching for ex-
planations that might help solve 
why walleye populations are de-
clining here in the Northwoods and 
suggest ways we can protect them.

By the Bright, Shining 
Light of the Moon

Carter Rushlow, Levi Feucht, Aly 
Andersen, and Matt Chotlos process 
fish collected from McDermott Lake. 

Aly Andersen connects electrodes 
to the electrofishing boat before de-
parting on their nighttime excursion. 

Sampling with the duo who studies zooplankton 
and the lunar cycle:  Julia Buskirk and Gretchen Gerrish 
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Click. Click. Click. In the base-
ment of Trout Lake Station’s 
main lab, station director 

Gretchen Gerrish and her under-
grad Julia Buskirk are busy tallying 
zooplankton. These tiny crustaceans 
are related to crabs and shrimp, and 
each tap on the counting device rep-
resents one microscopic animal in a 
variety of categories -- Calanoid, Cy-
clopoid, Daphnia, Rotifer, or juvenile 
Copepod. By identifying these plank-
tonic crustaceans, Gretchen and Ju-
lia are hoping to determine the lu-
nar cycle’s effect on the migration 
patterns of zooplankton. Basically, 
they are studying whether the way 
that zooplankton travel in lakes is 
influenced by the light of the moon. 
In the optimistic words of Julia: “We 
think that zooplankton migration 
will be affected by the lunar cycle.” 

Diel vertical migration is the daily 
coordinated passage of zooplank-
ton, rising up to the surface at night 
to feed and sinking back towards 
the bottom during the day. Zoo-
plankton are the key link in the re-
lationship between algae and fish 
in the food web. Algae convert sun-
light to energy,  bringing it into the 
ecosystem, and zooplankton then 
eat the algae, passing that energy 
on to the fish that then eat them. 

Fish are visual predators, so when 
the sun goes down the zooplank-
ton come up since they’re less likely

to be spotted. Gretchen says that 
their hypothesis is that when there 
is a new moon it will be darker so 
the zooplankton will be up higher 
near the surface of the lake to feed 
on the algae there; inversely, later 
in the moon cycle when it is near-
ing a full moon, it will be brighter 
and therefore the zooplankton will 
stay hidden lower down in the lake. 

Similarly, zooplankton in marine 
ecosystems around the globe have 
been shown to travel according to 
the lunar cycle. In fact, “Diel vertical 
migration is one of the largest migra-
tions in the world by biomass,” Julia 
explains. Beaming, she illustrates 
the significance of their project here 
in the Northwoods, “And that is why 
this is important!” The results of the 
data collected at Crystal Lake by 
Gretchen and Julia could open many 
doors for future studies because the 
lunar cycle is an often overlooked 
source of variation in natural systems. 

In order to collect their data, the pair 
are commuting to nearby Crystal 
Lake every other night during one lu-
nar cycle -- new moon to new moon. 
On these 15 trips, Gretchen and Ju-
lia are performing meter readings 
and using a Schindler trap to gather 
zooplankton samples that they bring 
back to the lab. I tagged along for 
a few of their moonlit adventures. 

Before we even got out onto the

Julia Buskirk spends time in 
the lab identifing and tallying 

zooplankton collected from 
nearby Crystal Lake. 
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water, a few curious campers used the last of the sun’s setting rays to ask 
us what we UW-Madison folks do here so late in the day. After gladly ex-
plaining the project to them, we finished loading the boat up with the tools 
needed for a successful night of sampling: lifejackets, oars, the boat plug 
(arguably, the most important), a Schindler trap, water probe and read-
er in a bucket, and a cooler filled with a variety of collection vials, etha-
nol, a funnel, distilled water, flashlight, and tape. On other nights when the 
weather is less favorable (aka raining sideways and windier than Torna-
do Alley) we also bring along gear like rainjackets and waterproof bags.

But this night was gorgeous. Calm. 
The moon was just a sliver as it rose 
over the treeline of Crystal Lake. 
The squeak of the oars and the trill 
of hundreds of frogs were the only 
sounds echoing across the water. As 
Julia rowed us towards a white buoy 
-- marking the deepest part in the lake 
-- Gretchen meticulously unraveled 
the water probe, which she then used 
to take temperature and dissolved 
oxygen readings. The two women 
took measurements at every meter 
for the entire depth of the lake, about 
21 measurements in all. It made me 
grateful for the warm wind blowing 
on my face: at the surface, the water 
temperature was a balmy ~20 C (68 
F) but near the bottom, it dropped 
drastically to about ~5 C (41 F). 

After meter readings, we enjoyed 
a few minutes of relaxation during 
nautical twilight, the phase when 
both the horizon and brighter stars 
are visible. As the umbrella of twin-
kling pinpricks of light over our head 
gradually increased their abundance, 
Gretchen switched on a red flash-
light. “We use red light because most 
zooplankton cannot see it. Red light 
doesn’t travel far in water so most 
aquatic organisms never evolved 
the ability to see red wavelengths of 
light.,” Gretchen answered my quiz-
zical glance. “That way it doesn’t 
impact them like a normal flash-
light might. Also, our own eyes don’t 
need to readjust after looking at it!” 

Zooplankton sampling officially be-
gan fifteen minutes after the tran-
sition to astronomical twilight. As 
her watch neared half-past 10, Ju-
lia lifted the bulky Schindler trap 
and double-checked that everything 
was on correctly. She then lowered 
the meter-long box until the desired 
depth, then stopped it abruptly and 
quickly brought it back up. The clear 
container allows scientists to cap-
ture a snapshot of the water at the 
place that it is stopped. On one side, 
the Schindler trap also has a long, 
thin, filtering net. It resembles an 
elephant’s trunk. By tilting the box 
over the side of the boat once it is 
back up, the cubic meter of lake 
water that Julia “captured” down 
below drains through the net and 
leaves just the zooplankton behind. 

Julia took five samples, at 1-2 m, 5-6 
m, 9-10 m, 13-14 m, and 17-18 m. 
I could practically see her shoul-
ders getting toned as she worked 
to raise and lower the bulky trap 
over and over again. After each trip 
that the Schindler trap took into 
the depths of the lake, Julia emptied 
the zooplankton. Gretchen held a 
funnel over the small bottles, and 
Julia would first rinse the net with 
distilled water before using an eth-
anol solution to respectfully pre-
serve the zooplankton for further 
study back at the lab. The cooler 
on our little rowboat filled quick-
ly with red-illuminated samples. 
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Back in the lab, Julia and Gretchen 
begin the long process of separating, 
identifying, and counting the zoo-
plankton. The pair use microscopes 
and pipettes to methodically work 
through each sample bottle emp-
tied into a gridded tray. Click. Click. 
“Two Daphnia in one square!” Julia 
hoots. Better known as common wa-
ter fleas, the crustaceans resemble 
tiny, pregnant aliens under the harsh 
glare of the microscope’s beam. 
“Want to see a Calanoid?” Gretch-
en motions me over to her station, 
pointing out the long, recognizable 
antennae. “Here’s a Cyclopoid!” Julia 
ushers me back to hers. Grinning, 
she proudly demonstrates her new-
ly acquired ID-ing skills, indicating 
the zooplankton’s short antennae. I 
spend a few hours bouncing around 
their workspace, admiring their 
dedication to these tiny creatures. 

By the end of their lunar cycle in a few 
weeks, the pair will have 75 bottles 
to process. It will keep them busy for 
the rest of the summer. After collect-
ing all of the data, Julia will work to 
import it into Excel. Then, she and 
Gretchen can see if there is a cor-
relation between the zooplankton’s 
vertical migration and the lunar cy-
cle. “This should tell us how high up 
they are in the water column based 
on where the moon is in its cycle,” Ju-
lia says, hopeful that this project will 
shed some bright shining light onto 
this unexplored area of zooplankton’s 
relationship with the lunar cycle. 

Julia Buskirk rows towards the 
deepest point of Crystal Lake in or-
der to collect zooplankton samples. 

Gretchen Gerrish and Julia Bu-
skirk collect zooplankton sam-
ples using Schindler traps under 
the watchful eye of a rising moon. 

After collecting all of their zoo-
plankton samples, Julia works 
diligently to identify and tally all 
of the microscopic creatures.

More than Just Muck
A day out on the lake with a macroinvertebrate 

collector: Danielle Matuszak 
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Near the whispering weeds 
along a shallow shoreline in 
Vilas County, summer un-

dergrad intern Danielle Matuszak is 
skillfully scooping up muck from the 
bottom of Diamond Lake. Holding 
her homemade sampling square in 
place with one of her wader boots, 
she systematically drags a net back 
and forth around her feet. A few ju-
venile bluegills look on from behind 
a felled log with curiosity. As do I. 
After a few minutes, Danielle lifts 
up the pink-flagged PVC tubing and 
steps carefully back towards our 
boat. “Look! Dragonfly larvae,” she 
beams. Inside of the net, amid a va-
riety of leaves, rocks and other lake 
debris, lie her independent project 
for the summer: macroinvertebrates. 

Macroinvertebrates are, essential-
ly, all of the spineless organisms 
living in a lake that, though small, 
are large enough to be seen with 
the naked eye. They include things 
like snails and water beetles and 
leeches. A rising senior at St. Nor-
bert College, Danielle is majoring 
in Environmental Science with a 
Biology minor. For the summer, she 
is working at Trout Lake Station 
on North Temperate Lakes Long-
Term Ecological Research. She is 
also conducting research of her 
own. Danielle is collecting sam-
ples from seven different lakes in 
the Northwoods: three classified 
as disturbed, three as undisturbed, 
and one a wild card. The main goal

of her analysis is to look at the spe-
cies diversity and population density 
of macroinvertebrate communities 
in the lakes. Additionally, Danielle 
has hopes of evaluating the criteria 
for human disturbance and then 
determining which category the 
wild card lake should belong in. 

The sun warms our backs as we 
steady the boat against a slender 
pine. While Danielle was braving the 
still-frigid waters in waders to get 
the sample, her mentor, Pam Montz, 
retrieved the GPS coordinates of 
our location from a hand-held de-
vice. Now the two work together 
to rinse the net of sand into a tray 
before transferring its contents to a 
Ziploc bag. This is the third and fi-
nal sampling site that Danielle has 
chosen for Diamond Lake. Each of 
the seven lakes will be sampled at 
three locations around the perim-
eter -- making for a full cooler of 
21 floppy, water-filled Ziploc bags. 

With clipboard in hand, Danielle 
points towards the boat landing. 
Following her directions, Pam tilts 
the outboard motor and we begin 
skimming over waves as we head 
back. On Danielle’s clipboard, a 
contour map of each lake is scrib-
bled with notes about the sampling 
sites. The one that we are finishing 
up on now, Diamond Lake, is con-
sidered disturbed. This means that, 
based on the number of docks and 
houses on the waterfront, there is

Danielle Matuszak carefully 
cleans out a sample of 

macroinvertebrates that 
she collected from the 

bottom of the lake.  
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a large amount of anthropogenic 
activity. Contrastingly, Danielle tells 
me, “An undisturbed lake typically 
has minimal to no human develop-
ment on it -- no docks, no houses.” 

Along with Diamond Lake, the oth-
er two disturbed bodies of water 
are Vandercook Lake and Arrow-
head Lake. We will be doing these 
three today on the big boat. Tomor-
row, Danielle and Pam will portage 
a small canoe to the three undis-
turbed lakes: Little Bass, Prong, and 
Firefly. That leaves Crystal Lake as 
the wild card. “It has no actual de-
velopment, but there is lots of activ-
ity with a campground and human 
traffic on the lake,” Danielle clari-
fies. All seven of the lakes that she 
has selected for her independent 
project are sandy bottom seepage 
lakes. That means that they do not 
have an inlet or outlet source of wa-
ter (like a stream), which typically 
leads to fewer nutrients compared 
to other lakes. Seepage lakes are 
the most common type in the state. 

Back at Trout Lake Station, Dan-
ielle sits patiently under a magni-
fying lamp in the basement. Like a 
dentist, tools are splayed out in front 
of her. She selects forceps from her 
collection of small glass jars, Pe-
tri dishes, and a variety of other in-
struments. Squinting at the shallow 
tray filled with the contents of one 
Ziploc bag, Danielle carefully picks 
up a tiny, aquatic worm and places

the blood-orange colored macroin-
vertebrate into its own container. A 
few seconds later she cheers, while 
chasing another creature with a pi-
pette, “A scud -- he’s fast!” This is part 
one of twenty-one in her journey to 
process the live samples: dumping a 
new Ziploc bag in the tray, removing 
all macroinvertebrates, categorizing 
them, and later identifying the crea-
tures in order to gather her data. 

In addition to looking at the mac-
roinvertebrate species diversity 
and population density, the distur-
bance criteria, and the categoriza-
tion of Crystal Lake, the findings 
from Danielle’s research could be 
indicative of the water quality. Biol-
ogists often use different species of 
macroinvertebrates as indicators 
of conditions in a waterbody. Some 
species can live nearly anywhere, 
while others can only handle the 
highest water quality. This means 
that the muck Danielle collects from 
the bottoms of Northwoods lakes is 
much more than it seems - it is ac-
tually filled with cool critters that 
can help Danielle and the rest of us 
learn more about the lakes that we 
all enjoy and care about so much!

Danielle Matuszak  
sorts through her 

macroinvertebrate samples 
to identify and quantify all 

of the creatures.   
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Chemistry (and Citizen 
Science) is Cool!
Sampling from the boats of local 
homeowners with chemist:  Amber White 

From the edge of a dock on Ea-
gle Lake, UW-Madison grad 
student Amber White waves 

to a passing pontoon boat. In it are 
two members of the Pike Chain of 
Lakes Association who are on their 
way to collect water samples. Seven 
days ago, an herbicide known as 2,4-
D was applied to a variety of lakes 
in the chain -- two received a “whole-
lake” dose of the chemical and three 
others got spot treatments  -- in 
an effort to eradicate the invasive 
aquatic plant, Eurasian watermil-
foil. Now, waves gently roll to shore 
as the pair of men turn a corner and 
disappear from view behind some 
tall pines near the shore. Amber 
is here to do sampling of her own 
(with the help of a few local home-
owners) so that she can study how 
long it takes the recently-adminis-
tered herbicide to degrade or break 
down enough to be harmless. Not 
only is she studying the Pike Chain 
lakes here in Bayfield County, but 
she is also doing the same thing at 
Random Lake in Sheboygan County, 
Round Lake in Sawyer County, and 
Pleasant Lake in Walworth County. 

As a doctoral student and NSF 
Graduate Research Fellow in the 
Environmental Chemistry and 
Technology program at UW-Mad-
ison, Amber utilizes both photo-
chemical and microbial process-
es to investigate lakes across the 
state that have received whole-lake 
herbicide treatments. In other

words, she looks at how exposure to 
the sun or assorted microbes break 
down these weed-killing chemicals. 
It’s research that requires knowl-
edge in a lot of different disciplines. 
“I walk a fine line,” she confess-
es with a laugh. “I am not sure if I 
would consider myself a chemist, 
limnologist, microbiologist, or may-
be even an environmental engineer!” 

Amber’s current project highlights 
a unique collaboration between the 
University of Wisconsin, the Wis-
consin Department of Natural Re-
sources, and numerous lake associ-
ations across the state. For well over 
a decade, Eurasian watermilfoil has 
caused problems for the Pike Chain. 
The aquatic invasive species is un-
fortunately very common around 
Wisconsin and forms large, floating 
mats on the surface of the water that 
both prevents sunlight from reaching 
native species and interferes with 
human boat traffic (not to mention 
the countless snagged fishing lines!).  

To combat the plant’s takeover, the 
Pike Chain of Lakes Association cre-
ated a treatment plan that includes 
using the 2,4-D herbicide which has 
been shown to be effective in treat-
ing Eurasian watermilfoil patches. 
However, 2,4-D is known to linger 
in lakes after it has been applied -- 
for hundreds of days, in some cas-
es. Therefore, the DNR requires the 
Pike Chain of Lakes Association to 
monitor the water after application.
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Additionally, Amber is doing a separate, complementary, assessment of 2,4-D deg-
radation this summer. In the fall, the data from the field will be coupled with her 
laboratory experiments to look at photochemical versus microbial breakdown.
In order to obtain samples, Amber spends a large portion of her time driving be-
tween Trout Lake Station and Iron River, well over four-hours roundtrip. Because 
of the long commute, she only travels on certain days following the application 
of 2,4-D. The other days are when citizen scientists play a vital role -- generous

Today, seven days post-application, 
we began under the bridge between 
Eagle Lake and Twin Bear Lake. 
Not originally one of the sampling 
sites, Amber admits that she “add-
ed a few more spots around the 
shores and at some of the outlets 
and inlets.” By having that addition-
al data, she can get a better idea of 
how the 2,4-D may be moving from 
lake to lake throughout the chain. 
Depending on each sampling site’s 
location, Amber gathers a little bit 
different material. It ranges from 
jugs of water to sediment cores to 
temperature readings and more. Of-
tentimes, she suits up in her waders 
and gets mud up to her elbows. With 
today being well into her collection 
series, Amber has now streamlined 
her process by completing much 
of the initial filtering right on site. 

But, once Amber gets these samples 
back in the lab, she still has hours of 
work to do. Each of her six, 2.5-gal-
lon containers of lake water needs to 
be filtered using a pressurized per-
istaltic pump. In the words of Am-
ber: “This is the way less glamorous 
part of the job.” But, it is the most 
crucial. First, she primes the tubing 
by cleaning each tube with applica-
tions of 150 mL of acid, then extra 
purified water called MilliQ and, fi-
nally, lake water. Then, Amber runs 
her samples through a filter until ev-
ery last one becomes full, resulting 
in about 1,000 mL of water going 

through each. Seeing as each pump
can only do ~33 mL per minute, this 
process takes her quite a while and 
can be very tiresome after a long day 
out in the field (thank God for fuel, in 
the form of Culver’s french fries and 
custard!). The multitude of problems 
that can (and do) go wrong -- such 
as leaking tubes, overfilling jars, 
and malfunctioning pumps -- sure 
doesn’t help. But, when the filters 
are full, Amber can then finally crack 
them open to extract all of the DNA. 

She is looking specifically for the 
abundance of a certain gene, tfdA, 
which is associated with breaking 
down 2,4-D. If there is a great deal 
of it, that means that a lot of the 
bacteria there have the ability to 
degrade the herbicide. Amber then 
will be able to see if there are high-
er levels of the gene in lakes being 
treated with the herbicide instead of 
lakes not being treated with it. The 
challenge of using 2,4-D to treat Eur-
asian watermilfoil is all about bal-
ance. The chemical needs to remain 
in the water long enough to treat the 
invasive watermilfoil, but not too 
long because it can then negative-
ly affect other plants. Results from 
Amber’s research will prove advan-
tageous to lakes affected by the inva-
sive aquatic plant, like those in the 
Pike Chain. And, of course, it just 
goes to show the invaluable role that 
all of the citizen scientists -- aka local 
homeowners -- play in this project!

homeowners fill small tubes (hold-
ing one tablespoon of lake water 
each) every day from their backyards. 
These residents on the Pike Chain, 
and around the state, have proved 
invaluable, not only in collecting wa-
ter samples from their docks when 
Amber is absent but in taking her out 
in their personal boats to the sam-
pling sites on the days that she does 
visit. “I honestly don’t know what I 
would do without all of their help,” 
Amber says about these enthusiastic 
homeowners who love to tag along 
on the boat during sampling runs.
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Catching up 
with the 
Crayfish 

Crew
Wading through 

streams with visiting 
Florida scientists:  

Bana Kabalan and 
Alexis Moyle 

On the shoulder of a back-
country road in Price County, 
researchers Bana Kabalan 

and Alexis Moyle splash through 
a stream. The occasional curious 
car slows down to see what the two 
young women covered in mosquito 
netting and waders are doing at the 
bottom of the ditch. In Bana and Alex-
is’s hands are orange porcelain tiles 
with invasive rusty crayfish attached 
to them via small barrel snap swiv-
els. This bizarre scene -- buckets and 
coolers strewn alongside a nonde-
script, white van parked in the street 
-- is nothing new for the Florida duo; 
they have been doing it around the 
country nearly every day since May to 
study behavioral variation between 
invasive and native crayfish species. 

Hailing from the University of Flor-
ida in Gainesville, this is Bana and 
Alexis’s third stop of five. The pair 
first began in Ohio, went to North 
Carolina, and will travel down to 
stops in central and southern Illi-
nois when they are done here in 
the Northwoods. By comparing the 
behavior of crayfish at different lat-
itudes, grad student Bana and un-
dergrad Alexis hope to see if there 
is an effect on how a stream ecosys-
tem functions with the invaders and 
also if they can detect any predict-
ability associated with differences 
in local and regional environmental 
characteristics. This involves a vari-
ety of observations, measurements,

and experiments both out in the 
field and back in the lab. The data 
that the two accumulate will con-
nect organismal-level crayfish be-
havior to whole-scale, ecosystem 
dynamics. It may also predict how 
crayfish and their habitats will be 
influenced by a changing climate. 

Crayfish are important because, be-
sides being a favorite food for bass, 
they break down organic matter and 
help cycle nutrients through the eco-
system. The decomposers “are like 
mushrooms, but in water,” Bana 
explains as she patiently shows 
me how to pick up the crustaceans 
without getting a finger pinched. In 
Wisconsin, there are eight known 
species in the state. The ‘rusties’, as 
Bana and Alexis call them, are the 
only invasive variety up here. Rusties 
are an ecological threat because they 
push out native crayfish and mow 
down aquatic plants, which leads to 
a landslide of other negative effects. 
“They just take over and are very 
aggressive,” Alexis confirms while 
setting out three bottles of super 
glue and a handful of paper towels 
in the wet lab of Trout Lake Station. 

The Florida girls began earlier this 
morning by preparing 40 crayfish 
-- 20 females and 20 males -- for a 
predation experiment to study lo-
cal environmental variables. This, 
although just one of many pieces 
in their project, meant a few hours 
of gluing small barrel snap swivels
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to the rusties that Bana and Alex-
is had collected yesterday from the 
same sampling site. I have to ad-
mit: trying to glue minuscule metal 
pieces to the back of a wiggling and 
wet crustacean is not as easy as one 
might think! After attaching the swiv-
els to the crayfish, we identified each 
one’s biological sex  (a skill I never 
knew I needed) and placed them 
in an aerated container for trans-
port to the site, an hour and a half 
away. With Bon Iver’s voice keep-
ing us company, the three of us and 
our 40 rusties journeyed to Price 
County to begin the predation study. 

For this specific part of the project, 
Bana and Alexis place the tiles -- with 
crayfish attached -- into two pools 
(slower, uninterrupted areas of a 
stream) and two riffles (faster, rocky 
areas of a stream). This happens af-
ter floating down the creek with all of 
the supplies in waders and mosqui-
to-combative gear. Bana clips each 
crayfish onto a tile while measuring 
its carapace length (the dorsal sec-
tion of its body), taking note of its 
sex, and calling out the tile’s number 
to Alexis. Then, Alexis places them 
in their respective pool or riffle and 
measures the depth of the stream 
at each point. The crayfish tiles get 
left in the water for 24 hours, but 
we will come back to check on them 
after two hours. This is because, as 
Bana reveals, “In Ohio, they were 
getting eaten within about 25 min-
utes and we didn’t want to have

100% predation. So, now we do two 
different time sources.” Common-
ly, predators such as smallmouth 
bass eat the crayfish pretty quickly. 
 
In the meantime, Bana and Alex-
is have a variety of other tasks to 
do: measure photosynthesis in the 
stream, collect rocks to scrub back 
in the lab, check dissolved oxygen 
levels, look at resource availability, 
and more. No wonder they easily put 
in over 40 hours a week! And with 
the hot sun blaring down on us, I find 
it even more difficult to imagine how 
they do this day after day without just 
jumping in the tempting, refreshing 
water and swimming the entire time 
instead. But as an inquisitive truck 
from a nearby farm slows down 
to ask what we are doing, it makes 
the Florida duo’s research seem 
even more important. Like a proud 
mom, my heart swells as the two ex-
plain their project to the passerby. 

Unfortunately for all of us here at 
Trout Lake Station, Bana and Alexis 
can’t stay in Wisconsin forever. After 
finishing the last of their sampling 
sites next week, they will be moving 
on to lower latitudes to study more 
rusties. But Illinois and, eventually, 
the sunshine state will be lucky to 
have the crayfish-loving pair. There 
is nobody who has more enthusi-
asm for the water mushrooms than 
grad student Bana -- who will con-
tinue to study these crustaceans for 
the next two years for her Master’s

Alexis Moyle places 
tiles with rusty 

crayfish into a stream 
in Price County to 

study the predation of 
the invasive species.   
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-- and her hardworking undergrad 
Alexis. Researching the behavior of 
invasive crayfish to compare to native 
ones has widespread implications 
for more than just the crustaceans 
themselves, but also for relation-
ships with the local streams and the 
even larger environment; the visiting 
Florida scientists are proof of that.

Sampling 
Trees by 

Shooting 
Leaves

Bana Kabalan and Alexis Moyle 
work in all kinds of weather to study 
the crayfish in Wisconsin’s streams.  

These rusty crayfish had swivels at-
tached to their backs with superglue. 
The swivels then get hooked onto 
the tiles and placed in streams to 
study the predation of the invasives.

A collection frenzy with 
tree experts: Dom Ciruzzi 

and Mike Krellwitz 
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It is nearly 3 am and the only 
sound besides branches snap-
ping under the feet of undergrad 

Mike Krellwitz and recent grad Ella 
Norris is the occasional echo of 
an owl. We traipse blindly into the 
woods with leaf-collecting supplies 
in hand: a slingshot, rocks, coolers, 
datasheets, Ziploc bags, Sharp-
ie, headlamps, and spotlight. With 
minimal moonlight reaching us 
through the thick tree canopy, I am 
thankful that Mike is more familiar 
with the local forest than he is with 
the back of his own hand. Our goal 
-- along with two other leaf-hunting 
groups -- in the two and a half hours 
until sunrise is to gather leaves 
from all 43 trees that grad student 
Dom Ciruzzi and his undergrad 
Mike have carefully chosen, tagged, 
and been studying all summer. 

Split between four different sites, 
the red pine, bigtooth aspen, red ma-
ple, and red oak trees represent lo-
cations of both shallow (3-9 ft) and 
deep (>15 ft) groundwater. Dom, a 
Ph.D. candidate in the Geological 
Engineering program at UW-Mad-
ison, is analyzing how these trees 
in temperate forests utilize that 
groundwater in response to drought. 
This is done by comparing the water 
content at pre-dawn to midday -- just 
one part of many in today’s escapade 
(a plane flyover and pressure bombs 
will come later) and an even smaller 
chunk of Dom’s overall research. He 
also ties Fitbit-type devices around

trees to monitor their sway, obtains 
tree cores to calculate basal area 
growth indexes, and participates 
in a variety of other hydroecology 
projects. By combining all of these 
areas -- and with a little bit of big 
dreaming -- Dom hopes to eventually 
“pinpoint which trees are most vul-
nerable to negative drought impacts 
so that we can have a more focused 
approach to forest management 
strategies by understanding the role 
of groundwater as a buffering eco-
system attribute during drought.” 

But today, we are concentrated on 
looking at the water content of the 
43 pre-selected trees. It corresponds 
with a flyover that will occur when 
we are out conducting our second 
round of sampling near midday. A 
high-speed plane carrying a high-
tech sensor will fly up from Madison 
to take high-resolution aerial images 
of Dom’s trees. The sensor measures 
the absorbance and reflectance of 
light at many different wavelengths 
-- both over the entire visible spec-
trum and even into the infrared one. 
The trees, depending on how much 
or little water they have, will give off 
different patterns so that the water 
content of trees can later be inter-
preted from the images. The data 
collected from the sampling on the 
ground will be compared to the sen-
sor’s photos to see the accuracy. “Its 
applications are very broad,” under-
grad Mike explains. “But it provides 
us with very precise measurements

Dom Ciruzzi and 
Mike Krellwitz pose 
next to some of the 

supplies that they use 
to monitor trees.   
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that can be used to look at 
how the forest is functioning.” 

Now, a little bit after 3 am, Mike and 
Ella have shot down leaves from a 
handful of the necessary trees. In 
this pre-dawn sampling, they use 
slingshots because it is virtually im-
possible to reach the leaves 70-80 
ft up any other way in the dark; for 
the midday sampling, guns will be 
used to shoot down the leaves from 
the top of the tree canopy. After fol-
lowing their path to the forest floor 
with a flashlight beam, we careful-
ly examine the leaves for signs of 
damage. If they have holes or in-
complete petioles (stems), we can’t 
use them; but if they are fully intact 
they get placed into a Ziploc labeled 
with the precise time and number of 
leaves. One of us then blows into it 
in order to keep as much moisture 
in the bag as possible: an attempt 
to delay water loss in its transport 
back to the lab. The reason that we 
set alarms for this ungodly hour of 
the morning is to capture the leaves 
as close to dawn -- and, therefore, as 
close to its real water content -- as 
possible. At night trees close their 
stomata, like a dam blocking water 
transport, and in the morning open 
the stomata back up again, letting 
the water flow through with no dam. 
We couldn’t have sampled early last 
night then, for example, because 
after the sun sets the temperature 
is still fluctuating and so the wa-
ter doesn’t reach its equilibrium

between the ground and the tree un-
til right before the sun comes back up 
again. Bingo, for Dom and his team! 

With the cooler full of puffed-up leaf-
bags, it is my turn to shine. I play a 
crucial role: transporting the fresh 
leaves to Dom in the lab. If I am be-
ing honest (and, perhaps, a bit dra-
matic), the cooler sitting shotgun in 
my car filled with time-sensitive ob-
jects makes me feel as if I am partic-
ipating in an organ transplant, like a 
Grey’s Anatomy-esque scene. Back 
at Trout Lake Station, Dom’s advi-
sor Steve Loheide, colleague Arthur 
Ryzak, and fellow grad student Wil-
liam Avery are all here from Madi-
son to help. The scene is a flurry of 
numbers being called out and leaves 
being passed from machine to ma-
chine. All samples must be pres-
sure-bombed within about an hour 
of collection, which explains the rush 
as the minute hand inches forward. 

Starting in on the new samples that 
I brought in, Steve is busy bent over 
the pressure chamber with a mag-
nifying lens. He inches the dial for-
ward to increase the nitrogen being 
pumped into the cylinder, waiting 
patiently for a little white bubble to 
come out of the leaf’s petiole. When 
it finally does, Steve pauses to check 
the reading on the meter in time to 
call out “five!” before releasing the 
pressure -- a big whoosh coming out 
from the chamber. All of the data 
is carefully recorded by William

Steve Loheide 
carefully measures a 

leaf in the pressure 
chamber to determine 

its water content.



34 35

nearby. At five bar, this specific leaf’s 
water pressure -- a red maple -- has 
equilibrated with the pressure cham-
ber. The more water in a leaf, the less 
pressure is required to push the white 
bubble out of the top; conversely, the 
less water that a leaf has, the more 
pressure is required. Depending on 
each leaf and the time of day that it 
is collected, it takes anywhere from 
seconds to a minute or two to get 
the correct water content reading. 

Through the windows of the lab 
behind Steve, the sky is gradually 
lightening. Dom anxiously checks 
the weather app on his phone. 
In order for the flyover in a few 
hours to be a success, the condi-
tions in the sky must be just right 
-- any cloud cover makes taking 
high-quality images very difficult 

because they distort the tree patterns. 
But even if the clouds negatively im-
pact the flyover, Dom tells me, “All of 
the data that we are collecting from 
pre-dawn and midday sampling 
alone represent an incredible data-
set - one leaf has such a big journey!”
In the coming weeks, he and Mike 
will have more than enough in-
formation compiled from the 253 
leaves gathered today to keep them 
busy. That is, of course, after they 
get some sleep from this early-morn-
ing field hunting spree. Shooting 
leaves in order to sample trees 
for their water content is not easy 
work, but its implications are ex-
traordinary: identifying which tree 
species and groundwater areas are 
exhibiting the most drought stress, 
and, perhaps, one day even being 
able to individually select trees 
for advanced forest management.

A big 
thank 
you...

To everyone on 
station for letting 
me tag along with 
them during field 
(and lab) work to 

capture their truly  
amazing research. 

Also, for being 
wholehearted 

friends outside of 
the workplace -- 

although its often 
hard to separate 

the two. Summer 
2019 at Trout Lake 

Station is one for 
the books, or, should 
I say, the magazines.       


