Browning and
warming of
Adirondack
lakes limit
habitat
avallable to
brook trout

Tommy Detmer

Senior Research Associate

Adirondack Fishery Research
Program, Cornell University




Steve Jane
Peter Mcintyre

Eileen Randall

Kurt Jirka

s Montana Airey
Liam Zarri
Demetra Williams

Evan Dlugos , _
Cliff Kraft . o . S ' ADIRONDACK FISHERY RESEARCH PROGRAM

Department of Natural Resources, Cornell University

| Summer intern program




Warming and brownin

Implications for trout

Trout responses

Angler responses

Going forward




Warming and browning

* Implications for trout

* Trout responses

* Angler responses

* Going forward




Warming [ ) \

\‘
o N " \ \
. .

Temperature
12.5 Temperature = (0.03 x Year) - 50.70
y 12.0 R2=0235
Y115
2 S 110
3 B 2105
. , o 2100
= o A 2 95 :
- o - ‘ g 90
- 4 2% ‘: - ?j .
- > , ”_ . z
- —'/' > . % ~ - <) ~ i 2 -‘
« -, — : - ) '.(f".'. - % oy
I e S~ 0 5 A e R : -.
= .~ A e “" B, A e 1960 1970 1980 1990 2000 2010 2020 2030 -
- ’ el { Figure 2. Mean annual temperature provided for Syracuse Hancock International T
. K- --',- p p ‘ . '.

Au‘port New York. Dm’sr nloaded from (http:/ Lllmod" nrce.cornell edw)

. - W RN
o -



Dissolved Organic Carbon

No. 5108
STOPPER He B



Browning

Dissolved Organic Carbon (DOC) 7

Temperature

12.5 Temperature = (0.03 x Year) - 50.70
12.0 R*=0.35

11.5
11.0
10.5

10.0 ﬂ

9.5
9.0 * -
8.5 :
8.0
75

Dissolved organic carbon,
mg/L
W

Mean annual temperature, °C

1960 1970 1980 1990 2000 2010 2020 2030

1993 1997 2001 2005 2009 2013 2017 v v { Figure 2. Mean annual temperature provided for Syracuse Hancock International

Au‘port New York. Downloaded from (http://climod2 nrec.cornell edw/)
AT T ST _
’_::‘-__,’ ' —"' . i p— . & :
i & .

> .’ L - >

| -
— -
* -
-

l/ \’
>

N
e .

R L T ey S




Browning

Dissolved Organic Carbon (DOC) ‘

Temperature

12.5 Temperature = (0.03 x Year) - 50.70
12.0 R*=0235

115
11.0
10.5
10.0
9.5
9.0 ?
8.5
8.0
75

Dissolved organic carbon,
mg/L

2000 2010

Water clarity

Mean annual temperature, °C

1960 1970 1980 1990 2000 2010 2020 2030

Secchi depth, m

Figure 2. Mean annual temperature provided for Syracuse Hancock International
Au‘port New York. Dcm nloaded from (http //climod2.nree.cornell. eduf)

e




Deionized water




g

= .
xw L |

Deionized water




Warming and browning

* Implications for trout

* Trout responses

* Angler responses

* Going forward




Lake
surface

UidaeQ

Lake
Bottom

Temperature Dissolved
Oxygen



Latitude

N

@

B
f

-75.0

Longitude




Dissolved
Temperature

oxygen
(C-) (m-g/ L)

0.0~ /| | W" W “II{ |
25"

Habitat E ‘

quality ~

. Suitable = P

Stressful %

. Unsuitable [ 7-5°

. NA
10.0-

Jul Aug Sep Oct



10-

E
£
=%
53
a

Ju Aug Sep Oct
Little Moose Lake

Ul

Jul Aug Sep Oct
Panther Lake

Depth (m)

N

Depth (m)

Jul Aug Sep Oct
East Lake

Depth (m)

Jul Aug Sep Oct

Rock Pond

Depth (m)
o.E

Alg Sep Oct
First Bisby Lake

°

T

€
<
7
©
[a]

Ji Aug Sep Oct
Green Lake

Depth (m)
2 5 i b

Jul Aug Sep Oct
Mountain Pond

Depth (m)
2 b b2 i

Wi Aug Sep Oct
Taylor Pond

3

Depth (m)

Ji Aug Sep Oct
Canachagala Lake

Depth (m)
e N °

Ji A Sep Oct
Pinchnose Pond

Depth (m)

00-
25-
o-
75-
100-
125+

Jul Alg Sep Oct
Pico Lake

(",

Jul Aug Sep Oct
Fourth Bisby Lake

00-

5

50

Depth (m)

75-

Depth (m)

Jul Aug Sep Oct
Lower Sylvan Pond

Temperature
(©)

24

20

12

Depth (m)

“Tu Aug sep ot
Little Moose Lake

N
Al

2
Jul Alg Sep Oct
Panther Lake

g

Depth (m)
-

6

Depth (m)

Ju Aug Sep Oct

East Lake
TR,

Depth (m)

Jul Aug Sep Oct

Rock Pond

Oy v’|‘

Depth (m)

Jul Aug Sep Oct
First Bisby Lake

Depth (m)

Wi Aug Sep Oct
Green Lake

Jul Aug Sep Oct
Mountain Pond

Depth (m)

Depth (m)

Wi Aig Sep Oct
Taylor Pond

o-

Depth (m)

Ju Aug Sep Oct
Canachagala Lake

o
! ' l '

2

Depth (m)

4
5

Ju Aug Sep Oct
Pinchnose Pond

[

ourli
2

50

Depth (m)

0

5-
75+
5

10.

12
Ju Aug Sep Oct

Pico Lake

Depth (m)

Jul  Aug Sep Oct
Fourth Bisby Lake

o
1
2

Depth (m)

4

W Aug Sep Oct
Lower Sylvan Pond

Brook trout
Habitat
quality

B sueve

Stressful

. Unsuitable

Depth (m)

Depth (m)

Jui o Aug Sep Oct

Panther Lake

Depth (m)

Jul Aug Sep Oct

East Lake

Depth (m)

Jul Aug Sep Oct

Rock Pond

Depth (m)

di A Sep Oct
First Bisby Lake

Depth (m)

Jul Aug Sep Oct
Green Lake

o-

=

Depth (m)

Ju  Aug Sep Oct
Mountain Pond

Depth (m)

Jul Aug Sep Oct

Taylor Pond

Depth (m)
-—

W Al Sep Oct
Canachagala Lake

Depth (m)

Jul Aug Sep Oct
Pinchnose Pond

Depth (m) Depth (m)

Depth (m)

-

Ju  Aug Sep Oct
Pico Lake

Jul Aug Sep Oct
Fourth Bisby Lake

Ju Aug  Sep oct
Lower Sylvan Pond

Dissolved
oxygen
(mg/L)

10

v
5

K



Constrained

00-
25-
E
£ 50-
o
)
)
Habitat
quality
- Suitable
75-
Stressful
49% -> 52% Unsuitable
100~
T T T T
Jul Aug Sep Oct
Date

O- g W
| “
5.

10-

Buffered (deep)
<1% -> <1%

Depth (m)

15-

Jul Aug Sep Oct

Depth (m)

Squeezed

Overheated (shallow)

15% -> 26%

6=
T T T - 1
Jul Aug Sep Oct Jul Aug Sep Oct

Shallow

Deep



* Warming and browning

Implications for trout

* Trout responses

* Angler responses

* Going forward




(w) yideq

o

(w) ydeq

Q )
=) ~

75~
10.0-




Depth (m)

Pinchnose Pond Water Temperature (°C)

30

25

Pinchnose Pond DO mg L-1

| " HHHMMH (il

TR ]

06-15 07-15 08-15

Date

12

10

[e>]

N



Pinchnose heatmap of frequency of fish at depth
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Does climate change influence the distribution and success of anglers?
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“Climate resilient
cold-water fisheries”
will be increasingly
difficult to manage
because fish are
either directly
stressed by climate
change or indirectly
stressed by
increased angler
encounters.
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* Warming and browning
* Browning will exacerbate warming

* Implications for trout
* Habitat is being reduced

* Trout responses
* Trout shift habitat with conditions

* Angler responses
* Angler behavior shifts

* Going forward

* Thoughtful management and
evaluating new tools
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