Many Observed Changes Likely Due to
Combined Actions of Invasives and Other
Physical Changes
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Secchi Depth (m)

White Perch Gill Net Catch
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Larval fish that were once provided good cover from predators by
the algal productivity of the lake ---




Larval fish that were once provided good cover from predators by
the algal productivity of the lake ---

Become much more visible




Not All Sport Fish Have Declined in
Abundance During the Era of Invasives
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The Round
Goby

Piscivores Love ‘em — Improved Growth
They Reproduce All Season — Young of Year Piscivores Love ‘em
Cormorants Love ‘em
They Eat Mussels
They Eat Fish Eggs
They Eat Benthic Invertebrates

They May Reduce Angler Catch Rates



Climate Change and the Homogenization of New
York’s Stream Fish Fauna
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Emmeline Moore

New York State
Department of
Conservation
1920-1944

Chief Aquatic Biologist
1934-

Leader of the Biological
Surveys of New York
Watersheds




New York State Watershed Surveys 1926-1939
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NEW YORK STATE WATERSHEDS

COVERED BY BIOLOGICAL SURVEY
- GENESEE RIVER SYSTEM 1926 FAQUETTE WATERSHED 1933
OFWEGD RIVER SYSTEM BT MOHAWK-HIDSON WATERSHED M54
IGURE 6. Reeve Bailey, John Greeley, and Ed Raney in front of the survey vehicle loaded ERIE HAGARA SYSTEM Fof DELAWARE <2 SUSSUEHANNA PATERSHEDS B
fith seines and other sampling gear. Photograph by U.B. Stone. CHAMPLAN WATERSHED 1523 LOWER HUDSON WATCRESHED 1938
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For an excellent history, see Daniels 2011 Fisheries 36:179-189

Seining for fish distribution studies, French Creek near Pennsylvania State lig




New York State Watershed Surveys
1926-1939

4000+ Sample Sites

Biological Survey Sites from 1926 - 1939 pr ‘ o N

in Named Streams

Legend

S O Bio-Survey Sites
[ ] NYS 8 Digit HUC's
[ ] Lake Ontario

Stewardship Biologist
These data are intended to aid ina
state or regional assessment of
natural resources and are ot
intended for use at a seale finer than
1:100,000,

This s a generalized location map
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Modern Stream Survey

2002-2009

3000+ Sample Sites

Doug Carlson, NYS DEC

NYS Calendar | GIS

W NEW YORK State Museum

Visit Exhibitions Research & Collections Programs Education Publications

4mm”"ﬂlﬂlllm

Fich Database

| Outreach | Pr

Legend

4 1988-2001 Sites

ol ©  2002-2009 Sites
L L - S [ Sampled 2002-2009
i . A - [ Additional Sites in 2010

# [ | Lake Ontario

Map Composed by
Richard P. (Dick) McDonald
NYS DEC Region 6
Stewardship Biologist

These data are intended to aid in a
state or regional assessment of
natural resources and are not
intended for use at a seale finer than
1:100,000.

This is a generalized location map
and not an official survey.

BRintny Bal e RESEARCH & COLLECTIONS ii COLLECTIONS AT THE STATE MUSEUM ::
Biology

Ichthyology

The New York State Museum fish collection holds over 62,000 lots of

:
Bob Daniels, NY
specimens. The oldest specimens are from the 1840s and material

continues to be added each year. Approximately 58,000 lots are fish

from the United States, most from New York State. Specimens in the

collection are from nearly 17,000 different collecting localities. The

collection houses fish specimens from about 20 countries and all seven continents.



Combined, the Surveys

Historic Modern
Collected 161 Species Petromyzontidae > G
Acipenseridae 1 1
L L

from 27 Families Lepisosteida 1 1
Amiidae 1 1

Hiodontidae 1 1

Anguillidae 1 1

Clupeidae 4 4

Cyprinidae 47 45

Catastomidae 13 14

Cobitidae 0 1

Ictaluridae 9 8

Osmeridae 1 1

Salmonidae 7 6

Esocidae 6 7

Percopsidae 1 1

Aphredoderidae 1 1

Gadidae 1 1

Atherinopsidae 1 1

Fundulidae 2 2

Poeciliidae 0 1

Gasterosteidae 4 4

Cottidae 2 2

Moronidae 3 3

Centrarchidae 14 13

Percidae 21 19

Scianidae 1 1

Gobiidae 0 1

Total 148 147




Some examples — Genesee River Watershed
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L] L] L]
Homogenization of Fish Faunas 801  homogenization ,
-~
o = 701 ,78 15
Across the United States 2 -
..,_:3: 60 1 @ i2 ’.r
Frank J. Rahel* & 501 é

= b‘,'

g 40 1 B, 4b
Fish faunas across the continental United States have become more similar 7 Gt - *
through time because of widespread introductions of a group of cosmopolitan S 30 o2 g
species intended to enhance food and sport fisheries. On average, pairs of states g ,5,’/
have 15.4 more species in common now than before European settlement of (_3) 201 14:}
North America. The 89 pairs of states that formerly had no species in common 10{ - differentiation
now share an average of 25.2 species. Introductions have played a larger role e
than extirpations in homogenizing fish faunas. Western and New England states 0 L L L A
have received the most introductions, which is a reflection of the small number 0 10 20 30 40 50 60 70 80

of native fishes in these areas considered desirable gamefish by settlers.
Past similarity (%)

Rahel 2000. Science 288:854-856
Rahel 2010. AFS Symposium 73:311-326



Homogenization generally
thought to result from
widespread species
introductions and extirpations

A similarity

A similarity

of endemics

48 states of United States
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Fig. 2. Changes in similarity of fish faunas among
1128 pairwise combinations of the 48 cotermi-
nous United States. Change was measured as
current similarity minus historical similarity with
Jaccard's coefficient of similarity. (A) Change in
similarity based on combined effects of species
extirpations and introductions. Distribution is
skewed toward positive values, which indicate
that fish faunas have become more similar with
time by an average of 7.2%. (B) Change in simi-
larity based on species extirpations only. Extirpa-
tions have caused a negligible change in the sim-
ilarity among state fish faunas. (C) Change in
similarity based on introductions only. Distribu-
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Upper Hudson River

Susquehanna River

St. Lawrence River
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Non-metric MDS

Transform: Fourth root
Resemblance: 517 Bray-Curtis similarity
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Examination of Winners and Losers in terms of Distributional Change

Broadened Scale from Site to Watershed — Net Change in Number of Watersheds
Individual Species were Detected in
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Examination of Winners and Losers in terms of Distributional Change

23 Species Exhibited Range 11 Species Exhibited Range
Increases of 3 or more Reductions of 3 or more
Watersheds Watersheds

-15 -10 -5 0 ] 10 15
Het Change



Losers

11 Species Exhibited Representing:
Range Reductions of 3 5 Cyprinids

or more Watersheds 1 Catastomid
1 Ictalurid

WINNING
LGTTERY
NUMBER

2 Salmonids
1 Percid

111111



WINNINE
LoTTERY
NUMBER
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Longnose Sucker Catostomus catostomus (Forster, 1773)
-3 Watersheds




e v DARN.

Bridle Shiner Notropis bifrenatus (Cope, 1867)
-4 Watersheds
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Finescale Dace Chrosomus neogaeus (Cope, 1867)
-5 Watersheds
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Lake Chub Couesius plumbeus (Agassiz, 1850)
-7 Watersheds
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Fishes
of New York

Bridle Shiner
Netropis bifrenatus
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Winners
23 Species Increased Representing:
Range by 3 or more 1 Lepisostid
Watersheds 1 Amiid

1 Clupeid
7 Cyprinids
2 Catastomids
» 3 Ictalurids
jwwjﬁh 2 Esocids
1 Atherinopsid
1 Fundulid
1 Moronid
3 Centrarchids




Black Crappie Pomoxis nigromaculatus (Lesueur, 1829)
+8 Watersheds
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Yellow Bullhead Ameiurus natalis (Lesueur, 1819)

+8 Watersheds
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Gizzard Shad Dorosoma cepedianum (Lesueur, 1818)

+9 Watersheds
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Green Sunfish Lepomis cyanellus Rafinesque, 1819
+12 Watersheds
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Black Crappie
omoxis nigromacularus

Yellow Bullhead
Ameiurus natalis

Sampling Period
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Species Exhibiting the
Largest Range Expansions
were Those a Southern-
Trained Fish Biologist
would Know Well

Climate Change Influence?

e,

-\:..\:' = \_ - _.I- -} I.'-. .
T /196141890
o 1A
v & -\ -
= 2010-2039
AN
. 2040-2069
~2070-2090
2040-2069

“ B Higher Emissions Scenario
Lower Emissions Scenario

3070-2090

Depending on future
carbon and other
greenhouse gas
emissions, Mew York
SUMMeTs in coming
decades could feel like
Georgia summers

do now.

http://www.dec.ny.gov/pubs/39313.html



Temperatures have Exhibited Increases in Decades since the Watershed Surveys — the
Northeast showing a particularly strong signal

N

o

- U.S. Average I
] ] Temperature Change (°F)
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http://nca2014.globalchange.gov/highlights/report-findings/our-changing-climate



Summer (June-August) Water Temperatures in
Oneida Lake
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Over period of record summer temperatures have increased 0.6° Cl/year



Models (and very limited data)

SuggESt we WOUId see northward Species Responses to Climate Change ® v f
expansions of warmwater
species and retreat of southern
extent of ranges of coldwater
species

Barbus barbus Esox lucius Salmo trutta fario

INTERACT WITH THE GRAPHIC BELOW

Current distribution

arm-water fishes have

moved northwards, and some
tropical and subtropical fishes in
the northern Gulf of Mexico have

increased in temperate ocean
habitat. ~ Similar shifts and
Heure 5. Prediced soatial distib . - ’ invasions have been
igure 6. Predicted spatial distribution of three fish species (barbel, northern pike, and brown trout) for E ~ = - - ; -
current (1961-1990) and future (2051-2080) periods. o 4 documented in Long Island
: Sound and Narragansett Bay in

the Atlantic.

Potential future distribution

Morthwest Southwest Great Plaing  Midwest Southeast Northeast Alaska
Responses  Responses

http://nca2014.globalchange.gov/highlights/report-findings/ecosystems-and-biodiversity#tab2-images



Are we seeing shifts in fish distribution consistent with the
predictions?

Figure 1. Projected Impact of Unmitigated Climate Change
on Potential Freshwater Fish Habitat in 2100

Change in distribution of areas where stream temperature supports different fisheries under the
Reference scenario using the IG5M-CAM climate model. Results are presented for the 8-digit hydrologic unit
codes (HUCs) of the contiguous U.5.

[ Current Cold, Projected Cold
B Current Cold, Projected Warm
I Current Warm, Projected Warm

B Current Warm, Projected Rough

For more information, visit EPA's “Climate Change in the United 5States: Benefits of Global Action” at www.epa.gov/dira.

http://www.epa.gov/sites/production/files/2015-06/fish-fig-1-download.png



' Biggest Losers do N
appear to be near
southern extent

of their range in
T New York

Map or'ﬂmm(i United States Geological Survey



do appear to be
near northern
ool extent of their

12/31/2015. United States G eclogical Survey

range in New York

Map u"1r3f2016. United States Geological Survey
Wap U'WZI‘M [2015. United States Geological Survey



| decided that species’ ranges could serve as a surrogate for
detailed temperature preference data

i.e., the southern extent of species’ ranges should reflect relative temperature tolerances.
Species with ranges further to the south should be more tolerant of warmer water than
species with ranges that extend less far to the south

" ATLAS OF Range limits for all
N()RT[I IXhIERlCI\V New York Species
ER‘I‘M‘{W’\T["R determined from
FISHES

FishBase checked
against Lee et al.

INTRODUCTION




Southern extent of range explained 40% of the variation in watershed
occurrence shifts by species changing 3 or more watersheds
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Southern extent of range explained 21% of the variation in watershed
occurrence shifts by species changing 1 or more watersheds
(for all species r? = 0.16)

r2=0.21
- 197 P < 0.0001
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Stocking as an alternative
explanation:

Widescale agency stocking started as
early as the 1870s, in 1906 alone 233
million individuals of 13 species were
stocked in New York (cat was long out of
the bag by the watershed surveys)

Ongoing bait bucket transfers almost
certainly happening — but would Green
Sunfish and Yellow Bullhead be
preferentially stocked over sympatrics?




Stocking and canal
connections no doubt
facilitate movement
of fish across
watershed
boundaries — but
results suggest
temperature (and
climate change) may
be driving which
species successfully
establish populations
and spread further
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Resiliency to change is built into the fish fauna of New York
State — but as managers we may not always like how the species
sort out in response to change
. . N T

~Itis not the strongest of the species™ “”’“”ﬁm
that survive, nor the most intelligent, — |
but the one most responswe to- &

2

1)’;#& > .
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These Resources
Support World
Class Fisheries

That Contribute
Substantially To

the State’s
Economy

Activities in New York by Residents
and Nonresidents

Fishing

Anglers. ... ..., 1,882,000
Daysof fishing . .................. 29.874.000
Average days per angler . ........... 16

Total expenditures.................
Trip-related . ..................
Equipment and other . . . ....... ..

$1.962.538.000
$1.057.916.000
$904.622.000

Average per angler .. ... ... e $907

Average trip expenditure per da}f ..... $35

Hunting

Hunters. .. ..... ... ... ... ... ...... 823,000

Daysofhunting. .. ................ 18.433.000
. Average days per hunter . .. ......... 22

Total expenditures.................
Trip-related . ..................

$1.564.205.000
$810.119.000
$754.086.000
$1.899

$44
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