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Shallow Lakes Are Special!
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“Special”? Not everybody thinks so...
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e Shallow lakes have changed profoundly!




Many shallow lakes are in Iousy shape'

“In practice, very few lakes that have collapsed to the
. turbid state have been restored successfully to the clear-



Talking Points:

Q 1: What are the implications of shallow
depth?

Q 2: What are some major factors that
influence shallow lake conditions?

Q 3: Why is it so hard to manage shallow
lakes?



Q 1: What are the implications of
“shallowness”?

1. Light levels are often much higher at the sediments

2. Wave energy reaches sediments when windy

3. Water column is frequently mixed — “polymixis” is the rule

4. Fish often play important roles in establishing ecological
conditions




e Fish have stronger influences in shallow lakes

compared to deeper lakes-why?
(Reviewed by Jeppesen et al. 1997)

a) Fish abundance is much higher in shallow lakes =
(deep lakes 10-100 kg/ha, shallow lakes 350-1000 kg/ha).

Why? Shallow lakes:
a) are more productive
b) fish can utilize the entire lake bottom




b) Fish predation on invertebrates is more intense
in shallow lakes.

Why?
- higher fish densities
- invertebrates have no deep water refuge




c) Shallow lake fish communities have a lower
proportion of predatory fish like pike or bass.

Why?
- predatory fish don’t handle low DO levels — especially during
long Midwestern winters

so?
- favors high densities of carp, bullheads, and other bottom-
feeding fish




d) Fish are more likely to eat and resuspend lake
sediments in shallow lakes.

This means-

- decreased water clarity and pumping nutrients into the
water column...where there is plenty of light for algae




“Managed”

Alternative |
Prairie-Park

Kvle D. Zimmer,"*



Q. 2: What are some major influences on shallow
lake conditions?

o bmitiewte __ OPLOS|ew

Comparing Effects of and Watershed-Scale
Influences on Communities of Aquatic Invertebrates in
Shallow Lakes

Mark A. Hanson'*, Brian R. Henmg Kyle D, Zimmer®, John Fleberg S5eanR. ‘U’aughn Robert G. anht
Jerry A. Younk?

Journal of Herpetdlogy, Vol. 47, No. 3, 489-497, 2013
Copynght 2013 Society for the Study of Amphibians and Reptiles

n Amphibian Presence and Abundance in Prairie
anid Parkland Landscapes of Minnesota, USA

Brian R. Herwic, " 2 Luke W. Scrroeper, >4 K\LE D. ZlM\ﬂ-:R MARk A Hanson,” Davip F STAPLFS
Rosert G. WRIGHT,” AND JERRY A. Younk'




(Again) Watersheds vs. in-lake features: which has more
influence on among-lake patterns in

Lake-level variables:

Surface Area

Depth

Nutrients in water column
Phytoplankton biomass

Submerged macrophyte extent
Fish communities
Carp — P/A
Bullheads — P/A
Planktivores (PL) - mass
Benthivores (BE) — mass

\ -Zooplankton species

aquatic invertebrates?

Watershed-level variables:

ECS levels — 3 Provinces, 5 Sections
NLCD — land-use categories (US11-US45)

Up-stream watershed area (UWA)
“Influence ratios” — UWA:Lake surface area
% disturbed uplands in watershed

% agr. (row crops) in uplands

(science.jrank.org

Response: /

-Macroinvertebrate species
-Abundance, taxon richness, aggregate variables
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Multi-scale shallow lake analysis
Used 2-step approach to predicting aquatic invertebrate
community pattern; we modeled -

1. Invertebrate responses to: in-lake (dynamic) variables

2. Predicted lake effects (from #1) relationship to: watershed-
scale (static) variables

(http://onlinecmag.com)
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Watershed - scale effects — how much?

response
~amph
- avg.daph
- avg.l.clad
avg.s.clad

—~
0
Q
Q.
@
-
0
—r
o
o
0
=
wn
(o]
+
S
8
c
Q@
O
&
Q
Q
(&)
c
o
2]
o -
Q
L.
o
()
(14

lake.area

Covariate

AGR = Agriculture; GRA = Grassland; URB = Impervious surfaces and Residential
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Science of the
Total Environment

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Relative importance of phosphorus, fish biomass, and watershed land use @mem
as drivers of phytoplankton abundance in shallow lakes

Matt W. Gorman®, Kyle D. Zimmer ** Brian R. Herwig ®, Mark A. Hanson ¢, Robert G. Wright ¢,

Sean R. Vaughn®, Jerry A. Younk"

\ / parkland study
\ @ ¥, region
i coniferous foress

biome

" forstbome Best Models to Predict Chla?

Fig. 1. Location of the parkland and prairie study regions in Minnesota, USA. Dashed lines AI C c

show approximate boundaries of the three major biomes in Minnesota, Best: llsumfish + TP" 71.1
Better: “Sumfish +TP + Year” 71.7
Good: “Sumfish + TP” + S*T” 71.9




Wetlands (2013) 33:17-28
DOI 10.1007/513157-012-0349-x

e D

Effects of Agricultural Encroachment and Drought A
on Wetlands and Shallow Lakes in the Boreal Transition
Zone of Canada

S. E. Bayley » A. S. Wong - J. E. Thompson
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“Chla concentration was best explained by regional
and temporal factors and there was no significant

Agriculture (%) relationship between agriculture and Chla
concentration.” (Bayley et al. 2013)

o=

Fig. 3 Effect of agriculture on A. TP concentration (log(TP+1) ~ %ag +
year + sampling region, w=0.99; 3,=0.015, P<0.000) and B.




Q. 3: Why Is It So Hard To Rehabilitate
Shallow Lakes?

Hydrobiologia
DOI 10.1007/s10750-016-2865-9

PRIMARY RESEARCH PAPER

Rehabilitation of shallow lakes: time to adjust expectations?

Mark A. Hanson - Brian R. Herwig -
Kyle D. Zimmer - Nicole Hansel-Welch

Lake restoration: successes, failures and long-term effects

MARTIN SONDERGAARD.* ERIK JEPPESEN . *¥ (20_40% ?)
TORBEN L. LAURIDSEN * CHRISTIAN SKOV. EGBERT H. VAN NES.§
RUDI ROIJACKERSSEDDY LAMMENSY and ROB PORTIELJEY

(Journal of Applied Ecology 2007: 1095-1105)



Resilience and historical
legacies are partly to blame

NORTHERN
MINNESOTA
LAKE AGASSIZ WETLANDS

<= “Red Lake”

D “Chippewa”

NORTHERN LAKES
AND FORESTS

NORTH CENTRAL
HARDWOOD FORESTS

RS

DRIFTLESS AREA
ESTERN CORN BELT PLAINS
.

Submerged Plants

Algae

Phosphorus

“Good ones”

’

“In-betweeners’

“Bad ones”
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can delay...
establlshment of clear

water even when external
nutrient loading is...low...”
(Jeppesen et al. 2012, p. 413)

Q: what causes this

in shallow lakes?
1. Chemical factors:
-P (N?) from lake
sediments
2. Biological factors:
-Fish communities
-Slow responses by macrophytes
3. Hydrological factors
(probably have all of these...)
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About 10 -15 yrs (or <)?
(Hobbs et al. 2012)



The Importance of Land-Use
Legacies to Ecology and
Conservation

| January 2063 / Vol. 53 No. 1 + BioSdience

sTER. FREDERICK SWANSON, JOHN ABER. INGRTU BURRE, NICHULAS BHURAW,
/1D TILMAN, AND ALAN KNAPP

ECOSPHERE
Land use and wetland drainage affect water levels

and dynamics of remaining wetlands
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Land-Use Legacies Are Important Determinants of Lake
Eutrophication in the Anthropocene

Bronwyn E. Keatley”, Elena M. Bennett’, Graham K. MacDonald’, Zofia E. Taranu’, lrene Gregory-
Eaves™
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Legacies define modern shallow lake conditions!

Ecological Applications, 0), 2016, pp. 1-15

Blakcslcy Grandokken Pisa { 2016 by the Ecological Society of America
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The lcgaq' of largc regime shifts in shallow lakes

A

1950

Joy M JEWiniam O U7 Mark B JKyLe D. JKevin M
NATALII JLEAH M 2MARK A ABRIANR. 3 AND JaMEs B. 6

1900

1St. Croix Watershed Research Station, Science Museum of Minnesota, Marine on St. Croix, Minnesota 55047 USA
2Department of Biology, University of St. Thomas, St. Paul, Minnesota 55105 USA
3 Department of Geology, University of St. Thomas, St. Paul, Minnesota 55105 USA
3 Y TP YL A9 ] HIR “Wetland Wildlife and Populations Research Group, Minnesota Department of Natural Resources, Bemidji, Minnesota 56601 USA
10 1 ) 4012101 2 SFisheries Research, Minnesota Department of Natural Resources, Bemidji, Minnesota 56601 US4
SDepartment of Ecology, Evolution, and Behavior, University of Minnesota, St. Paul, Minnesota 55108 USA
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e Methods can classify clear, turbid, transitional lakes

e Records suggest often a single transition sometime
after 1920 in turbid lakes
I * Little evidence that TP is a single inducer

T T

12 901 2 e Some clear-state lakes stable since before 1700!
DCAAXxis 1 Score

o Je—ore—s,




If we had a decision tool...what then?

Suppose you’re a lake manager....

-If you could manage only 1 of these, should you trea'c“"‘green”
or “blue” lake?

—— Stable

Turbidity

Unstable




More broadly...

Lake conditions

N, <N<N,
Active Mgmt



Lake conditions

N,<N<N,
Active Mgmt

A<A A>A

crit crit

Vulnerable Clear Lake Opportunistic Turbid Lake

* Distance to thresholds
* Transition probabilities
* Value to wildlife/humans

Prioritize lakes Prioritize lakes

~N S

Management Decisions

Apply fish toxicants?
Drawdown water levels?
Stock piscivorous fish?
More data??



Final Reflections -what do we do now?

e [ncorporate implications of resilience in expectations
& management

e Manage surface connectivity
e Respond with both watershed- and in-lake measures
e Use “tiered approaches” to protect hi-quality sites!



~ Lake Shoakotan 00 Summer TP (measured and inferred)
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-reduced feedlot runoff
-retire erodible lands
-created wetlands



