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Abstract | Preview

Temperature and precipitation trends suggest immicieanges
In key processes shaping lake and stream ecosystamasiid
such regime shifts occur, will have major ecologieaonomic,
and cultural consequences.

In lakes, climate induced changes in timing ancton of
thermal stratification are likely to result in sifypantly
Increased internal loading of phosphorus.

In streams, climate induced low summer basefloware likely
to lead to oxygen deficits and transitory but |largleases of
phosphorus from stream sediments.

In both lakes and streams, climate induced chawgklead to
significant changes in fish community structure afedhistory.

Key concepts and possible mitigation and adaptaiategies
will be reviewed and considered.



Climate Change

Expected influences on lakes and strea@msiap

« Climate formally defined by and physically
constrained by prevalling patterns of

— Temperature
— Precipitation
* Both of which dramatically influence

hydrological cycles and seasonal dynamics of
lakes and stream

 Change patterns of temperature and
precipitation change lakes and streams
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Walter Diagram

Emphasis on timing of seasonal patterns at a gsien
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second = ppt)

- Monthly means of precipitation

Monthiv means of remperature

- Humid persid {lined)
- Arld period (dotred)
- Mean daily minimum tremperatiure of the

coldest month ()
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re mperatire below 0°C

- Months wirh an absolure minimum below 0°C

Suggest need to construct analogous figures for lakand stream systems



Climate change effects are most
pronounced at mid-continent,
mid-latitude locations.



Minnesota’s Migrating Climate: Consensus Model
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Temperature and Precipitation Trends
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Figure 2. Annual mean temperature
anomalies, 1901-2005. Red shades
indicate warming over the period, and
blue shades indicate cooling over the
period. Source: NOAA/NESDIS/NCDC,
as found in EPA 2007b.

Figure 3. Annual precipitation trends,
1901-2005. Green shades indicate a
trend towards wetter conditions over the
period, and brown shades indicate a
trend towards dryer conditions. No data
are available for areas shaded in white.
Source: NOAA/NESDIS/NCDC, as found
in EPA 2007d.




Storm Intensity

* Note consequences for patterns of ‘run-off’ and its
complement ‘stay-on’

e Direct and profound impacts on flow regime (see my
Flow Regime Cmgof streams and water level

fluctuations In lakes




Temp DO TP

* At elevated water temperatures

— Saturation levels of DO decrease

— Respiration rates rapidly increase using up DO
o At low DO levels, iron changes redox state

releasing large volumes of phosphorus from
lake and stream sediments

— See myinternal Loading Cmap

« Abundant phosphorus plus high water
temperatures favors cyanobacteria (BGA)




Internal Loading




Lakes:
Shift Toward Internal P Loading

e Reduced duration of winter ice coMagnuson et al)
— Minnesota Lake Ice Out Dafaote spring ‘noise’)

* Probable changes in summer stratification

— Higher peak summer surface temperatures

* Increased resistance to mixing

» Favors blue-green algal blooms and subsequenirghad
— Increased probability of extended duration

» Loss of hypolimnetic dissolved oxygen

» Release of phosphorus from lake sedimentsiternal Phosphorus
Loading

* Increased likelihood of regime shift (Carpentealét




Regime Shift

My on-lineconcept map notes on regime shift




Three Key Figures



Grace Lake Phosphorus Study

BSU Honors Council Lecture Notes




Streams:

Low Baseflows, DO Deficits and P Discharges
Mississippi Impairment Example Concept Map







With late summer rainfall events large volumes of R~75 kg/day) enter Lake Irving!



Community Changes



Mitigation and/or Adaptation
(given apparent lack of will to reduce carbon enass)
e Lakes
— Mitigation
e maintain clarity of epilimnion for as long as pdssi

— Stringent controls of external P inputs
— Epilimnetic circulation to minimize blue-green atggsolarBee?)

— Adaptation
* Promote centrarchids as desirable species | dgreat&ls and pike
 Emphasize quantity of fish over quality of fish

e Streams
— Mitigation
» work to restore more natural flow regimes by maxing ‘stay-on’
» Restore pool / riffle structure of modified stream

— Adaptation
» Write off fisheries potential of impaired wateesd., Mississippi)
* Work to modify aesthetic and recreational expamgt



QUESTIONS? COMMENTS?

Contact Information
Dann Siems, Aquatic Biologist
Beltrami Soil & Water Conservation District
3217 Bemidji Avenue North
Bemidji, MN 56601

Email: dann.siems@mn.nacdnet.net
Webpage:http://www.beltramiswcd.org/siems/
My WaterBlog: http://beltramiswcd.blogspot.com/
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Climate Change and Regime Shift Concept Map:
http://www.beltramiswcd.org/Aquatic Biology/Climakgml|

On-line Limnology Primer:
http://www.beltramiswcd.org/Aquatic%20Biology/




