Labs
Nov. 14th Lab 11 — stream invertebrate 1D
Nov. 218t Lab 12 — revisit Dunham pond

Dec. 51 Project presentations



Nutrients

P, N often limiting
Increases in nutrients increase vegetation
Leads to high BOD, low oxygen



Long-term fertilization of
Kuparuk Creek

ECOSYSTEM REACTIONS TO DISTURBANCE:
ARCTIC STREAMS AND LAKES
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Long-term fertilization of
Kuparuk Creek
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Ecological surprises

America

UNDERSTANDING AND PREDICTING ECOLOGICAL DYNAMICS:
ARE MAJOR SURPRISES INEVITABLE?

DanieL F. Doax, ! James A E\H—\ B]:‘Jl-\\ll]\ S. HALPERN,
DANIEL H. MonNson

Community interactions



Long-term fertilization of
Kuparuk Creek

O Referance

B F fertilized

e
juu]
i
-

&
(m ]
—

Year

Fis. &

Percentage of iodal bryophyte coverage (mean * 1 sg) in the Kuparok River. 1992-1998



Long-term fertilization of
Kuparuk Creek




Long-term fertilization of
Kuparuk Creek
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Nutrient effects

TasLE 3. Food web response to long- and short-term nutrient enrichment in a variety of streams.

Invertebrate Fish
Years MNutrient  Periphyton density/ (growth/
Site fertilized added {chlorophyll)  biomass) density) Reference
Alaska, USA
Kuparuk River 16 P + +/— +
Kuparuk River 4 PEN+P + + + Peterson et al. (1993a)
Oksrukuyik Creek e N+F + + + Harvey et al. (1998)
Oregon, USA
Lookout Creek 3 N + + t Gregory and Lamberti {1993)
British Columbia, Canada
Keogh River 4 M+P + + + Johnston et al, (1990, Perrin
et al. (1987)
Salmon River 3 N+ P + + + Slaney et al. (1994)
Mesilinka River 4 M+ P 3 -4 + Slaney and Ashley (1998),
Koning et al, (1995), Paul
et al, (1996)
Adam River 4 N4+ P + + + Toth et al. (1997), Slaney

and Ashley (1998)
Big Silver Creek 2 N+ P -+ + + Toth et al, (1996)

Tennessee, USA
Walker Branch 95 days P + + NA Elwood et al. (1981)




Energy In streams

Limnology
Lecture 20



Energy Sources

 Autotrophic food webs
— Rely on living organic matter

e Heterotrophic food webs
— Rely on non-living organic matter



Energy Sources

Autotrophic food webs
— Rely on living organic matter

Heterotrophic food webs
— Rely on non-living organic matter

Autochthonous
— Organic matter produced in the river system

Allochthonous
— Organic matter from outside the river system



Trophic relationships

Table 5.3 Functional feeding groups of aquatic larval stages and adults and the
dominant food. (Modified from Cummins and Merritt, 1996. From An introductiong
the aquatic insects of North America, (ed. R. W. Merritt and K. W. Cummins). © 19%
Kendall Hunt Publishing Company sed with permission.)
—
Trophic group Food Feeding mechanism

Shredders Leaf detritus, wood, living Chewing of detritus and ma

aquatic plants mining of macrophytes, ant

Collectors Fine particulate organic Sus e rs), deposit

matter eecC Sit C s/gatherers)
Scrapers Attached algae and Grazing/scraping of mine

biofilm
Macrophyte Cell and ti e fluids of Piercing and fluid sucking
plercers living plants

Predators Tissue of living animals Engulfing, piercing

Parasites Tissue and fluids of Internal and external parasitisr

living animals
gc




River continuum concept

Low-order streams

Lots of CPOM
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River continuum concept

Mid-order streams

Macrophytes/Periphyton
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River continuum concept

High-order streams
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Autotrophy In the River Continuum

/A A

Limited periphyton
Macrophytes/periphyton

Phytoplankton



algae
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Filamentous green algae

Periphyton Examples
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Periphyton: Environmental
Factors

Factors that can influence periphyton density
Light

Current

Scouring from floods
Grazing

Substrate
Temperature
Chemistry
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Periphyton: Effects of Current
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FIGURE 4.9 The relationship between periphyton
accumulation rate and a flow index in a small stream
(Carnation Creek) in the high rainfall environment of the
west coast of Vancouver Island. See text for definition of
flow index. (From Shortreed and Stockner, 1983.)

Moss cover (%)

600 800 1000

Stone size {1 x w, cm?)

FIGURE 4.10 Amount of stone surface covered by the
moss Hygrohypnum as a function of stone size in a
mountain stream. (From McAuliffe, 1983.)

A rolling stone gathers no moss



Periphyton: Nutrient Limitation
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FIGURE 4.5 Changes in the numbers of the dominant

diatom species in troughs enriched with NO;-N, PO,-P,

or both in combination. Troughs were placed in Carna-

tion Creek, Vancouver Island, allowed 4 weeks to colo-

nize, and then fertilized for 52 days. Note that periphyton

populations peaked after 30-40 days, and then declined

sharply, prior to termination of the fertilization experi- s

ment. (After Stockner and Shortreed, 1978.) 30 40

Time (days)



Periphyton: Light Limitation
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FIGURE 4.4 Seasonal change in mean periphyton abundance, measured as chlorophyll 4, in a small Massachusetts
river flowing through mostly agricultural land but with riparian shading. The shaded period extended from 10 May
until 20 October. Note the major peak in chlorophyll (3.9 x mean summer values) just prior to leaf-out, and the
minor peak (1.7 X mean summer values) just following leaf fall, Water temperatures were highest throughout the
summer. ® = Chlorophyll a; x = photosynthetically active radiation. (After Sumner and Fisher, 1979.)




Heterotrophy in the River

Continuu
A N AN “A

Heterotrophy

/

Autotrophy



eaf Conditioning

Leaf processing sequence

Leaf fall and Invertebrate colonization
blow in Microbial colonization continued microbial )
Wetting in physical abrasion activity and AL Conversion to ,

stream and softening breakdown i A2 FPOM

Feces and 24 — 40 %

fragments
Process Leaching of Mineralization by Increasing Further Animal 9 from
soluble microbial respiration protein microbial \ feeding

components to CO, conient conversion inve I"[ebl‘ateS
to DOM
Also
Amount of 15-25%  ~30% NMEEENES
weight loss L
- surface area
Time (days) for microbes

FIGURE 5.2 The processing or ‘conditioning’ sequence for a medium-fast deciduous tree leaf in a temperate stream.
Details of the fate of material converted to fine particulate organic matter (FPOM) are unknown. Leached dissolved
organic matter (DOM) is thought to be rapidly transferred into the sediment layer, primarily by microbial uptake.




Breakdown Rates by Species

Half-life (days)
100

——&—— Hydracharitaceae (6)

—@— (Gentianaceae (10)

—@&— Nymphaeaceae (16)

—&— Najadaceae (14)
————@———— Pontederiaceae (3)

- Podostemaceae (3)

MNon-woody

Typhaceae (14) ~——@——
Poaceae (20) —@—
Polypodiaceae (5) ——@———

Cyperaceae (26) —@—

Juncaceae (5) ——@————

Juncus spp. (Juncaceae)

FIGURE 5.1 The breakdown rates for various woody and non-woody plants, based on 596 estimates compiled
from field studies in all types of freshwater ecosystems. Means = 1 standard error are shown, and the variation is

due to (at least) effects of site, technique, and numerous environmental variables. The number of individual rate
estimates is shown in parentheses. (After Webster and Benfield, 1986.)




Breakdown Rates by Species

Half-life (days)
50 100 200

————@— Tiliaceae (4)

® Magnoliaceae (3)
—&— Cornaceae (16)
——@8——— Qleaceae (8)
Betulaceae (35) —@— -
Salicaceae (33) —@— -(r|l||lr?g§?])e
Ulmaceae (10) ——@—— '
Taxodiaceae (4) —————@————
Aceraceae (73) —@—
Myrtaceae (7) ——@——
Juglandaceae (23) —@—
Platanaceae (14) —@—
Fagaceae (105) —@—
Ericaceae (16) —@—

Pinaceae (38) —@—

r Pinaceae

FIGURE 5.1 The breakdown rates for various woody and non-woody plants, based on 596 estimates compiled
from field studies in all types of freshwater ecosystems. Means # 1 standard error are shown, and the variation is
due to (at least) effects of site, technique, and numerous environmental variables. The number of individual rate
estimates is shown in parentheses. (After Webster and Benfield, 1986.)




Breakdown Rates:
Environmental

Temperature
Acidity

Current




Collecting FPOM




Shredders prefer conditioned
CPOM

e CPOM with
microbial
colonization

 Like peanut butter on
a cracker

e Microbes more
nutritious than leaves


http://www.teensarenotadisease.com/0205pea002.jpg�

Breakdown Rates: Importance of
Microbes

No bacteria or
Control No bacteria fungi

Loss in leaf mass after 28 days at 10°C (Kaushik and
Hynes 1971)



Biofilms

DOM-FPOM bbb

Diatoms( Algae

ysaccharid
Matrix

Substratum

*o0 Matrix % Fungal Hypha

Bacterla _ Biofilm
s @ Cyanobacteria
* Enzymes (Bluegreen Algae)

Complex of bacteria, algae, fungi on and In sedlment o] Wood
Covers most everything in stream

Higher biomass on wood/leaves



River Continuum Concept

Shredders

Downstream shifts in:

1) FPOM/CPOM

Periphyto!
2) Heterotrophy/Autotrophy

Shredders

Predators

3) Dominance of trophic groups
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Vannote, R.L. et al. 1980. The river continuum concept. Can. J. Fish. Aquat. Sci. 37: 130-137



River Continuum Concept: Does It work?

Prediction: shift from CPOM to
FPOM dominated

FT
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AFDM [g/mT)

& TOTAL

Fig. 8 Annual means of transport and benthic organic
matter by particle size category (coarse [CPOM], fine [FPOM],
ultrafine [UFOM]) and totals for all sites and stream sizes,

From: Minshall, G.W. 1983. Interbiome Comparison of Stream Ecosystem Dynamics. Ecological Monographs 53(1): 1-25
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Predictions:

Ratio of FPOM/CPOM will increase
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CPOM will decrease
Verified?

Importance of tributaries

STREAM ORDER

Fig. 10, Trends in benthic organic matter particle sizes
expressed in relation to the coarse fraction and mean absolute
amounts (AFDM, g/'m® of coarse material; based on mean
annual values. The shaded curve shows predictions of the
River Continuum Hypothesis.

From: Minshall, G.W. 1983. Interbiome Comparison of Stream Ecosystem Dynamics. Ecological Monographs 53(1): 1-25



River Continuum Concept: Does It work?

NET DAILY METABOLISM
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Prediction:

Heterotrophy in headwaters and lower
stations

Verified?

Yes for headwaters

Generally increased autotrophy, in
contrast to predictions

From: Minshall, G.W. 1983. Interbiome Comparison of Stream Ecosystem Dynamics. Ecological Monographs 53(1): 1-25



River Continuum Concept: Does It work?
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Fi. 15.  Spatial distribution of benthic invertebrate functional groups, expressed as a percent of the total number of ¢ach
group collected (given on the figure), at each of the four stations of each site during summer (Su) and autumn (A) or winter
(W,




River Continuum Concept: Does it work?

TN LIEF

» Strong regional and seasonal effects

» General paradigm, starting point
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