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Presentation Outline

1) Project Background
2) Drought Definition

3) Drought Effects on Biological Communities: Fish &
Macroinvertebrate

4) Future Directions
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Project Detalls

6 Years (2004-2009)

12 Sites (Some sites discontinued, others started later)

Stream ecology projects

= Temporal and spatial variation in invertebrate
communities

* Pre & post dam removal community changes
= Trophic and environmental interactions
* Riffle and pool community comparison

LOTS OF DATA!
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Surber Sampling for Macroinvertebrates

Backpack Electrofishing * 3 Replicates per riffle (25% Subsamples)
* Identification to Species

& Water Chemistry

taken with YSI ! |
e Identification to Family Level

USGS Gauging Stations

e
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Connecticut Locations

Y

2
[ _ 8ME- Eightmile
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What we already know about these
aguatic biological communities

 Temporal Variability
— Year, Season

« Variability between sites
— Landscape & Habitat Characteristics

 Variability between watersheds
— Water Chemistry

— Groundwater? But we need to look at these patterns
— Local precipita’[ion? and the variation in more detail...
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What we do NOT know:

1. What is the effect of drought on the i_
macroinvertebrate community?

 Immediate or lagged?
e Abundance and/or richness?

2. What Is the effect of drought on the fish
community?

 Immediate or lagged?
e Abundance and/or richness?
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Connecticut Hydrologic Regime

USGS 01194500 EAST BRANCH EIGHTMILE RIVER NEAR NORTH LYME, CT.

20008, 08 » Seasonal decreases are
1600, 88 . . | l

| normal
100,00

e July — Sept = Lowest Flow

DAILY Discharge, cubic feet per second

18,688

1.00 » But when drought occurs,
how low does it need to go to

a.1a

1972 1973 1974 1975 1976 1977 1978 1979 1988 1981 1982

affect the biological

— Daily nean discharge — 18=Year Recurrence Interval
=== Period of approved data — 2=Year Recurrence Interval COﬁHnunmeSO
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How do we define drought?

Many forms of Drought | Natural Climate Variability |

° MeteOI'OlOgical Precipitation deficiency

High temp., high winds, low| [ _
{amount, intensity, timing)| | relative humidity, greater | | §
L 1 [ sunshine, less cloud cover E‘E
Agrlcultural Reduced infiltration, runoff | _ S3
. deep percolation, and Incregs;d EVB_.POﬁH'IJOH E’E
and transpiration T
° ydrologlca ground water recharge | ansp z
=
8 | Soil water deficiency | B,
g ] 1 é =
= Plant water stress, reduced | | 23
@ biomass and yield =
E <
. . . P —
Precipitation shortfalls Reduced streamfliow, inflow to i
» Surf b f t | reservoirs, lakes, and ponds;, E’:Ej
urface or subsurface water supply reduced wet ands, St
deficits wildlife habitat 55
: T
: , |
Frequency and severity often defined on a | Economic Impacts| | Social Impacts| | Environmental Impacts |
watershed or river basin scale
(Wilhite 2000) Source: http://drought.unl.edu/whatis/concept.htm
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8ME Discharge, ft3/s (Daily Mean) ——8ME

1000

100

10~

Discharge { ft*/s )

0.1 -
2003 2003 2004 2005 2005 2006 2007 2007 2008 2009 2009
Date

Data obtained from USGS gauging station:
USGS 01194500 EAST BRANCH EIGHTMILE RIVER NEAR NORTH LYME, CT
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8ME Discharge, ft3/s (Daily Mean)

1000

100

10~

Discharge { ft*/s )

0.1 +
2003 2003 2004 2005

Data obtained from USGS gauging station:

USGS 01194500 EAST BRANCH EIGHTMILE RIVER NEAR NORTH LYME, CT

2005

2006
Date

2007

2007

2008

—3ME

2009 2009
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Duration of 8ME & CR Discharge, ft3/s (Daily Mean) —8ME

Drought
100
:‘S ]
g 10 |
]
=
2
a2
# Days < or =2 # Days < or =2 # Days < or =2
67 59 4
1+ “U
Hd<1 H#d<2
2005 54 67
2006 0 0 K Da'."s <or=1 H Days < or =1
54
2007 35 59 35
2008 0 4
2009 0 0 2004 2005 2005 2006 v 2007 2007 2008 2009 2009
ear
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8ME & CR Discharge, ft3/s (Daily Mean) —R

——8ME
1000 +

100

10 -

Discharge { ft}/s )

0.1 4

2003 2003 2004 2005 2005 2006 2007 2007 20038

2009 2009
Year
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Differences in Discharge: Only
noticeable at the extremes

000 8ME Discharge, ft*/s (Daily Mean) ——swme CR Discharge, ft3/s (Daily Mean)

100

100

=

00

10 10

Discharge {ft*/s)

Discharge { ft}/s )

[

0.1 0.1

2003 2003 2004 2005 2005 2006 2007 2007 2008 2009 2009 2003 2003 2004 2005 (2005 | 2006 2007 2007 2008 2009 2009

Year Year

» Groundwater influence at CR saving it from more extreme drought conditions
* Local precipitation may vary slightly

e Rural vs. Urban landscape (lower vs. higher runoff into streams, respectively)

?
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Discharge Lagged

\
1000 8ME Discharge, ft*/s (Daily Mean) 1000 8ME Discharge, ft*/s (Daily Mean)
100 100
Z z
& 10 ' & 10
2 =
3 3
a a
1 1
—3ME EME Lagped
0.1 + 0.1
2002 2004 2005 2007 2008 2009 u 2003 2005 2006 2007 2009

Lagged

Normal ‘
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Questions

1. Are macroinvertebrates affected by drought?
 Immediately or Asynchronously?
* Their abundance and/or richness?

2. Are fishes affected by drought? s
e Immediately or Asynchronously?
e Their abundance and/or richness?
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All Sites -As -Abundance
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Taxon Richness
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8ME Discharge, ft3/s (Daily Mean)& Invertebrate Abundance A's

1000 10000
100 @ 1000
o v
= ’ o]
a s
= : -
Eﬂ 10 SRt R @, s & 100 2B
2 % S - # | e ¢ F
Ve A Bod g
] .{-: i E
1 10

AdjR2=0.26
8ME Lagged
Invt Abundance

2003 2005 2006 2007 2009
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’ Y Summary: Drought Effects on
Macroinvertebrates

Statistical Results of Linear Regressions

Invertebrate Richness X Discharge LAGGED

Sigma-restricted parameterization Log Li ke I i h o O d R a t i O Te st

egr. of MS F

P

Interce pt 3308.14 1§ 3308.137) 142.4089 0.000000

Log Dish Lag Avg|  178.17] 4 178.167  7.6697 0.00582:

Error 1142009 404 23.230 G = 2 64 > 1 90

. .
.
nnnnnn braes Richness X ischarge NO LAG Inverts Richness Lag g ed
i Regresssil V I X

2-22-10) = H
ricted parameterization p 0.006 Proves regreSS|OnS Of
B 2 N lagged is a significantly

Intercept 9638.18 1) 9638.184] 410.2187 0.000000|
lLog dish Avg 47.6Q 1 47.598 2.0259 0.155274

Error 11559.66 492 23.495 b ett e r fi t

Lagged Effect on Richness!
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Summary: Drought Effects on
Macroinvertebrates

Statistical Results of Linear Regressions

Simple Regression

777777777

11111111

=i | INVErts Abundance x Lagged

00000000000

8888888888

p=0.0002

Inverts Abundance x NO Lag

777777777

44444444

11111111111111

— p=0.03

.......

88888888

Log Likelihood Ratio Test
G=2.07>1.90
Proves regressions of

lagged is a significantly
better fit

Lagged Effect on Abundance!

Some immediate effect on abundance
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Questions

1. Are invertebrates affected by drough's
* Immediately or Asynchronously?
e Their abundance and/or richness?

2. Are fish affected by drought?
e Immediately or Asynchronously?
e Their abundance and/or richness?
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Fish Richness Variation

Fish Species Richness

# 8ME
16 mCR
14 k
A BMIW
12 &
] LCR
& 10 [ ] B
@ . ] Al & E [ | i MR
2 8 + » m H *
oy * = - ’ * o BCR
s 6 i 0 FEOR |
. i MCR
4 =
5 wp
0 ZAD
Fish Species Richness
2005 2006 2007 2008 2009 ZBD
that we have at least 4 out of 5 yrs of data for
16 # 3ME
14 ik BCR
12 " A SMW
[ ]
2 10 = = ZAD
2 * e t [ ]
ar
& 3 > i - = . 8o
< . $ .
& O A S |
H i
4 L]
2
0

2005 2006 2007 2008 2009
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Drought Effect on Fish Abundance iIs Lagged

8ME Discharge, ft*/s (Daily Mean) & Fish Abundance
1000 1000

NO Lag
100 +
p=0.48
100 .
AdjR? = -
F10 g 0.002
—_ ]
% £
L
-FT 10 =< 8ME Discharge Lagged, ft*/s (Daily Mean) & Fish Abundance
2 1000
1
——38ME = FishAbundance
0.1 -~ 1
100
2002 2004 2005 2007 2008 2009
a
c
{ 5
1 5
] 1'::' 'E
Lagged 21 it
§
P= 0.04 " ---- BME- Lag 1-Year Forward
Adj R2 = 0012 01 J B Fish Abundance 1
2004 2005 2006 2008 2009
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8ME Discharge Lagged, ft*/s (Daily Mean) & Fish Richness
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" Summary: Drought Effects on Fishes

Statistical Results of Linear Regressions

Fish Richness X Discharge LAGGED
Simple Regression
ivari

Univariate Tests of Significance for Sum of Frich (LAG
dishxinvixfish 2-22-10)

Log Likelihood Ratio Test

F p
160.7977/0.000000}

1.3491 |0.246515| . .
Fish Richness x NO Lag G=2.64>1.90
Fish Richness X Discharge NO LAG
Simple Regression o ) p - O 03 3
Univariate Tests of Significance for Sum of Frich (NO LAG L]

dishxinvtxfish 2-22-10)

Sigma-restricted parameterization P rove S re g re S S i O n S Of N O

Effective hypothesis decomposition

e ] el sl Lag is a significantly better

0000
Log dish Avg | 31.566 1 31.566 | 4.5954 [0.032992]

Error __ [1772 .169] 258 | 6.869 flt
Monthly Avg of Discharge x Each Fish Richness

Immediate Effect on Richness!
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" Summary: Drought Effects on Fishes

Statistical Results of Linear Regressions

Fish Abundance X Discharge LAGGED
Simple Regression

Univariate Tests of Significance for Log Fabun (LAG dishxinvtxfish
2-22-10)

Log Likelihood Ratio Test

e s | FISh Abundance x Lagged
= 7 p=0.043 G=4.19>1.90

lance iIscha

Simple Regression
Univariate Tests of Significance for Log Fabun (NO LAG
dishxinvtxfish 2-22-10)

Proves regressions of
T T T lagged is a significantly

egr.
ept 183.482% 1 183.4825|1036.087]0.000000
0.0884 | 0.499 |0.480489

Avg | 00884 | 1 o
Eror |45 6897 | 258 01771 better flt

Lagged Effect on Abundance!
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Summary of Results
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No Rain = Meterological Drought - Hydrological Drought Biotic Response

Time — Immediate & Lagged



Biotic Response

v "
Immediate - -
» v 4

‘ Fish Richness
Drought

‘ Macroinvertebrate
Abundance

Laggé‘

‘ Fish Abundance

4

Macroinvertebrate Richness

Macroinvertebrate Abundance

Biotic Response

No Rain = Meterological Drought » Hydrological Drought »

Time Immediate & Lagged



Empty Streams?
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Components of the benthic macroinvertebrate community respond differently to drought

2.000 - Benthi
2005 levels ~ enthic
by year
1.600 -
1.400 - ® all taxa
3 m EPT (-TcHy)
c 1200 - L
© » most sensitive
-g 1.000 — a predators
=
Q
© 0800
oo
=}
= 0500 -
0.400 -
0.200 - :
0.000 + ; - : ; :

2004 (2005) 2006 2009

year

All taxa = 83 families; EPT (-TcHy) = 32 families; MS = all Plecoptera + Trichoptera families Glossosomadidae,
Rhyacophilidae, Brachycentridae, Isonychiidae; P = certain Plecoptera, Diptera, and Coleoptera, Acariformes,
Megaloptera, Odonata, and Trichoptera Rhyacophilidae.



All invertebrate abundance x year

2.00
Abundance of all T F— — 7%_ - 17/9_ — ABE =
invertebrates declines 1.60
more after 2005 vs. g v :
2007 (F=1.57, df=100,100; 2 100 -
p<.05) 2 0s0
éo 0.60 -
. 0.40 -
All invertebrate 020 |
abundance recovers to 0.00
near 2005 levels in 2004 2006 @ - 2009
2007 and in 2009
EPT taxa X year (minus TcHy)
Response of EPT taxa is 2.00
similar, though there is 180 7
. oo . 1.60 -
no significant difference o 140 | .
between declines from § 120 = -- AN
2005 vs. 2007. £ 100 2 :
< (.80
:,°° 0.60 -
. o fre . ﬂdﬂ [
Significant difference between years 020
(ANO\(A, p=.0000). Tukey post-hoc test 0.00 | .
_for pairwise comparisons. 2004 @ 2006 2008 2009



Most sensitive taxa decline
more after 2005 than
all/EPT- taxa (p<.05) and do

not decline at all after 2007.

MS abundance does not
return to pre-drought levels
until 2009

Predator taxa decline more
than all/EPT- taxa (F=1.82;
df=100,100; p<.025). Predator
taxa do not seem to have
recovered to 2005
abundance levels.

For both communities,
declines in 2005 were
greater than those in 2007
(p<.005).

Log Abundance

Log Abundance

08 4

0.7
0.6
0.5
0.4
0.3
0.2
0.1

[ ]

0.7
0.6 -
0.5 1
04 +
03 4
0.2 -
01 4

Most sensitive taxa x year

2004

46%

2006

1%

EUUB

AB

Invertebrate predator abundance x year

2004

_E_E_-EE=_=-= r-- _E E =

@

55%

2006

25%

2009



When iIs the Flow too Low?

Year

2009

2008

2007

2006

2005

2004

2003

Minimum Discharge each Year

\ i . . i
|
mCR
mEME
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Discharge (ft3/s)
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Looking Forward

-~ Minimum water flow rules would be helpful to mltlgate the negative
effects of drought on the biological communities..

Thanks to the data, we know:

‘Why’, ‘When’ & ‘What Happens’
However...
Future studies are needed to determine the ‘How’

(and explain the extra variation)

~ Climate Change!
« Will droughts occur more frequently?
 How will the biological communities adapt?
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Template
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Macroinvertebrates

Yearly Invt Average Richness - All Site & 8ME Discharge Lagged

1000 18
16
n
14
100
12
L
E" 10 e
2 s
2 8 &
fa] =
4
6
1
4
2
0.1 0
2004 2005 2006 2007 2008 2009

ugn WESLEYAN

UNIVERSITY

——



Macroinvertebrates

Yearly Invt Average Richness at CR & CR Discharge LAGGED

25 1000
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Macroinvertebrates

Yearly Invt Average Richness - BME & 8ME Discharge Lagged
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Macroinvertebrates

Yearly Invt Average Richness - 8ME & 8ME Discharge Lagged
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