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Introduction:

The Clean Water Actos goal
the physical, chemical, and biological integrity of the
nati onds surface waters has
waterbody assessment techniques (Herricks and Schaffer,
1985). While rivers, streams, and non-lacustrine wetlands
have received a large amount of attention, much less

research has gone into the
development of lake
assessment techniques
(Rothrock, 2008). Of those
assessment methods that
have been developed for
lakes, most have focused on
the use of chemical or trophic
analyses (Alix, 2006). Recent
efforts have begun to use
aquatic macrophytes in plant-
based lake assessment
Indices because aquatic
macrophytes have been
shown to be dependable

Indicators of water quality and
hydrological modifications (Nichols et al., 2000). Though
these indices have successfully detected lake quality in
specific regions, there still remains a question as to
whether or not the same aquatic macrophyte-based lake
assessment techniques can detect lake quality in other
regions. This study seeks to answer that question for lakes
In northeast Indiana.

Purpose:

Alo test and compare four aquatic macrophyte-based lake
assessment techniques on lakes in northeast Indiana.

Alo compare the aquatic macrophyte-based lake
assessment techniques to two independent measures of
human disturbance and one measure of lake quality.

Ao determine which technique is better at assessing lake
guality and which is more time and resource efficient.
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Methods:

ASelected 16 lakes in
northeast Indiana
(LaGrange, Steuben,
Noble, and Whitley
Counties).

AlLakes chosen to give a
range from high to low
quality.

AEach lake was visited

twice between July 1st
and August 22"d, 2008.

AOn the first visit, sampled
according to the Aquatic Macrophyte Community Index
(AMCI). On the second visit, sampled according to the
Plant Index of Biotic Integrity (PIBI).

Fig. 1. Location of 16 lakes
Included in studly.

Fig. 2. Example of rake throw used in AMCI sampling.

- A Comparison and Validation of Four Aquatic Macrophyte-Ba

Assessment Techniques

Four Aguatic Macrophyte-Based Lake Assessment
Techniques:

AMCI xAquatic Macrophyte Community Index
(Nichols et al., 2000)

ACreated for lakes throughout Wisconsin.
AAssesses in-lake species only.

AUses frequency of occurrence to score seven metrics
whi ch measure the biological
communities.
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AUses a boat to navigate to predetermined GPS
coordinates on the lake.

AA double headed garden rake attached to a rope is
deployed four times to sample the four quadrants of
a 2 meter circle at each sampling point.

Fig. 3. Lake depth map
showing randomly located
sampling points sorted into
5 ft. contour intervals.

PIBI £Plant Index of Biotic Integrity
(Rothrock et al., 2008)

ACreated for lakes in northwest Indiana.
AAssesses both shoreline and in-lake species.

AMetric calculations based on visual
assessment of species abundance as seen i
from a boat.

AFour categories: species richness and
composition, species tolerance, guild
structure, and vegetative abundance for a
total of eleven metrics.

Fig. 4. Example of visual assessment
eaaan

technique used in PIBI sampling. s ra—— =

Two Measurements of Human Disturbance:
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L-QHEI xLake Qualitative Habitat
Evaluation Index (Thoma, 2006)

ACreated by Ohio EPA for Lake Erie. Can also
be used on inland lakes in the Great Lakes
region.

AFive metrics based on shoreline habitat quality:
substrate type/quality, cover type, shoreline
morphology, riparian zone and bank erosion,

and aquatic vegetation quality. Fig. 6. LQHEI scores being

recorded while onsite.

LDl zLandscape Development Index
(Brown and Vivas, 2005)

ACreated for watersheds in Florida. Has been
successfully used as a measure of human
disturbance for Ohio and Minnesota wetlands.

Als a weighted land use index based on the non-
renewable energy required to maintain specific
land uses.

AAssigns a coefficient to each land use which is
then multiplied by the percentage of land area
around the lake devoted to each land use.

ACalculated based on a 50 meter buffer around
each lake.
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IAMCQ zIndex of Aguatic Macrophyte Community Quality (Alix 2006) g
ACreated for lakes throughout northern Indiana.
AAssesses in-lake species only.

AUses frequency of occurrence to score two categories, taxa richness and diversity
and littoral zone composition and abundance, for a total of twelve metrics. F—
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AOriginally designed for SCUBA or snorkeling sampling. Scores calculated here
using data from AMCI sampling.

AOnly index to record macrophytic algae at the species level.

FQA zFloristic Quality Assessment
(Rothrock, 2004; Swink and Wilhelm, 1994)

ACreated for the area surrounding Chicago by Swink
and Wilhelm (1994). Adopted for Indiana by Rothrock
(2004).

AAssigns each plant species a coefficients of
conservatism (C value). C values range from 0-10 with
high scores representing plants intolerant of human
disturbance.

ACalculates two metrics. The mean C value (MC) and
the Floristic Quality Index (FQI) score.

AScores in this study calculated from both AMCI and
PIBI sampling(MC e, FQIlawciy MCpigi, FQIpig).

ACan be calculated with or without inclusion of non-
native species and with or without weighting species
by relative cover or frequency (WtMC and wtFQI).

Fig. 5. Potamogeton
amplifolius, a species
Intolerant of human
disturbance, C value of 10.

Measure of Lake Quality

ITSI xIndiana Trophic State Index
(Jones and Medrano, 2006)

ACreated for lake assessment throughout Indiana.

AComposed of ten metrics based on the physical, "
chemical, and biological components of a lake. ’

Alndex scores in this study from data collected between
the summers of 2002 and
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Results:

ASignificant correlation between all indices and L-QHEI.

ASix out of seven index scores significantly correlated with ITSI scores. The PIBI
was the only index that did not have a significant correlation with the ITSI.

AFour out of seven index scores had a significant correlation to the LDI. The
AMCI, IAMCQ, and FQIl,,,c, were not significantly correlated to the LDI.

AThree scores had significant correlations to all three measures of human
disturbance or lake quality (MCayc;, MCpig, FQlpig)-

Table - W ( « Pahd gGnificance levep) between aquatienacrophyte

based lake assessmantices and 1QHEI, LDI, and ITSI.

Index PIBI  AMCI IAMCQ MCuyye; MGy FQhyer  FOQbg
LQHElI 0298 0561  0.364 0593 0630 0555  0.457
(0.019 (<0.00) (0.009) (<0.00) (<0.00) (<0.00) (0.002
LDI 0280 0010 0009 0334 0228 0419  0.265
(0.01§ (0359 (0364  (0.0)  (0.03) (009§ (0.025
ITS| 0136 0465 0475 0284 0430 0225  0.205
0088 (0.003 (0.003 (0.02) (0.004 (0.037)  (0.045

Red highlighting = highest correlation value in each row.

Strikethrough = no significant correlation.

AMC 5p,c; and WEMC ., produced very similar correlations to the L-QHEI, LDI, and
ITSI.

AWeighting the FQI ,,, resulted in no significant correlations between the L-QHEI,
LDI, and ITSI.

AWeighting the MC, 5, and FQI, 5, noticeably increased the correlation between
the metrics scores and L-QHEI, LDI, and ITSI scores.

Table2- W ( « Pahd ggnificance levep) betweenun-weighted and weightedQA scores

and =QHEI, LDI, and ITSI scores.

Index  MCuuci WIMCypyci  FQhwai WtFQlwe MG WIMCpg,  FQhg  WIFQbg,
L-QHEI 0.593 0.527 0.555 0014 0.63 0.681 0.457 0.614
(<0.00) (<0.00) (<0.00) {0343  (<0.00) (<0.00)  (0.003  (<0.00)
LDl 0.334 0129 0119 0413 0.228 0033 0.265 0039
(0.0) (6-089 {6-099 6102 (0.03]) 6253 (0.029 6233
ITSI 0.284 0.304 0.225 002 0.43 0.712 0.205 0.537
002) (0.017 (0037  {069)  (0.004 (<0.00)  (0.045  (0.007)

Red highlighting = highest correlation value in each row.
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Conclusions:

AThe four aquatic macrophyte
-based lake assessment
Indices demonstrated the ability
to detect lake quality, but this
ability varied between indices.

AThe MC (both methods) was
the most robust in detecting
lake quality. This suggests the
single FQA metric (MC) has a
greater ability to predict lake
guality than the multimetric
Indices. FQA Is also more familiar to most researchers
and Is easier to compute than the other indices.

AOf the three multimetric indices, the AMCI showed the
greatest ability to detect lake quality as measured by the
L-QHEI and ITSI. This index could easily be incorporated
Il nto I ndianads current | ake

APIBI sampling was the most time and resource efficient.
PIBI sampling took an average of 5 hours per lake
compared to 8.3 hours per lake for AMCI sampling.

AThe PIBI should be recalibrated for northeast Indiana
lakes because correlations between the PIBI and the
disturbance indices were lower than those is the study by
Rothrock et al. (2008).

AWeighting FQA.z, scores by relative cover proved to be
advantageous and should be utilized if FQA scores based
on PIBI sampling are used to assess lake quality.

AWeighting FQA ,,,c, Scores by relative frequency did not
demonstrate an advantage over un-weighted FQA scores.
Un-weighted FQA scores should be utilized for lake
assessment purposes.

ADuring the study, the L-QHEI emerged as a method that
could potentially be used alone to detect multiple aspects
of lake quality. The L-QHEI takes less time to perform and
requires less plant knowledge. Further research should
explore the use of the L-QHEI as a lake assessment tool.
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