
critical information at a multitude of levels for Great Lakes
conservation. The general approach, methods, and indicators

can also be emulated by others to monitor wetlands or other
ecosystems in other locations globally.

Fig. 9 Anuran indicators measured from 2011 through 2015 were developed separately for southern and northern regions. The best conditions in the
north and south are represented by green and blue respectively. Poorest conditions in both regions are indicated with red circles

Fig. 10 Bird indicators were calculated from data collected during 2011 through 2015 with green representing high quality and red degraded
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Application of Methods

The methods described above represent the minimum recom-
mended sampling effort required for computation of each in-
dicator; ideally, all indicators can be calculated to determine
the condition of each Great Lakes wetland. These methods
were developed to minimize effort and resources while main-
taining reliable, statistically robust results. We recommend
sampling for and calculating as many wetland condition indi-
cators as possible for each wetland.

Interpretation of Indicator Scores

Interpreting the results of each indicator required consider-
ation of the nature of the assigned indicator scores and the
scale of disturbance indicated. During development, each in-
dicator was calibrated to a gradient of known anthropogenic
disturbance (Uzarski et al. 2005), thereby making it possible
to understand the most probable set of causes for the resulting
score or ultimate cause of the poor condition. Stressor identi-
fication is aided by chemical and physical covariates collected
at each wetland that serve to further explain variation in these
data.

The interpretation of wetland quality, assigned by different
organism-based indicators, can be confounding when separate
indicators applied to a single wetland result in conflicting
scores. For example, the vegetation-based indicator may as-
sess a wetland as having Blow^ quality, but the fish- or bird -
based indicator may assess the same wetland as being Bmildly
impacted^. These discordant assessments are likely associated
with spatial and temporal scale and the nature of the anthro-
pogenic disturbances affecting the wetland as well as the dif-
ferent effects on various taxonomic groups; e.g. the
vegetation-based indicator is weighted strongly by the pres-
ence and abundance of invasive plant species, which is not
always linked directly to water quality. In contrast, for a wet-
land in which the fish community is indicated as being of low
quality and the vegetation of high quality, the fish communi-
ties may reflect anthropogenic influences on the nearshore and
open water zones of the wetland, or this could simply be the
result of low water levels at the time of sampling. These in-
fluences may include, but are not limited to boat channels,
agricultural drainage ditches, industrial effluent, and other dis-
turbances that by-pass the higher elevation portions of wet-
lands (Uzarski 2009). A single wetland is comprised of com-
ponents that represent a hydrological continuum from terres-
trial to aquatic habitat, and therefore, one should not expect
anthropogenic disturbance to be consistently distributed
throughout a wetland nor should different taxonomic groups
respond the same way. This sampling program captures indi-
cators that represent many temporal and spatial components of
the wetland, thereby ensuring a multi-faceted assessment of its
condition. For this reason, metrics were not developed using a

single disturbance gradient because different taxonomic
groups respond to different combinations of limnological,
structural, toxicological, and landscape factors inherent within
each wetland (Uzarski et al. 2005; Burton et al. 2008).

Additional considerations when interpreting indicator data
are the life history and mobility of indicator organisms and
how they respond to anthropogenic disturbance. Plant com-
munities are potentially altered by anthropogenic influences
more slowly than faunal communities due to their sessile na-
ture and lag times in response. The alteration of these plant
communities is also typically linked to the spread of invasive
species. This suggests that the vegetation-based indicator de-
tects anthropogenic influences at broader spatial and temporal
scales. This was also shown to be the case with anurans (Price
et al. 2004) and breeding birds (Hanowski et al. 2007a; Howe
et al. 2007a) in wetlands of the Great Lakes. Conversely, mac-
roinvertebrates have relatively short lifecycles, limited mobil-
ity in the larval form, and may indicate anthropogenic influ-
ences a t f iner sca les . Wi th th is unders tanding ,
macroinvertebrate-based indicators may serve as a fine-scale
assessment of quality within broader vegetation-based quality
categories and be more specific to water quality. Furthermore,
one indicator may be an early detection warning of a distur-
bance that may eventually affect other taxa in the wetland and
across the region.

Influence of Water-Level Fluctuations on Diagnosis
of Wetland Condition

Great Lakes coastal wetlands are dynamic systems that are
significantly influenced by the water levels of the Great
Lakes (Burton 1985; Wilcox et al. 2007; Uzarski 2009). The
Great Lakes coastal wetland vegetation zones are organized in
a replacement series along a hydrological gradient ranging
from dry terrestrial soils to aquatic habitat several meters deep.
The position of each zone along this gradient, within each
wetland, is primarily governed by sources of naturally occur-
ring disturbance in the form of variation in water depth and
wave exposure (Burton 1985; Wilcox and Nichols 2008;
Burton and Uzarski 2009; Uzarski 2009). Fluctuations in wa-
ter levels cause plants, animals and physico-chemical charac-
teristics to shift along this gradient, with different taxa
relocating at different rates, depending on their inherent dis-
persal capabilities (Gathman et al. 2005; Gathman and Burton
2011). The persistence of some vegetation zones depends en-
tirely upon minimum levels of wave energy and water-level
fluctuations. Water levels in Lakes Huron and Michigan de-
clined substantially beginning in 1999 causing many lacus-
trine fringing wetlands that were previously inundated with
deep water to become shallower or dewatered and less ex-
posed to wave energy (Uzarski et al. 2009). As a result, veg-
etation zones and faunal communities shifted lakeward,
changed in size, or ceased to exist. Alternatively, during

Wetlands (2017) 37:15–32 29



periods of extreme high lake levels, some vegetation zones
may not be present at all. Additionally, anthropogenic distur-
bances may exert greater effects during periods of extreme
water levels. Shoreline hardening and installation of seawalls
have been common during past periods of high-water levels,
while dredging of channels, tilling, and mowing are common
practices during low-water-levels periods (Uzarski et al. 2009;
Schock et al. 2014). This variation presents a limitation for
potential assessment techniques, unlike ours, that rely on
returning to specific sampling points over multiple years be-
cause naturally occurring environmental variation cannot be
differentiated from anthropogenic disturbance.

Methods described herein do not depend on returning to
the same sampling points since water levels of the Laurentian
Great Lakes vary considerably. To control for natural distur-
bance, or water level fluctuation, organism-based indicators
used were adaptable to changing water-level regimes and sub-
sequent shifts in wetland position. By using vegetation-type-
specific faunal indicator metrics, the methods described above
are adaptable to these changes (Uzarski et al. 2004, 2005;
Albert 2008). Vegetation-based indicators are much more sen-
sitive to wide natural fluctuations in water levels because deep
waters and dewatered shorelines can alter plant communities
dramatically from year to year with no change in anthropo-
genic disturbance (Wilcox et al. 2002). However, the draw-
back is that metrics must be established for all vegetation
zones and for locations where vegetation has been removed
via human alterations. Thus, development of suitable
vegetation-based metrics is central to effective assessment.
In fact, all indicator groups and metrics will continue to be
refined indefinitely as more data are generated. The key is
maintaining consistent sampling protocols so that data are
transferable and robust over space and time.

Continued Development and Calibration

The fish and invertebrate methods have been developed and
calibrated for most geographical regions and wetland types in
the Great Lakes basin, but further development of habitat spe-
cific metrics is needed to meet basin-wide applicability. This
development process has been made more effective by stan-
dardizing data-collection techniques and by using multiple
gradients of anthropogenic disturbance (Danz et al. 2005;
Uzarski et al. 2005, 2014). Further development is needed in
the following areas: expansion of vegetation zone-specific
indicators for use across all vegetation zones, calibration of
indicators to include additional wetland types (e.g., drowned
river mouth wetlands for invertebrate-based indicators), de-
velopment of more functional indicators (Steinman et al.
2012), and efforts to include future anthropogenic disturbance
severity (e.g., climate change). All indicators and metrics
should continuously be tested and improved as more data
are generated.
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