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Six wetland sites in the Poyang Lake, the largest freshwater lake in China, were sampled by two observers
with different levels of experience following a two-day training workshop for a suite of scientifically defensible,
rapid and repeatable indicator system that can serve as a blueprint to be used routinely in the area. A
probabilistic random-stratified sampling design was used to select sites to be sampled. Field protocols
consisted of different sections including scoring boundary forms, and quantitative ratings. Metric scores
were assigned using the ratings for the current state of the wetland, without regard for what the wetland
might have been in the past, or what it might become in the future. The variance in observer to observer
scoring at each site was used to calculate pooled standard deviations, coefficients of variation, and signal-
to-noise ratios for each survey. The results showed that the relationship between pairs of observer scores
had little observer bias (rho = 0.845, p < 0.01) for all the sites in the surveyed. Training could have had a
significant contribution to observer to observer repeatability. We are confident that, as developed, these
indicators could be successfully applied for monitoring and assessing wetlands, recognizing that further

field testing and verifications are still needed.

INTRODUCTION

Wetlands are lands transitional between terrestrial and
aguatic systems where the water table isusually at or near
the surface or theland is covered by shallow water. They are
at least periodical, and the land supports predominantly
hydrophytes; the substrate is predominantly undrained hy-
dric soil; and the substrate is nonsoil and is saturated with
water or covered by shallow water at some time during the
growing season (Cowardin et al. 1979). They are not just
valuable and sensitive ecosystems but are al so very dynamic
and adaptive systems. Because they occupy a transitional
position between land and water, wetlands provide unique
habitats for a wide variety of flora and fauna (Mitsch &
Gosselink 1986). Their roles in providing a wide range of
other ecological services are recognized by many workers
(Ezcurra 2006, Millennium Ecosystem Assessment 2005,
Dugan 1990). By providing these services, well-function-
ing wetlands can reduce the need for humans to construct
alternative infrastructure necessary to provide those serv-
ices, often at much higher cost (Finlayson et al. 2005, Euliss
et al. 2008). Thedess healthy awetland is, thelesslikely it
can provide these servicesto itsfullest abilities.~Consequ-
ently, there hasbeen aworldwide upsurgein effortsto con-
serve those wetlands that remain intact (Williams 1999,
Mitsch & Gosselink 2007) and to remediate those that have
been damaged by past human impacts.

Increasingly, it isbeing recognized that geomorphology
(including flow, sediment transport and channel morphol-
ogy) is an important natural driver of the biodiversity of
floodplain wetlands (Kingsford 2006, Rowan et al. 2006).
In Chinafor example, the impoldering in the Poyang L ake
region presents an important anthropogenic driver of the
biodiversity of freshwater/floodplain wetlands, resulting in
the decline of biodiversity and even the extinction of some
endemic species (Zhao et al. 2005). Inthe 1990s, the amount
of zonal vegetation around the lake decreased dueto unregu-
lated logging, construction of embankments and urban de-
velopment. Thisdirectly led to severe water depletion and
soil erosion inregion (Hu 2001). Thelossisacause of con-
cern to a balanced ecosystem (Schuyt 2005) as it implies
that the capacity of the wetland to retain excessive nutrients
from agricultural and industrial activitiesisgreatly dimin-
ished (Simonit & Perrings 2005).

Neverthel ess, wetlands can be sustainably exploited if
the dynamicsof the conditionsand stressors contributing to
their degradation are well understood and harnessed appro-
priately, monitored and assessed. Assess ng wetland condi-
tions is a management measure to ensure better conditions
and integrity (Karr 1991, Angermeier & Karr 1994, U. S.
EPA 2002) of the system. Wetland assessment isthe gather-
ing and analysis of information needed for wetland decis on-
making. Condition can be defined asthe relative ability of a
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wetland to support and maintain its complexity and capac-
ity for self-organization with respect to speciescomposition,
phys co-chemical characteristicsand functional processesas
compared to wetlands of asimilar class without human al-
terations.

Numerous methods have been developed to assess
wetland condition or function at a variety of spatial scales.
M ethods best suited to measure condition refl ect thisby pro-
viding a quantitative measure describing where a wetland
lieson the continuum ranging from full ecological integrity
(or the least impacted condition) to highly impaired (poor
condition). A single numeric scoreistheresult. Thisscoreis
not meant to measure absol ute val ue or haveintrinsic mean-
ing, but allow comparisons between wetlands to be made.
Assessing the current ecological condition or integrity of an
ecosystem requires developing measures of the structure,
composition, and function of an ecosystem as compared to
reference or benchmark ecosystems operating within the
bounds of natural or historic disturbance regimes
(Lindenmayer & Franklin 2002, Young & Sanzone 2002).
Itisequally challenging to devel opindicesthat can summa-
rize the state of ecosystems, cost effective, precised and/or
help guide mitigation success or failure. Thischallenge is
part of alarger need to develop meaningful indices of terres-
trial and wetland ecological integrity (Andreasen et al. 2001).

Methods that are designed to assesslarge areas (for ex-
ample, the Synoptic Approach, Leibowitz et al. 1992), typi-
cally produce coarser and moregeneral resultsthan site spe-
cific methods, such aseither the Hydrogeomorphic Method
(HGM) (Smith et al. 1995) or the Index of Biotic Integrity
(IBI) (Karr 1981). Methods such asthe Wetland Rapid As-
sessment Procedure (WRAP) (Miller & Gunsalus1999) and
the Descriptive Approach (USACE 1995), are extremely
rapid, whereas the Habitat Evaluation Procedure (HEP)
(USFWS 1980), the New Jersey Watershed Method
(Zampellaet a. 1994), and the Watershed Science Approach
(WSA, version 3.0) (Collinset al. 1998) are much moretime
intensive. These methods have been shown to be sensitive
toolsto assess anthropogeni ¢ impactsto wetland ecosystems
(Fennessy et al. 1998, Mack et al. 2000).

Rapid assessment methods (RAM) are advantageousin
monitoring programs because they require lesstime in the
field and less taxonomic or other scientific expertise than
more quantitative methods, |eading to significant savingsof
timeand money, and potentially allowing increased sample
sizes (Fennessy et al. 2007). Several recent comprehensive
reviews of these methods (Bartoldus 1999, Danielson &
Hoskins 2003, Fennessy et al. 2004) serve as good starting
pointsfor the development of RAM metrics. The Delaware
Rapid Assessment Protocol (DERAP, version 2.0, Jacobs
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2005) has been identilied as one of the methods with the
potential to measure condition (Fennessy et al. 2007) froma
review of forty existing rapid assessment methods. The meth-
ods have been identified to be useful for various purposes
such as a meansto evaluate best management practices, to
assess restoration and mitigation projects, to prioritize
wetland related resource management decisions, making
regulatory decisons, eval uating mitigation compliance, and
assessing ecological condition.

However, there is still paucity of literature with regard
to a standardized, cost-effective indicator system to assess
the status and trends in wetland ecosystems. Limited field
testing of assessment methodol ogieshasbeen cited (Adamus
1992, Lonard et al. 1981) among reasons for the shortcom-
ings of many methodologies. Lack of money and staff time
by agenciesisthe most common reason behind inadequate
fieldtesting. A atigtically defensblerapid assessment meth-
odology isinevitable to discern the magnitude of the condi-
tion and stressors, and, thus, reduce uncertainty about wetland
systems. Repeatahility testing quantifiesthe tendency of dif-
ferent people, using a standardized protocol, to independ-
ently select the same answers and arrive at the same score
when assessing the same wetland. This paper contributesto
all that gap, to evaluate the conditions and stressors, and
propose a suite of scientifically defensible and repeatable
indicator system - a Poyang L ake Rapid Assessment Indica-
tor System (PRAIS) that can serve as a blueprint to be used
routinely in Poyang Lake and other wetlands. Key questions
include:

1. Whicharethe key stressorsimpacting the ecological in
tegrity of wetlandsin the Poyang area?

2. Which sub-lakesare under stress as aresult of acombi
nation of stressors?

3. What istherobustness(reproducibility and repeatability)
of PRAIS and how doesit vary with different levels of
user experience?

Our approach is similar to the Nanticoke Watershed
Wetland Study (Jacobs & Bleil 2007) inthat we use metrics
to document wetland conditions, but herewe bring together
biotic with abiotic metrics as part of an overall assessment
of ecological condition. We assume that threats to the sys-
temsare as specific as possible, and ratings are appropriate
for the ecol ogical and biodiversty attributesto be measured,
and discuss how our approach can assist the wetland mitiga-
tion process.

MATERIALS AND METHODS

Study area: Poyang Lake isthe largest freshwater lake in
China. It islocated in the northern part of Jiangxi Province
and liessouth of the Y angtze River (latitude 28°222 -29°452
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north, longitude 115°472 -116°452 east). The catchment
areais 162,000 km?. The coverage of thelake fluctuatesfrom
less than 1,000 km? in the dry season to approximately
4,000km?in the flood season (Shankman et al. 2006). Tem-
peraturesare low in winter (minimum of 5°C) and warmin
summer (maximum of 29°C) in July (Wu & Ji 2002). An-
nual precipitation is 1528 mm with most of therain falling
in the wet season (April through June). It is recharged by
fiverivers, thelargest in-flows being the, Gan and Xiu riv-
ers, both connected to the Y angtse river. Grasd and commu-
nitiesgrowing a ong the lakes have significant seasonal phe-
nology (Guan 2007). The most common grass vegetation
communities are Carex (a genus of plantsin the family of
Cyperaceae), Miscanthus and Cynodon. Carex spp. is the
dominant speciesat lower elevation and hasremarkabl e sea-
sona phenology, while Miscanthus sacchariflorus and
Cynodon dactylon are at higher elevations (upto 15m). The
major threatsto the lake include pollution, floods, erosion,
degradation, and eutrophication. Theentire watershed isin-
habited by over 8million people (Guan 2007) and the popu-
lation isstill growing.

Assessment area: We chose six wetland ecol ogical systems,
all freshwater lakes: the Banghu (7,300 ha), Dahuchi (3,000
ha), Shahu (1,400 ha), Zhonghuchi (600 ha), Xianghu (400
ha) and Zhushihu (200 ha), which partly make up the Poyang
Lake National Nature Reserve (Fig. 1).

Visual change detection analysis (Wilkie & Finn 1996)
was used asa basic form of change detection. Three satellite
images (Path 121; Row 40) corresponding to the rainy sea-
son of 1989, atransition period between rainy and dry sea-
son, 1999, and dry season, 2005 were used.

Although the number of wetlands was small and repre-
sented only one geographical region, they were selected to
encompass differencesin water regime, land use, and veg-
etation and weretypical of wetlandsthat will be assessed for
regulatory purposes.

Field work and sampling: The field work took place in
April of 2010, and was implemented in two phases. All
observations at a specific site took place on the same day.
Observers received two-day training. The first phase was
exploratory; its objective was to observe general
characteristics and changes in the entire Poyang wetland
biosphere. With the assistance of expertsfrom the Chinese
Academy of Science, ChinaUniversity of Geosciences, and
the Beijing Forestry University, visual change detection
analyss(Wilkie& Finn 1996) was employed and sampling
choi ce and points were unanimously adopted. All secondary
datawere obtained from the Poyang L ake Hydrogeol ogi cal
Station and the Poyang L ake Reserve. As datagathering and
anaysisbecome more sophisticated and complex, the types
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of information gathering and analysis including sampling
assumptions become increasingly important. With thisin
mind, a probabilistic random — stratified sampling design
based on aspatially balanced, generalized random sampling
tessellation stratified (GRTS) (Stevens & Olsen 1999) was
adopted. GRTS was chosen because it incorporates a
hierarchical randomization processto ensure the sampleis
gpatially balanced acrossthe study region; it allowssitesto
be selected with unequal probability to satisfy the sample
s zerequirements by wetland; it enables dynamic adjustment
of sample size (imperfect sample frame formation, sub-
populations of interest may change over time); and it
accommodatesvariable inclusion probability (legacy sites,
political, economic, scientific reasons affecting site
selection). Because area and habitat heterogeneity affect
speciesrichness(Craig & Bea 1992), all siteswererequired
to meet the following criteria: natural wetlands, with open
water, and apartial or compl ete vegetation border. Twofield
observers accompanied by two guards carried out the final
survey.

In the second phase, on-site assessment of several wetland
quality parameterswere recorded using field dataformg/field
protocol s previously designed. The entriesconsisted of ma-
jor metrics defining the conditions of the wetland (Table 1).

Asearlier indicated, officeand field indicators/attributes/

stressors were identified first in the office, using satellite
imageriesand land-use maps.
1. Method for selectingmetrics: Essentially based on sec-
ondary data sources including, literature on wetland ecol-
ogy and function; other rapid assessment methods; peer-re-
viewed literature; conference proceedings; and monitoring
studies.

2. Criteria for selecting ecological indicators: Building
upon discussionsby Landreset al. (1988), Kelly & Harwell
(1990), Cairnset al. (1993) and Lorenz et al. (1999), we de-
cided that our indicator system should meet the following
criteriathat are easily measured; sendtiveto stresseson sys-
tem; respond to stressin a predi ctable manner; anticipatory:
signify an impending change in the ecol ogical system; pre-
dict changes that can be averted by management actions;
integrative: thefull suite of indicators provides ameasure of
coverage of the key gradientsacrossthe ecological systems
(soils, vegetation types, temperature, etc.); have a known
responseto natura disturbances, anthropogeni ¢ stresses, and
changesover time; and have low variability in response.

Field assessment and data collection: Field equipments
used included GPS, binocul ars, camera, datasheets and pen-
cils. A boat was used to facilitate movement from one as-
sessment site/areato another. At each site, each member of
the crew: walked at most 25% of the perimeter of each
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Table 1: Prais attributes, metrics and stressors.
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Habitat stressors

Hydrology stressors

Buffer/Landscape stressors

Pesticides or trace organicsimpaired

(Point source or Non-Point source pollution)
Garbage/Dumping

Vertical biotic structure

Adjacent land use (e.g., grazing, aquaculture,
commercial fisheriesin AA, etc.)

Percent co-dominant invasive species
Percent invasives

Ditching & Draining

Fill & Fragmentation
Diking/Restriction
Point sources

Hydrologic alterations
Hydroperiod/Channel stability
Hydrological connectivity

% of assessment area perimeter with 5 m buffer

Average buffer width
Surrounded developed

250 m Landscape condition
Barriersto landward migration
Landscape connectivity

wetland site, informati on was recorded independently by the
researchers, metricinformation on the wetland’ shydrol ogy,
habitat/vegetation composition, buffer and landscape/ sur-
rounding land use were assessed/col lected to score variables
that were responsiveto disturbance. Habitat and hydrology
gressors pertained to within the wetland Ste. Buffer stressors
related to the habitat surrounding the wetland. The remain-
der of the perimeter not walked was visually inspected us-
ing satellite imageriesand aset of binoculars.

Photoswere taken ineach cardinal direction and of promi-
nent stressors. The photo number/ID, time and rel evant com-
ments were made, and GPS points (UTM coordinates), site
name, and date and time were al so recorded.

Metricinformation onthe habitat/vegetative structure and
species composition, hydrology and buffer/landscape
(Table 1) were also collected to score variables that were
responsive to disturbance. Disturbances such as grazing,
cultivation, pesticides, nutrient |oads and anoxia, etc. were
also assessed.

DATA ANALYSIS

Scor ing procedur e Site scorewas based on the presence of
sressorsin three categories: habitat/plant community (within
site), hydrology (within site) and landscape buffer (around
site). Metric scores were assigned using the ratings for the
current state of the wetland, without regard for what the
wetland might have been in the past, or what it might be-
come in the future. Field protocols consisted of different
sectionsincluding scoring boundary forms and quantitative
ratings. The attribute scoresfor the ratingswere 3, 6, 9 and
12 (Table 2).

Table 2: Sample rating scale used (ditching, AA only).

Alternative states Rating (circle one)

No ditching 12
Low ditching 9
Moderate ditching 6
Severe ditching 3
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An attribute score of 12 indicated an *‘intact’’ wetland,
and a score of 3, awetland with reduced functional capacity.
For any attribute,

n
a a
Attribute Score = i=1 = 1, 2, 3... n ...(1)
12n
Where,

&, isasub-metric, and
nisthe number of sub-metrics (sub-attributes).

Thefinal scoreisgiven by:

[ [w . 100) — 25)

-2

75
Where,

B, denotes the buffer attribute score, H,, the hydrology
attribute score, and HT , the habitat attribute score.

Thefinal scoreformulaisan average of thethree (3) at-
tribute scores adjusted to a 0-100 scale (thus the -25/75).
Without the adjustment, the minimum score would be 25.
Based onrthis, afinal scorebelow 0.5 (classified aspoor) is
equivalent to arating of 3 (a wetland with reduced func-
tional capacity), while afinal score greater than 0.7 (classi-
fied as excellent) is equivalent to a rating of 12 (intact
wetlands).

M apping vulner able sites: Wetland quality parameters/in-
di cators data obtained from on-site measurement, were tabu-
lated and checked for any errorsand inconsigencies. An at-
tribute table for site final scores was created. The satellite
image of the assessment area was digitized into different
shapefileswithin a GISframework (ArcGISv9.3) in order
to map and analyze the spatial distribution of wetland con-
ditions.

Repeatability evaluation of indicator system: For many
rapid assessment methods, it is likely that observer to ob-
server differencesare the major source of variability because
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Fig. 1: Study/assessment areas/sites of Poyang Lake Nature Reserve.

many of the metrics in these methods are not affected by
temporal changes, e.g., presence of roads. Various factors
may affect the repeatability of arapid method such astem-
poral changesin site condition during the sampling window
or observer to observer variability. However, experiencelevel
of observer haslittleimpact on the repeatability of thefinal
rapid assessment score. Thetwo-day seminar/training work-
shop organized by the staff of the Chinese Academy of Sci-
ence, Beijing and some university Professorswasin part, to
improve on the repeatability of our results. The following
model swere used for repeatability evaluation:

The Spearman’ s Rank Correlation Coefficient wasused
to discover the strength of alink between two sets of data/
scoresfor site stressors by each observer. Mathematically,
Spearman rank correlation coefficient isdenoted and defined
as.

6% d?

p=1-—

WE)

Where,

a2 is the sum of squares of the differences between
scores, 6 is aconstant, and n is the number of scores/sam-
ples.

A correlation coefficient of closer or equal to +1 meansa
perfect positive correlation; if O, thenthereisno correlation,
and if closer to, or equal to -1, it means a perfect negative
correlation.

To evaluate repeatability of our indicator system, com-
bined means, pooled standard deviations, coefficient of vari-
ations (CV) and signal to noise ratios (S/N or SNR) were
calculated for each survey site:

X ¢ = =t S, =

(4

Where:

S, isthe pooled variance,

X ¢ isthe combined mean,

X, isthemean for the ith sample,

n isthe sample size of thei™ sample,
s?isthevariance of thei™ sample,

k isthe number of samples being combined, and
n—-1, the Bessdl’ scorrection.

The coefficient of variation/relative variability (for non-
zero mean) was calculated as:

Sp

The lower the CV, the smaller the residuals relative to
the predicted value.-Thisissuggestive of agood model fit.~

The Signal-to-noiseratio (SNR or S/N) isameasure of -
ten used in science and engineering to quantify how much a
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signal has been corrupted by noise. It isused here based on
the concept that it will be able to correctly determine the
differencesthat exist among sitesin a survey, the variance
due to performing the assessment (i.e., the noise) must be
smaller than the variance across the sites (i.e., the signal).
S/N is as the reciprocal of the coefficient of variation
(Schroeder 1999). The higher the S/N, the greater the ability
to discern differences among sites. In our analysis, the sig-
nal wasdelined asthevariance in total rapid assessment score
acrossall sites. The noise was delined asthe variance (among
observer variance) in total rapid assessment score withineach
dte. An SN ratio equal to 1 indicatesthat the variance among
sites isthe same as the variance among observers within a
site. Indicators with an S/N ratio less than 1 are not very
useful for assessing spatial patternsin site condition.

RESULTS

Overview of the ecological environment in some of the
assessment sites: Nonpoint source pollution (NSP) and the
dumping of wastes of dead chicken remains from poultry
farmsby poultry industriesarea major risk to the ecological
environment. Located at an elevation of 5-15 m, whenrain
waters wash over such land surfaces, it picks up environ-
mental contaminantsthat are ultimately deposited in surface
water in adjacent lakes and rivers. A consequence is algal
blooms. When the algae devel op and later dies off, bacteria
proliferate with the increase in organic material, using up
dissolved oxygenin thewater. Low oxygen levelscausefur-
ther plant and fish deaths, creating an acidic environment
unable to support life.

Road congtruction and biomassaccumulation on surfaces
of some ponds, but also cattle grazing, fishing, dredging,
etc., were common in the assessment area. Road can cause
the upland side of awetland to flood and the downland side
todrain, diverting the surface water flow in the processand
causing thebiological characteristicsto change. On the other
hand, biomass accumulation of algae often |eadsto anoxia,
which can cause damage to ecosystems and fisheries re-
SOurces.

Wetland assessment scor es: Final average attribute scores
for thewetland ecological systemsranged from 0.40to 1.00
(Fig. 2).

From these scores, arange-based sysemwas usedto clas-
sify and map the individual systemsfrom Poor (final aver-
age attribute score: R = 0eR<0.5to Excellent (final average
attribute score: R=0£0.7) (Table 3).

Based on our ranking system, the Zhushihu and Xianghu
are in Poor ecological conditions while the Dahuchi and
Banghu are in Good and Excellent conditions respectively

(Fig. 3).
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Table 3: Metric rating criteria (vulnerability status of AAS).

Final average O0£R<0.5 05£R<0.6  0.6ERE0.7 030.7
attribute score

R

Rating Poor Fair Good Excellent

Table4: Observer variability and signal: Noiseratio (SN) in rapid wetland
assessment scores by stressor category for the six lakes.

Combined Sp Ccv SN
mean (%)
Buffer/Landscape 8 18 22 4.4 (0.044)
Hydrology 12 23 19 5.3 (0.053)
Plant community/Habitat 10 21 21 4.9 (0.049)

Repeatability evaluation of indicator system: The rela-
tionship between pairs of observer scores was fairly tight
and showed little observer bias for al sitesin the survey
(rho =0.845, p< 0.01-two-tailed).

Among thesix lakessurveyed, the Dahuchi L ake had the
lowest repeatability (Sp = 3.15 points; S/N = 0.23<1). This
indicates that the observer-to-observer difference in the
Dahuchi Lakewere greater than thedifferencesbetweensites.

Whenthetotal rapid score is broken downinto thethree
individual stressor categories, there waslittle differencein
repeatability between categories. Individual category scores
range from 3 to 12 and 1<Sp<2.5 for all three categories
(Tabled).

Most of the individual stressorshad over 90% between-
observer agreement. The stressor associated with the most
disagreement between observers (15%) was percent of co-
dominant invasive speciesin the habitat/physical structure
category (Tableb).

The presence/absence of garbage/dumping, ditching, fill
and fragmentation, and the buffer stressors, all had over 95%
agreement between observer pairsat asite.

DISCUSSION

Managers of wetlands would like to know “how their
wetlands are doing, where wetlandsmight be under stressas
aresult of acombination of factors (abiotic and bictic), and
what precautions can be taken to avoid further degradation
of the system. In the particular case of the wetland systems
assessed in the Poyang |ake biosphere nature reserve, it is
time management begin taking urgent measuresto ensure
the security of the Xianghu and the Zhushihu, whose eco-
logical conditionsare highly threatened during the dry peri-
ods of the year. These ecological systems suffer from hu-
man activities resulting from diking and dredging, point
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Table5: Concordance between pairs of observersat each site for individual
stressor presence/absence.

% both % both % with
observers observers observer
agree agree disagree
present absent ment
Buffer/L andscape
B1: % of AA Perimeter
with 5 m Buffer 23 75 2
B2: Average buffer width 15 81 4
B3: Surrounded developed 28 67 5
B4: 250 m Landscape condition 31 67 2
B5: Barriers to landward migration 22 76 2
B6: Landscape connectivity 100 0 0
Hydrology stressors
H1: Ditching & Draining 17 79 4
H2: Fill & Fragmentation 23 74 3
H3: Diking/Restriction 37 57 6
H4: Point sources 32 58 10
H5: Hydrologic alterations 19 71 10
H6: Hydroperiod 100 0 0
H7: Hydrologic connectivity 23 65 12
Habitat/Physical structure
HAZ1: Pesticides or trace organics
impaired (PS or Non-PS pollution) 17 75 8
HA2: Garbage/Dumping 21 77 2
HAS3: Vertical biotic structure 23 65 12
HAA4: Grazing in AA 19 68 13
HAS: Percent co-dominant
invasive species 20 65 15
HAG®: Percent invasives 17 73 10

source pollution, road networks, and human settlement
around the lakes. Buildings, roads, and road ditchesalter the
timing of runoff entering wetlands, and may shift the
wetland’ s predominant sourcefrom groundwater to surface
water. Even when sewered, residentia areas contribute and
accelerate inputs of nutrients and contaminants. As human
population grows, there is the likelihood of more pressure
on the system which may outweigh its carrying capacity.

Anecologica condition assessment with ascore sheet pro-
vides a gtrong tool for assessment and monitoring, provided
that the underlying ecol ogical description/model and threats
analysesarewell developed, metricsare carefully chosen, data
are well-collected, and indicator system simple and repeat-
able. Theindicator system devel oped for the Poyang L akecan
be helpful in encouraging collection of similar data, evenwhen
users may need to pick and choose among the metrics pro-
vided for each system. Our method, though not too detailed
inclassification, isrelatively smpleand can serve acrosssec-
tion of wetland areaswhere sophigticated technology isstill a
liability. Fennessy et a. (2004) are concerned that too detailed
aclassification will hinder the ability to develop a compre-
hensve set of metricsfor all wetland types, thereby prevent-
ing rapi d-based assessments from being compl eted.
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Rapid assessment indicator system: The set of indicators
specifically devel oped here areto giverapid and cost effec-
tiveinformation to eval uatethe potential functioning of natu-
ral wetlandsin the Poyang L ake biosphere. Using these in-
dicatorsto assess the functioning of wetlands enabled usto
examine how robust the method was across wetland types.
These indicators are considered good for rapid assessment
of wetlands because, the overall process is indeed rapid,
eva uates condition and/or stressors, easy to follow, flexible
scoring, providesan overall rating, and easy to calculatethe
final score. A probable weakness could be that it includes
some* value-based” metrics such aspresence of rare species
which may score wetland higher, but is not necessarily an
indicator of condition.

The results show that some of the wetlands are in poor
condition as a result of a combination of a number of
stressors:

High-density dredging projectsare common intheentire
wetland. The practice haslead to habitat destruction and can
contribute to suspended sediments into waters adjacent to
wetlands. Intense boating activity can also increaseturbidity
and degradation of wetlands. Wetlands can be adversely
affected by pollutants released from boats and marinas.
Pollutants such as hydrocarbons, heavy metals, toxic
chemicals from paints, cleaners, and solvents, which are
common in the Poyang wetlands, may gradually buildupin
high quantities, leading to the death of the local wildlife
popul ation.

Dumping of wastes from fish cleaning and discharge of
human waste from boats, which are common phenomena,
especially in the Zhushihu ecological milieu, can increase
the amount of nutrientsand organic matter inawetland. The
increased organic matter and nutrients can lead to
eutrophication. Thewastesfrom poultry farmscould in the
nearest future build up unbearabl e nitrogen pollution. Am-
moniaemitted from agricultural sourceshasbeenimplicated
in forest decline (McLeod et al. 1990) and species changes
in the heathlands of Europe (Van Hove et al. 1987).

Road construction is also another source of stressor. A
road can cause the upland side of awetland to flood and the
downland sideto drain, diverting the surface water flow in
the process and causing the biological characteristics to
change. A road can also critically impact the subsurface water
flow in awetland, depressing the water table and affecting
the amount of groundwater available (Darnell 1976). This
depression can aff ect many water-dependent fauna.and plants.
Roadsfacilitate the alteration of the chemical environment.
Highways can introduce oil and heavy metals, such aslead,
aluminium and cadmium, which can contaminate awetland
(Adamus & Stockwell 1983). In aquatic environments
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Fig. 3: Vulnerahility status of the assessment areas at Poyang Lake.

especially, these contaminants can travel far and fast. Such
contamination can have adverseimpactson wildlife.

Non point source pollutants could be seen floating on
the surface of most of the lakes. The chicken wastes with
foul smell (H,S) were freshly depositedinthe Dahuchi Lake
during our investigations. Hydrogen sulphide isnot merely
a smelly nuisance from stink bombs or rotten eggs, it isa
highly toxic gas which interferes with cellular respiration
just like carbon monoxide and hydrogen cyanide. It isapo-
tent chemical asphyxiant, combining with haemoglobinin
red blood cellsand with intracellular cytochromes and thus
rapidly stopping oxygen from accessto cellular metabolism.
The literature on toxic effects of hydrogen sulphide to fish
has been reviewed by Adelman & Smith (1970). Smith &
Oseid (1972) reported the reduced swimming endurance of

Innocent Ndoh Mbueet al.

bluegill sunfish (Lepomis macrochirus) after exposing to
0.04 mg/L H,S. Even very low concentrations of H,S are
shown to be detrimental to fish eggs, fry and juveniles
(Adelman & Smith 1970, Smith & Oseid 1972). Long term
exposure of fish to sub-lethal levelscan cause slower growth,
increasein mortality and reduction in fecundity.

Pesticides Farmers and gardenersuse pesticides and fer-
tilizersto increase production and improve plant growth in
the Poyang area. However, their use carries seriousenviron-
mental risksfor wetlands. Pesticides harm wetlands directly
by causing immediate plant and fish kill. The effects can
linger asincreasing bacteria levels from decomposition of
dead organic matter rob water resources of dissolved oxy-
gen. Soon, the wetlands become ecol ogical dead zones, un-
ableto support any life, plant or animal.

Hydrologic connectivity between wetlands (for example,
Banghu and the Xiu River) and adjacent uplands supports
ecological function by promoting exchange of water, sedi-
ment, nutrients and organic carbon. Inputs of organic car-
bon are of great importance to ecosystem function. Litter
and allochthonousinput from adjacent uplands provide en-
ergy that subsidize the aquatic food web (Roth et al. 1996).
Similarly, connections with adjacent or upstream/down-
stream water bodies promote the import and export of wa-
ter-bornematerial's, including nutrients. Surface and subsur-
face hydrologic connections, including connections with
shallow aquifers and hyporheic zones, influence most
wetland functions, Plant and animal communitiesare affected
by these hydrol ogic connections. Plant diversity tendsto be
positively correlated with connectivity between wetlandsand
natural uplands and negatively correlated with increasing
inter-wetland distances (Lopez et al. 2002). Similarly, di-
vergty of amphibian communitiesisdirectly correlated with
connectivity between streamsand their floodplains(Amoros
& Bornette 2002). Linkages between aquatic and terretrial
habitats all ow wetl and-dependent speciesto move between
habitats to complete life cycle requirements. As shown in
Fig. 1, thesewetlandsarerecharged by twomainrivers. Itis,
therefore, necessary for management to increase effortsin
linking these wetlands, especially those.

Vertical biotic structure: Land managers can use native
plantsto maintain and restore wildlife habitat.~For instance,
on land managed for upland game animals, native warm
season grasses (switch grass, coastal panic grass, gamma
grass), and other native forbs (butterfly weed) offer good
sourcesof nutritionwithout the ecol ogical threatsassociated
with non-native forage plants. Dramatic increasesin nesting
success of both game birds and songbirds have been observed
infieldsplanted with native grasses, which also offer superior
winter cover.
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The results from thiswork can be used as a baseline to
measure future trends in wetland condition in the Poyang
L akewatershed. Changesin wetland condition can be evalu-
ated using landscape assessment methods or repeating an
inteng vefield survey of wetland condition. L andscape mod-
elscould be used to determine if changesin wetland condi-
tion are occurring on the watershed scal e based on changes
in land use patterns surrounding wetlands (Weller et al.
2007). If landscape changes are found, a more detailed as-
sessment of wetland condition by performing another
probabilistic survey using field assessment methods would
determineif dominant stressorsthat areimpacting wetlands
have changed from previous surveys. Wetland restoration
projects should continue to be monitored to determine the
functions that they are performing and how these change
over time.

Approach to evaluating assessment method: One of the
objectives of this study was to examine the utility of the
various statigtical toolsin eval uating the repeatability of our
indicator system, PRAIS. The tools we employed, i.e., Sp,
CV, and SN, measure different aspects of repeatability,
which was useful in our evaluation of PRAIS.

Sp is an absolute measure of the variation between ob-
serversin the same measurement units as the rapid assess-
ment. CV and S/N arerelative measures. Both CV and S/N
can be midleading asindicators of survey repeatability due
totheir dependence on the magnitude of the survey mean or
amount of variance among sample stes(sgnal). Anindica-
tor can be measured very precisely (low Sp) but if the sur-
vey meanisvery low youwill havealargeCV. Similarly, a
very preciseindicator in astudy where all sites have virtu-
ally the same value (no signal) will have very low S/N. For
example, two observations of Sp and different combined
means will obvioudy have different S/N ratios. Thus, it is
important to ook at both absolute and rel ative measures of
repeatability when evaluating indicators. Small sample sizes
caninfuence the S/N ratio, because thesigna may befairly
small dueto arestricted samplerange.

Kaufmannet al. (1999) reported on the effect of varying
S/N on correlations and population statistics on physical
habitat indicators in wadeable streams. They note that two
perfectly correlated variables (r /rho = 1.0) will not be
perfectly correlated if thereisany measurement variability.
If both variables have /N = 10, the theoretical maximum
observed correl ation coef(cient between them would be 0.91.
Similarly, if both have S/N of 2, the maximum (rho) would
be 0.67 and for /N of 1, the maximum (rho) would be 0.5.
Kaufmann et al. (1999) al so reported that while varying SN
had no bias on measures of popul ation means and medians
from survey data, it did cause increasing bias in other
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population percentiles with decreasing S/N. S/N>10 had
insignilcant bias on percentiles whereas S/N=1 could
overestimatethe proportion of sitesexceeding criteriavalues
by afactor of 1.5. They believed that metrics or measurements
with an S/N<2 weretoo impreciseto usein surveysdesigned
to quantify proportions of siteswithin variouscriteriaranges.
In the case of PRAIS, 4<S/N<5 and indicated that it would
be anear robust indicator for spatial surveysif both observers
were of the same experiencelevel.

It should berecalled that thisassessment was carried out
without thorough training on the use of the indicator sys-
tem. However, our indicatorswere quite simple and easy to
understand. This probably explains the reason for the low
variability in our results (observer-to-observer) despite the
different level s of understandings of wetland ecological sys-
tems. We agree with Herlihy et al. (2009) that the experi-
encelevel of the observer haslittleimpact on the repeatability
of thefinal rapid assessment score, provided effectivetrain-
ing and designisundertaken. Information about repeatability
can beused in power analysisto detect differencesbetween
sitesand in trend detection. Additionally, quanti(cation of
the repeatability of themethod isneeded to fully understand
and interpret survey results.

Metzeling et al. (2003) have also noted that untrained/
inexperienced/novicescan conduct rapid macroinvertebrate
assessmentsand obtain results similar to expertsin terms of
assembl age ordinations. They also noted that thorough train-
ing of crews was essential. In our review of the literature,
we found very few studiesthat quantiGed the observer vari-
ability in rapid assessment scoring. This is somewhat sur-
prising, because conlidence in any rapid method requires
some system to insure that different users get repeatable and
comparableresults.

M anagement implications: When afunctional assessment
methodology such as PRAIS provides a single score for
wetland function, important information could be missed.
Two wetlands could easily have the same PRAI S score but
for quite different reasons. Understanding why a wetland
has a particular score is important from a number of per-
spectivesincluding resource management, assessing resto-
ration potential, or evaluating temporal trends in wetland
function. Each of the variablesthat are used to deriveasin-
gle PRAIS score providesimportant information and insights
to wetland function. The importance of paying attention to
these variablesindividually cannot be overstated. Wetlands
do not perform all functions equally. Understanding what
functions are lacking or have low potential for a wetland
certainly provide important information for potential resto-
ration strategies. L ow PRAI S scoresfor these wetlands could
mask the successin achieving the desired goa swhile atten-
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tion totheindividual variableswould provide abetter indi-
cation of whether the wetland had the potential to achieve
the desired function. No indication of what factors need to
be better managed to improve wetland condition-how would
you expect amanager to use theinformation on wetland con-
dition?

CONCLUSION

Thisresearch highlightswhere wetlandsarevulnerable asa
result of a combination of a number of key stressorsin the
Poyang lake biosphere, China and suggests that these
stressors are both natural and highly related to human ac-
tivities. The Xianghu and the Zhushihu are the most highly
affected. On the whole, one of the lakes in the assessment
area (the Banghu) is in excellent condition, one (the
Dahuchi), in good condition, two (Shahu and Zhonghuchi)
infairly good conditions, and two (Zhushihu and Xianghu)
in poor condition. Thisinformation servesas early warning
signsto management, especially as population growth may
increase the intensity of stressors on the already degrading
systems. There is, therefore, need for a monitoring system
to be put in placein order to mitigate probable adverse eco-
logical health Situationsdiscussed in this paper. Repeatability
was similar across sites. When the total rapid scoreis bro-
ken down into thethreeindividual stressor categories, there
waslittle differencein repeatability between categories.

Information from multiple aspectsof the environment is
included because of the use of a combination of metrics, it
can be used to determine the condition of similar wetlands
in that region, the ability to determine which sites are de-
graded and then conduct further assessments to determine
actual causesof degradation, the outcomeisquantitativeand
easy for policy makersand the general public to understand,
the method is based on actual attributes of the assemblage
evauated. However, certain challengesremain:

1. The hydrologic and ecological requirements (depth of
water, water temperature, salinity, sediment tolerances,
vegetative needs, etc.) of many wetland speciesare poorly
understood. Many biological, chemical and physical
processes are also only partly understood.

2. Thereisaneed for further field testing of metrics and
evaluation of the ability to generalizethese resultsacross
broad categories of wetlands. The use of more than two
trained field investigators (though may not be necessary
asthey are already trained) could reducethe standard error
of themean likely to be associated with this activity.

3. Becauseitisdifficult to develop real (ratio) numbersin
ngwetlands, our rapid assessment technique utilize
non ratio numbers to help assess wetland functions or
conditions (e.g., nominal scale 3-12). Though
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scientifically meaningful, such numbers cannot ordinarily
bevalidly added or subtracted. They are also subject to
manipulations and maybe misleading in calculating
compensation needs.

4. The numeric estimates PRAIS intends to provide of
wetland functions, values, and other attributes are not
actual direct measures of those attributes, nor the prod-
uctsof validated mechanistic model sof ecosystem proc-
esses. Rather, they are estimates of those attributes ar-
rived at by using standardized scoring modelsthat sys-
tematically combine well-accepted indicators. Scoring
model s have not been validated in the sense of compar-
ing their outputs with those from long-term direct meas-
urement of wetland processes. That isthe case because
thetime and cost of making the measurements necessary
to fully determine model accuracy would be exorbitant.
Nonetheless, the lack of validation isnot, by itself, suf-
ficient to avoid use of any standardized rapid method,
because the only practical aternativerelying entirely on
non-systematic judgmentsor best professional judgment
is not demonstrably better in many cases. When prop-
erly applied, PRAIS s scoring models and their indica-
tors are believed to adequately describe the relative ef-
fectivenessin performing thefunction.

5. Assessment of many onsite and offsite factors which
determine functionsand valuesincluding overall hydro-
logic, ecological, social contextsistime consuming, ex-
pensive and requires multi-disciplinary expertise. The
Poyang wetlands and rel ated resources are complex and
large amountsof information are needed to describerel-
evant plants, animal s, soils, geology, hydrology and other
features. For example, effortsto assess biodiversity are
complicated by the broad range of hydrological niches
within asinglewetland related to the depth of water, satu-
ration, flooding, soilsand plant and animal species. And,
these ni ches shift somewhat throughout asingle year and
over aperiod of yearsaswater levels change. This pre-
vents simple characterization of a wetland as a whole
without analysis of more specific sub zones within a
wetland over time.

Water level fluctuations in the Poyang area also mean
that it isdifficult to use a single observation of wetland hy-
drology, plants, and animals to describe or characterize a
wetland. Time-series information is needed. Evaluation is
also difficult because mogt wetlandsare atered (e.g., partial
drainage) and further changesare occurring in water regimes
dueto manipulation of those regimes(e.g., dredging, dyking)
or watershed development). Finally, evaluation of value is
difficult because different segments of society feel differ-
ently about various functionsand attri bute change over time.
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