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Abstract
This paper arose from collaboration and discussions over the past years between the authors about what wetlands should be
restored to in landscapes that have been intensively altered due to human activities over many centuries and where reference
conditions are lacking. It is not intended as an in-depth review of the thinking about reference conditions, but as an opinion paper,
with the goal of stimulating discussions about wetland restoration approaches, particularly in regions around the world with
highly altered landscapes where restoration of wetlands has been gaining traction only relatively recently. We first explain why
the thinking on reference wetlands is biased towards North America, where large areas exist with wetlands that are relatively
unimpacted by anthropogenic activities. We then argue that in regions with few unimpaired wetlands those of fair condition may
still be good enough to be used as reference wetlands, and that restored and created wetlands should be considered as well.
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Introduction

A large proportion of wetlands in the world are situated in areas
that are also attractive for development for human purposes. For
example, many of the largest wetland complexes in regions with
temperate climates, such as the Prairie Pothole Region in North
America and the Sanjiang Plain in Northeast China, are also well
suited for agricultural activities. Similarly, coastal regions, home
to the world’s salt marshes and mangrove forests, are also where
most of the world’s human population live because of the poten-
tial for economic development centering on trade. Most major
urban and industrial hubs around the world, such as Shanghai,
Rotterdam, and San Francisco, are situated near estuaries. It is
therefore no surprise that many wetlands have been lost due to

agricultural and industrial development. Around theworld, losses
of wetlands in terms of area and numbers amount to more than
50% since 1900, probably closer to 70% since 1700 (Davidson
2014), and in several regional instances, such as the Sanjiang
Plain in northeast China, exceed 80% (Mao et al. 2018; Zou
et al. 2018). As a result, all ecosystem services provided by
wetlands, including hydrological buffering, pollutant removal
and biodiversity, have been markedly diminished (Zedler and
Kercher 2005; Yan and Zhang 2019). In turn, the realization that
loss of wetlands has serious impacts on economies and the
wellbeing of humans has led to measures to slow down loss of
wetlands through legislation and disincentives, as well as com-
pensation for losses by restoration. The success of thesemeasures
is difficult to assess, because reliable data on losses of wetlands
around the world do not exist. However, one indicator of success
is provided by the US Fish and Wildlife Service’s monitoring of
wetlands, which showed that restoration and construction of new
wetlands compensated for losses of freshwater wetlands over the
period 2004–2009, at least in terms of surface area (Dahl 2011).
Another question, however, is how successful restoration of wet-
lands is compared to their state prior to disturbances occurred. It
is one thing to decide that a particular wetland should be restored,
but then the question arises: To what? In order to answer that
question, it needs to be known what the condition of a wetland
was before the disturbance occurred. If the disturbance occurred
in relatively recent times, records of the wetland in question may
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exist in the form of surveys on hydrology, soils, water quality and
biology, and aerial or even satellite images may exist. It may also
be that relatively undisturbed wetlands similar to the one needing
restoration exist and can be used as examples. The problem is, of
course, that in many regions of the world, wetlands have been
impacted intensively by human activities for centuries, particu-
larly in Asia, Europe andAfrica. Relatively unimpactedwetlands
are more common in the Americas and Australia, because inten-
sive impacts onwetlands due to human activities are quite recent,
after colonization by Europeans. The Americas have large areas
with very low population densities where wetlands that have
been little impacted by human activities are fairly common.
This is why it is possible for North America to have a relatively
high abundance of so-called reference wetlands, defined by
Brinson and Reinhardt (1996) as “… sites within a specified
geographic region that are chosen, for the purposes of functional
assessment, to encompass the known variation of a group or class
of wetlands, including both natural and disturbance-mediated
variations”. Smith et al. (1995) posited that “In theory, it should
be possible to simply characterize the conditions found in undis-
turbed wetland ecosystems and landscapes to establish reference
standards”. In the USA efforts are ongoing to create a National
Reference Wetlands Registry (Brooks et al. 2016). Of course, in
the USA as well, large areas with wide-spread and high levels of
anthropogenic impacts on wetlands exist, particularly in the east-
ern half.

The situation in countries like China is very different.
China has no specific laws protecting wetlands (Meng et al.
2017) but has the ambitious China National Wetland
Conservation Action Plan since 2000, which aimed to estab-
lish 713 wetland reserves—with more than 90% of natural
wetlands effectively protected by 2030 (State Forestry
Administration 2006; Wang et al. 2012). As part of the efforts
to improve wetlands and water quality, major efforts have
been taking place to restore wetlands and include ‘eco-com-
pensation’ policies (Dai et al. 2021). However, in China with
its millennia-long history of human impacts on the land and
present-day high population density resulting in high demands
for food production and clean water, deciding on what wet-
lands should look like after restoration is more difficult than in
regions like North America. Information on what wetlands
looked like before intensive human impacts occurred is not
available, and ‘undisturbed’ wetland ecosystems are non-
existent in most regions. Yet, in order to ensure that wetlands
are optimally restored within the limitations of regional con-
ditions, it is essential that a network of reference wetlands is
established. This would not only assist with restoration of
wetlands, but also with further protection of wetlands in good
condition.

The aim of this paper is therefore to explore what should be
the considerations to establish a network of reference wetlands
in regions with highly altered landscapes, such as China. The
big question is: lacking undisturbed wetlands, which criteria

would need to be satisfied for a wetland to be considered as a
reference wetland in highly altered landscapes? This question
does, of course, not only apply to China, but is of relevance to
many countries in the world where wetlands have been im-
pacted intensively by human activities, particularly across
Asia, Europe and parts of Africa.

A Brief History of Reference Wetlands

We do not intend to provide an in-depth review of reference
wetlands here, but it helps to understand a little bit about the
history of thought about reference conditions. The idea to use
reference conditions for environmental conditions is, of course,
nothing new. Even in ancient times, people understood when
their environment was polluted (Borsos et al. 2003), and most
countries have standards for what are non-polluted conditions
for air, soils and water. However, what exactly defines ‘pris-
tine’ or ‘natural, undisturbed’ conditions for entire ecosystems
is another matter. As far as waters are concerned the use of
reference conditions for comparative studies emerged from re-
search on streams. A search on 16 November 2020 of the Web
of Science using the term ‘Reference stream’ under ‘Topics’
returned as the earliest mention a paper by Guthrie et al. (1978)
who compared contaminated streams with a ‘reference stream’.
A similar search for the term ‘reference wetland*’ returned a
total of 264 articles with Landin et al. (1989) as the earliest.
Landin and co-workers compared one of the first habitat devel-
opment projects built by the U. S. Army Corps of Engineers on
an artificial island built from dredge material with three nearby
natural wetlands. The term ‘reference condition’ is not neces-
sarily mentioned, but the same thinking was developed around
the same time by ten Brink (1991), who compared the diversity
and abundance of the Wadden Sea, a large and important wet-
land complex along the coasts of The Netherlands, Germany
and Denmark, with observations from the 1930s, which was
considered to be before major impacts from activities such as
gas drilling and large-scale fishing had commenced. Around
that same period Brinson and co-workers developed the idea of
reference wetlands and expanded it (Brinson 1993; Smith et al.
1995; Brinson and Reinhardt 1996; Brinson al. 1998). Of
course, not all reports use the term ‘reference’when comparing
impacted with unimpacted conditions. For example, the term
‘control wetland’ has been used as well and if that term is used
in a search (about 30 results, dismissing thosewhere ‘control’ is
a verb, as in “…the processes that control wetlands…”) the
earliest mention was by Hughes et al. (1997).

So, What are Reference Wetlands?

As already mentioned above, a reference wetland is a wetland
that displays “conditions found in undisturbed wetland
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ecosystems and landscapes” (Smith et al. 1995) and that “en-
compass the known variation of a group or class of wetlands,
including both natural and disturbance-mediated variations”
(Brinson and Reinhardt 1996). That is a great idea, but easier
said than done, because the question then arises howwe assess
the variation of a group of wetlands. One approach is to mea-
sure ecosystem services. Findlay et al. (2002) used that ap-
proach to assess variation in ecosystem services in tidal fresh-
water wetlands on the Hudson River (New York, USA) and
concluded that “Functions varied dramatically among wetland
sites, with scores summed across functions ranging from 16–
70% of the maximum possible” and “Some functions (e.g.,
surface water exchange and breeding bird habitat) were neg-
atively correlated indicating that one site cannot maximize all
potential functions”. In other words, within a group of similar
wetlands there is wide variation in ecosystem services and
there is not one wetland that optimizes all of them. This pre-
sents a problem, because to what then should impaired wet-
lands be restored? And how reliable then are estimates of
success of restoration, such as in the meta-analysis by
Moreno-Mateos et al. (2012), who stated that “Here, we pres-
ent a meta-analysis of the biological structure (driven mostly
by plant communities) and biogeochemical functioning (driv-
en primarily by the storage of carbon in wetland soils) of 621
wetland sites. Our analysis suggests that even a century after
restoration efforts, these parameters remained on average
26 % and 23 % (respectively) lower in restored or created
wetlands than in reference wetlands.” We are not suggesting
here that the work by Moreno-Mateos and co-workers is in-
valid or flawed, there is little doubt about our inability to
restore wetlands back to their original state. However, in light
of the observed variation and interactions from the study of
Findlay et al. (2002) mentioned above, it raises questions
about how well we are able to assess success of restoration.
This problem was also recognized by Moorhead (2013), and
in a recent study by Strojny et al. (2020), who found that “The
results of the study demonstrate that higher quality vegetative
communities were achieved when restored sites were actively
managed for vegetation in fresh (wet) meadow wetlands.
Similar benefits were not observed in shallow marsh or shal-
low open water communities”. The latter suggests that similar
approaches to restoration lead to different outcomes, depend-
ing on the type of wetlands.

So, that brings us back to square one: how do we define
reference wetlands and how should we use them for compar-
ison with impaired wetlands and their restoration? Brooks
et al. (2016) recognize that wetlands within certain categories
show wide variation, not just across space, but also across
time, as wetlands change continuously. They distinguish be-
tween ‘reference wetlands’, defined as “Wetland sites that
encompass the variability of a regional wetland type in a ref-
erence domain, including representatives of natural or quasi-
natural wetlands that either occur presently in the region or

occurred there at one time” and ‘reference standard wetlands’,
which are “The sites within a reference wetland dataset from
which reference standards are developed.“ In their proposal
for a National Reference Wetlands Registry, a network of
domains with sets of reference standard wetlands and refer-
ence wetlands would span several gradients, and “should in-
clude, at a minimum, the full range of common types of wet-
lands across natural physiographic and climatic gradients, and
the range of conditions from minimally disturbed (ecological-
ly intact) to severely disturbed sites (degraded ecological in-
tegrity and functions)”.

Of course, what exactly is minimally disturbed, good con-
dition has been the subject of discussions and research over
the past decades. In the USA this is formally coordinated by
the US Environmental Protection Agency under the National
Wetland Condition Assessment (US EPA 2020). That assess-
ment is based largely on surveys of the vegetation (see also
Matthews et al. 2009; Matthews and Spyreas 2010), which
“can reflect and integrate different components of wetland
ecosystem integrity and serve as an effective indicator of wet-
land condition” (US EPA 2016), and divides wetlands into
three condition categories: good, fair and poor. It found that
nationally, 48% of the wetland area was in good condition,
20% in fair condition and the remaining 32% in poor condi-
tion. In the USA then it is possible in many cases to find
wetlands of good condition to use for comparisons with im-
paired wetlands (e.g. Weaver et al. 2012; Kurtz et al. 2013;
Lewis et al. 2019), even though most studies do not select
reference wetlands based on criteria other than that they are
considered ‘natural’, ‘unimpaired’. The Web of Science
search mentioned before using the search term “reference wet-
land*” in ‘Topic’ returned 207 articles. Of those, 155 came
from the USA and 29 from Canada, countries which have
much in common in terms of scientific culture, legislation
pertaining to protection of clean water and wetlands, and both
of which still have large areas with low population densities
and with relatively low impacts on wetlands from human ac-
tivities. In other words, unimpaired wetlands, of good condi-
tion, are relatively easy to find there. But what is the situation
in regions that are impacted by many centuries of human
activities and high population densities?

Wetlands in Highly Altered Landscapes

The authors of this article have intimate knowledge about
regions with highly altered landscapes. Otte was born and
raised in The Netherlands, Fang in Taiwan, and Jiang in
China, and they have collaborated in research and education
on wetlands (e.g. Fang et al. 2016; Wang et al. 2019). The
topic of this paper arose from discussions about the question
what wetlands should be restored to in highly altered regions.
In The Netherlands, wetlands are protected under the Ramsar
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Convention (Ramsar 2014), Natura 2000 (European Union
2020), and the Nature Conservancy Act (Government of
The Netherlands 2020a), https://www.government.nl/topics/
nature-and-biodiversity/protected-nature-areas, and
management and restoration are also guided by the EU
Water Framework Directive (see for example Moss 2008;
Wiering et al. 2020), much of which goes back several de-
cades. But in China and Taiwan, efforts to improve water
quality and protect wetlands are much more recent. In
China, wetlands are protected at the level of the Province, such

as in Heilongjiang (People’s Congress of Heilongjiang
Province 2015), but there are no national laws. However, as
already mentioned, China has its National Wetland
Conservation Action Plan since 2000 (State Forestry
Administration 2006). Taiwan passed its Wetland
Conservation act in 2013, which was implemented in 2015
(Su 2014). Unlike the USA and The Netherlands therefore, the
legal framework to provide funding for management and res-
toration, and the thinking about what wetlands should be re-
stored to, is much more recent.

Fig. 1 Expansion of aquaculture along the coast north of Dalian, Liaoning, China), not just out to sea, but also more inland into estuaries. Top December
1984, bottom December 2016. (Google Earth Pro, accessed 19 November 2020
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The problem is that in regions with highly altered land-
scapes, such as much of China and Europe, southeast Asia,

and parts of Africa, wetlands that are relatively unimpaired
occur only in places that have been hard to reach by people.
And even if hard to reach, wetlands are often impaired, for
example because their water is drained for use by people liv-
ing well away from the wetland, as was brilliantly described in
the book ‘Cadillac Desert’ by Reisner (1986). In
The Netherlands and neighboring countries, unimpaired wet-
lands do not exist. Even if they look natural, waterways have
been altered and managed for centuries, which means that the
hydrology of wetlands has changed almost without exception,
and almost all wetlands have been polluted (e.g. Verhoeven
and Setter 2010; van Eerden et al. 2010; Government of the
Netherlands 2020b). In China, the need for food for its large
populationmeant agriculture encroached the riparianwetlands
of the Sanjiang Plain, one of the largest wetland complexes in
China. In 1950, the total area of natural wetlands in the
Sanjiang Plain was 35.7 × 103 km2, but by 2015 this was
reduced to 6.9 × 103 km2. Over the last 60 years, a network
of 8772 ditches with a total length of 28,675.4 km was
established. The total area of wetlands in the Sanjiang Plain
that was lost due to conversion to agriculture approaches
91.0% (Mao et al. 2018; Zou et al. 2018). The general ap-
proach to converting wetlands to agriculture in the Sanjiang
Plain has been to construct low levies to prevent the shallower
areas along the rivers from flooding and to make it easier to
control water levels for rice production. This means that the
wetlands that are still there, and they are still impressive, are
all deeper, permanently submerged marshes dominated by
emerging vegetation. This is an example of what has hap-
pened all over the world, where the shallow parts of riparian

Fig. 2 Creation of polders in The Netherlands, 1300–2000. https://i.
imgur.com/l0YnvPT.png, by reddit user Theman77777, with
permission. The approximate location of the Oostvaardersplassen,
discussed here, is also shown

Fig. 3 Map of elevations (m) and
population density by village
(residents by km2) of
Taiwan. Sources: https://
commons.wikimedia.org/wiki/
File:Taiwan_population_density_
map.svg and https://commons.
wikimedia.org/wiki/File:Taiwan_
relief_location_map.png
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wetlands have been changed into cropland and intensive graz-
ing land, often with dykes channeling the rivers. As a result,
what is left of riparian wetlands in such regions is biased
towards permanently flooded marshes. Shallow marshes and
wet meadows are all but extinct. This is also true for coastal
wetlands, which have been impacted, among others, by dykes
for protection against flooding and for creation of new land,
and by development of shallow areas for aquaculture (Fig. 1).

Shallow lakes in low-lying regions have not fared better –
many of the polders for which The Netherlands is famous
were shallow lakes and peatlands, from which the peat was
extracted for fuel, then pumped dry to prevent expansion of
the lakes and flooding of surrounding communities, as well as
to create dry land for agriculture, industry and housing, see
Fig. 2 and Wolff (1992). The upper boundaries of coastal and
estuarine marshes are typically defined by dykes (See also
Verhoeven and Setter, 2010).

In Taiwan, most of the population of 23.57 million people
live on a narrow strip along the west coast, between the sea
and the steep mountains which rise to almost 4000 m eleva-
tion. The capital Taipei, likeWashington DC in the USA, was
built in a low-lying basin consisting mostly of wetlands. The
land between Taipei on the northern end of the island and the
second-largest city of Kaohsiung on the southern end consists
mostly of interconnected smaller cities interspersed with small
patches of land used for small-scale agriculture that for many
centuries have supplied the population with food (Lee et al.
2015) (Fig. 3).

There are many small wetlands, but none are unimpaired.
Taiwan and China are also good examples of situations other
than deep waters where wetlands of good condition might
occur, that is in mountainous regions. In Taiwan, several wet-
lands in the mountains are relatively unimpaired and
protected, such as Menghuan pond in Yangmingshan
National Park (Yu et al. 2013). In China, the Zoigê Marsh,
also known as Ruoergai Marsh, in the eastern part of the
Qinhai-Tibetan Plateau (QTP) and a Ramsar site, is largely
unimpaired, though threatened (e.g. Wu et al. 2018). From
the 1970 s to 2010 s, the total area of wetlands on the QTP
was reduced from 114.7 × 103 km2 to 106.1 × 103 km2. Wet
meadow was the most common type of wetland in this region,
with a total area of 66.1 × 103 km2 in 1970 s, occupying more
than half (57.6 %) of the total wetlands. However, the area of
wet meadow decreased by 15.6% to 55.8 × 103 km2 in the
2010 s. The most remarkable change of wetlands on the
QTP was a decrease in marshes while open water lakes in-
creased (Xue et al. 2018). The changes are attributed mostly to
climate change – direct human impacts are much less pro-
nounced, no doubt due to the high altitude of the QTP, which
averages 4000 m.

The point is, in regions highly impacted by human activi-
ties for many centuries, landscapes have been altered any-
where where access was easy and as a result, wetlands of good

quality as defined in the US National Wetland Condition
Assessment are very rare. In addition, those wetlands in such
regions that are of good quality cannot be used as reference
wetlands for types of wetlands that need restoration most ur-
gently – a wetland high up on a mountain does not represent a
reference condition for restoration of a wetland in the low-
lands. In fact, a wetland of good condition can only be a
reference wetland for a wetland needing restoration if they
are within the same ecoregion, with similar soils and land-
scape attributes. The question then becomes what approach
should be used to determine benchmarks of success for resto-
ration of wetlands in such highly altered landscapes?

Reference Wetlands in Highly Altered
Landscapes

Brinson and co-workers (Smith et al. 1995; Brinson and
Reinhardt 1996) regard reference wetlands as consisting of a
suite of wetlands within a certain group or class and within a
region that display the representative range of natural and
disturbance-mediated variations. Reference standards would
represent the conditions exhibited by the subset of reference
wetlands that correspond to the highest level of functioning of
the ecosystem across a suite of functions (Brinson and
Reinhardt 1996). This is written from a North America-
centric perspective, because wetlands displaying the highest
level of functioning can still be identified, at least in regions
with very low population densities, such as the peatlands of
northern Canada and the Prairie Pothole region, which
stretches across Alberta, Saskatchewan, and Manitoba in
Canada, and Montana, North Dakota, South Dakota,
Minnesota, and Iowa in the USA. In the regions we are
discussing here, what would be considered the highest level
of functioning is lower than what would meet that standard in
North America. We make this statement not based on any
comparative studies, because it is not possible to compare
wetlands from different continents, but on common sense.
Wetlands in highly altered landscapes have been and are being
continuously impacted by, for example, changes in hydrology
due to active water management, by pollution, not just chem-
ical but also light and noise, and by invasions of non-native
species. And we are also not talking about the situation ad-
dressed by Brewer and Menzel (2009), who, despite what
seems to be an applicable title here (‘A method for evaluating
outcomes of restoration when no reference sites exist’), ad-
dress an entirely different situation where the focus is on res-
toration of habitat for one or a few species in ecosystems that
are otherwise of good condition. In the situation we are
discussing here, wetlands that are considered to be of
‘Good’ condition, as in the US National Wetland Condition
Assessment, do not exist. At best, most would be considered
to be of Fair condition.
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Brinson and Reinhardt’s idea that the reference standards in
those situations correspond to the highest level of functioning of
the ecosystem across a suite of functions can of course still be
applied. One action that is urgently needed is to identify those
wetlands that represent the best condition within the context of
the region. Ideally, every country and region in the world should
strive to establish a database along the lines of the National
Wetland Inventory (NWI) in the USA (USFWS 2020). In much
of Europe where the wetlands are is well known and they are
monitored at least for water quality, but databases like the US
NWI do not exist. Taiwan (see for example Taiwan’s Ramsar
Wetland Citizen 2020) and China (See Mao et al. 2020) have
only started that process for about a decade. South Korea, also
with a long history of altering landscapes and high population
density, has had a Wetlands Conservation Act since 1999
(Republic of Korea 2019), but most countries in the world do
not have laws specifically protectingwetlands. In those countries,
some wetlands may be protected by the Ramsar Convention,
perhaps also as part of larger protected areas, such as national
parks, and indirectly by laws such as those regulating water
quality. However, most wetlands are in peril of being further
impacted by growing populations and resulting demands for re-
sources and food. Another action then that is urgently needed is
to further protect wetlands through laws and regulations. Once it
is known exactly where the wetlands are, their condition should
be assessed. Information on water quality may already exist, but
reliable information about biodiversity is usually lacking. This
information is not only needed to choose appropriate wetlands as
reference for restoration projects, but it will also aid in the devel-
opment of management practices and further measures for pro-
tection. Once locations and conditions are known, it is much
easier to select wetlands that can qualify as refence for restoration
projects.

We propose that identification of reference wetlands
should then follow these guidelines.

1. Wetlands of good condition as reference wetlands

As already mentioned, we are not saying that wetlands in
‘Good’ condition, as defined by the US National Wetland
Condition Assessment, do not exist at all in highly altered
landscapes, but that those that fit that description are typically
in places that prevented high anthropogenic impacts because
of their location in hard-to-reach places. Those systems are
biased towards deeper marshes along rivers and lakes and
towards high elevations. Where the focus of restoration is on
deeper marshes or higher elevations, wetlands that are in good
condition may still exist, and so could be used as reference
wetlands. An example is the study by Lu et al. (2019). Such
wetlands not only serve as suitable comparisons for restora-
tion but may also provide biotic materials such as plant prop-
agules or entire organisms to be reintroduced, by natural or
artificial means, into restored wetlands.

2. Wetlands of fair to Poor condition as reference
wetlands

Most of the wetlands in regions that have had dense popu-
lations for long periods of time that are not in hard-to-reach
places are of Fair condition at best. In areas such as
The Netherlands, for example, pollution of surface waters is
a widespread problem (e.g. Rozemeijer et al. 2014) and most
of the landscape has been hydrologically altered for centuries
(van Eerden et al. 2010; Verhoeven and Setter 2010).
According to the Second National Wetland Survey in China,
the area of wetlands decreased by 33,700 km2 from 2003 to
2013 (Jiang et al. 2018), a number which would have been
much higher, were it not for its National Wetland
Conservation Action Plan. The conversion from an agricultur-
al to an urban landscape in Taiwan led to dramatic changes in
hydrology (Lin et al. 2007; Lee et al. 2015). In those cases,
still, wetlands that are of the best possible condition should be
used for reference, although other factors must be taken into
consideration as well, such as wetland type and proximity. For
example, Wu et al. (2019), studying wetlands in the Sanjiang
Plain in China, sampled “27 wetlands across a range of con-
ditions, from reference wetlands in Natural Reserves to those
affected by adjacent, intensive agriculture in the Sanjiang
Plain, China”. That choice of reference wetlands implies that
wetlands in reserves are of better condition than wetlands
within the same ecoregion that are adjacent to agricultural
activities. It does not mean that these were shown to be of
‘Good’ condition. It is a pragmatic approach, and in fact an
approach that has been used by most researchers, practitioners
and managers around the world. Wetlands that are of a better
condition in close proximity of impaired wetlands, regardless
of how good that condition is perceived, are more likely to be
comparable than wetlands of even better condition but at a
much greater distance, because that also means other factors
vary, such as microclimate and connectivity to other waters
and ecosystems, which in turn affect biodiversity and biogeo-
chemistry. In fact, the ability to recognize what is a ‘Good’
reference condition means that many wetlands of varying con-
dition, including ‘Fair’ and ‘Poor’, must be in relatively close
proximity and in similar landscapes and climate conditions. In
other words, such comparisons are really only possible if wet-
lands are present in large clusters of similar wetlands within
the same region, such as, for example, the millions of
depressional wetlands of the Prairie Pothole region stretching
across the northern plains of Canada and the USA (e.g.
Badiou et al. 2011; Smith et al. 2016). And even when many
wetlands of a particular type are present in close proximity, it
may still be that few examples of such wetlands in ‘Good’
condition are present, for example in the case of coastal wet-
lands. These change constantly and relatively rapidly over
time due to natural processes, spatially with latitude and lon-
gitude, and are typically also highly impacted by human
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activities (Kennish 2001). Therefore, even if a coastal marsh
in ‘Good’ condition can be found, it likely is not of much use
as a reference wetland, and less so the further away they are
from the wetlands it is being compared with. This does of
course not mean wetlands should not be restored if reference
wetlands are not available in the vicinity. The metrics used to
assess success of restoration, such as increases of biodiversity
and enhancedwater purification ability are certainly indicators
of improvement. It just means that the question of how well a
wetland has been restored remains unanswered. This brings us
to another category of potential reference wetlands: restored
and created wetlands.

3. Restored wetlands as reference wetlands

In the situation where reference wetlands even of ‘Fair’ con-
dition or better are not present, and for which historical data do
not exist either, as is the case in most highly altered landscapes
around the world, restored wetlands may be the next best thing.
Typically, wetlands that were restored still had many
characteristics of the condition before disturbances degraded
them, and restoration returned some of those characteristics,
such as hydrology and biodiversity, towards their original
condition. In fact, Verhoeven and Setter (2010) argue that higher
diversity is observed in wetlands in landscapes that include tra-
ditional (as opposed to modern, industrial) agricultural practices.
However, Moreno-Mateos et al. (2012) in ameta-analysis of 621
restoration projects of different ages found that hydrology can be
restored to close to 100% of pre-disturbance condition, but bio-
geochemistry and biodiversity to about 80%. Similarly, Gebo
and Brooks (2012), comparing 72 wetlands restored in
Pennsylvania found that “mitigation sites displayed lower poten-
tial to perform a characteristic wetland function than reference
wetlands”. Despite the shortcomings, we propose here that wet-
lands that have been well restored, even if biogeochemistry and
other ecosystem services are less than 100% of pre-disturbance
conditions, could be used to guide new restoration projects. This
is somewhat of a circular argument, because absent ‘Good’ con-
dition wetlands how would it be determined that it was ’good
enough’? This is where common sensemight help: If it looks like
a wetland and smells like a wetland, it probably is a wetland.
That approach is certainly not scientific, but there are too many
regions in the world where that is all that can be done. Wetland
scientists and practitioners must face that reality. Creating a rec-
ognizable wetland may only be the first step in a longer succes-
sional or management time period during which the wetland is
directed toward a different or more desirable endpoint and which
may not be similar to prior conditions or to a wetland type found
in that geographic region. How that might work is exemplified
by Qionghai Lake near the city of Xichang, in Sichuan, south-
west China, where two of the authors visited, Otte in 2014 and
Fang in 2015. Qionghai Lake (27.85 °N, 102.28 °E) is the
second-largest lake in Sichuan Province and had been severely
impacted by anthropogenic activities for many decades (Chen

2013). As a result, water quality had deteriorated and biodiversity
had decreased, threatening the ecosystem services it provided.
One such ecosystem service included being a ‘scenic spot’which
started to attract increasing numbers of tourists over the past
decade and brought immediate economic benefits to the remote
region. Huge efforts were therefore taken to restore the wetlands
and improve the water quality of the lake. Many small pleasure
craft were removed from the lake, buildings on the shore of the
lake were torn down, aquaculture ponds restored to emergent
wetlands, and ecotourism further developed to support the ethnic
minority Yi people (see also Deason 2018). Many kilometers of
boardwalks were constructed, as well as a visitor center with
outstanding exhibits and information, all part of what is now
the ‘Qionghai Luojishan National Scenery Spot’. Walking
around that wetland for hours, one could be forgiven to think
this was a wetland of pretty good condition (Fig. 4).

So, if no comparable wetlands exist in a region that are of
good enough condition to serve as reference wetlands, why
not use restored wetlands of the best available condition for
that purpose? And if that is acceptable, can new, created wet-
lands, in places where no wetlands existed before, be used as
reference wetlands?

4. Created wetlands as reference wetlands

The idea that created wetlands provide valuable ecosystem
services is not new. For example, it has been well-known that
small artificial ponds in agricultural landscapes provide im-
portant habitat for birds and amphibians (e.g. Fang et al. 2009;
Hartel and von Wehrden 2013), but it would be hard to argue
that such ponds provide good examples for restoration of wet-
lands. However, what if a wetland that has all the characteris-
tics of a wetland of good condition were to be created in a
place where such wetlands did not exist before? That is not a
hypothetical question, because such a wetland exists in the
form of the Oostvaardersplassen in The Netherlands, which
was created not through advance planning, but by accident
(van Dobben 1995). As the last ‘polder’ in the Netherlands
was established by pumping water from an area isolated from
the IJsselmeer by a ring dyke in 1970, it proved difficult to
drain the lowest areas, which were originally designated for
urban and industrial development. Instead, mudflats turned
into marshland, which in turn attracted birds that had not been
observed nesting in the Netherlands for decades. Over the now
50 years of its existence, it became established as a protected
nature reserve, is now part of a National Park called ‘Nieuw
Land’ (Meaning ‘New land’, https://www.staatsbosbeheer.nl/
Natuurgebieden/oostvaardersplassen) and a Ramsar site
(https://rsis.ramsar.org/ris/427). It continues to be a hotspot
for research on wetland-related topics such as ‘rewilding’
(e.g. Vera 2009, Lorimer and Driessen 2014, van Klink
et al. 2020). It is also the subject of considerable controversy
considering its management (Theunissen 2019), but it cannot
be disputed that it is a wetland of good condition by most
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measures, supporting high biodiversity and low levels of pol-
lution, in an entirely anthropogenic landscape. Here then is an
example of a wetland that is not restored, but entirely artificial,
and which could act as a reference for restoration of damaged
wetlands, as well as for creation of more artificial wetlands
that serve to undo some of the damage to wetlands caused by
human activities.

Conclusions

The main take-away message is that it is acceptable and nec-
essary in many regions around the world to use restored and
even newly created wetlands as examples for restoration of
impaired wetlands and creation of new wetlands elsewhere.
How suitable natural, restored or created wetlands are to serve
as refence wetlands also depends on what the restoration ob-
jectives are. As Moreno-Mateos et al. (2012) have shown, it is
easier to restore hydrology than it is to restore ecosystem
services related to biogeochemistry or biodiversity, and to
some extent the latter improve after restoration of hydrology
through a process referred to as ‘self-design’ (Mitsch et al.
2012; Mitsch and Gosselink 2015). In addition, it is more
likely that past information on hydrology exists, than informa-
tion about biodiversity and biogeochemistry, because map-
ping of waterways for the purpose of transportation and access
to water go back centuries around the world. Observations on

biodiversity, and particularly biogeochemistry are much more
recent. Therefore, if the sole purpose of a project is to restore
wetland hydrology, it is generally easier to find reference con-
ditions. However, in highly altered landscapes, the sole pur-
pose is rarely just hydrology, because biodiversity in particu-
lar is also severely diminished. Add to this that in many re-
gions in the world, wetlands are the last refuges for many
species, and provide migration corridors. In the highly altered
landscapes we are discussing here, restoration of wetlands
without exception is aimed at restoring all possible ecosystem
services provided by wetlands, with priority focusing on bio-
diversity and water quality.

It could be argued that what we propose here will only
serve to exacerbate the problem of ‘shifting baselines’, the
phenomenon that what we consider to be ‘normal’ or ‘baseline
conditions’ changes with each generation, as humans alter the
landscape (Pauly 1995; see also Roberts 2007); that it will
establish artificial conditions as ‘normal, unimpaired’ condi-
tions. However, the reality is that in many regions in the world
what is considered natural, unimpaired, is in fact artificial.
When people in urban areas around the world go for a walk
in ‘nature’ that often means a walk in a park. All the landscape
in The Netherlands is either artificial or highly impacted by
human activities, and this is true of most countries in Europe,
much of China and surrounding countries, and in densely
populated regions of Africa. In fact, despite our assertion that
wetlands of ‘Good’ condition can still be found in North

Fig. 4 Otte with faculty (Prof. Xiaowen Li) and students from Beijing Normal University visiting the wetlands of Qionghai Luojishan National Scenery
Spot, Xichang, Sichuan, China, in July 2014 (photos by Otte 2014)
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America, large tracts along the east coast in particular have
been altered almost entirely. The iconic wetlands of the
Everglades have been altered hydrologically and are
surrounded by dense urban areas and intensive agriculture.
The wetlands in the Mississippi Delta too have been seriously
altered by changes in hydrology and urban and industrial de-
velopments. The Dismal Swamp on the Virginia and North
Carolina border is a fraction of its former glory, as is the Big
Thicket in Texas. Our baseline has been shifting for centuries,
evenmillennia, and we cannot but adapt, continuously. This is
evenmore urgent as humans are causing unprecedented global
changes in this Anthropocene. Where wetlands of even just
reasonably good condition are not protected yet by law, urgent
actions to protect them, as well as proper management plans,
are needed (Finlayson et al. 2019). Restored and newly con-
structed wetlands that are of high quality (rather than good
condition), as evidenced, for example, by their high biodiver-
sity, provision of habitat for endangered species, or ability to
significantly improve surface water quality, should be equally
well protected. We have no choice anymore but to accept the
parks as ‘nature’, because without them, we have nothing.
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