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Abstract

Ecosystem monitoring can be carried out by ecoldgiadicators to preserve and manage the natural
environment. Since it is impractical to monitor @tlosystem components, a few individual speciegaups of
species can be used as indicators of wider conditiBiological components chosen with this aim eaked
bioindicators. Bioindicators are organisms thatwged to monitor the health of the environment ptesence of
pollution and its effect on the ecosystem, the peg of environmental cleanup and test substamaresto
detect changes in the natural environment,. Biogrs are also the best tools to measure thegeegnade on
biodiversity conservation, to assess the impacts threats on biodiversity, to evaluate sustaingbilise of
biodiversity. Birds are excellent bioindicators thie health of the environment and ecological/ emviental
change. Generally, birds have been used as indispezies for a range of environmental parameldrsy act
as biodiversity indicators with a number of reasdr®e cause-and-effect link between an environnhehtznge
and birds are direct and simple one.
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Introduction

Ecosystem monitoring is necessary to preserve amhge the natural environment. It can be carrigdp@an

ecological indicator (Nguyen, 2007). Conservatigeracies would like to monitor all properties ofeirgst
within a natural ecosystem. In the absence of celmmsive data on whole ecosystems, conservatiamciage
may choose to monitor a set of indicators: physiclaémical or biological properties that indicdte status of
un-sample parameters of the environment. The osgaand organism associations are monitored forgesa
that may indicate a problem within their ecosyst@fien, individual species or groups of speciessatected to
function as biological indicators. One of the aiwfs monitoring is to provide information for ecolcgi

assessment, which can provide early warning of gbarthat could negatively affect species or ecesyst
(Burger 2006). Since it is impractical to monitdir @ological and physical components, a few ofrthean be
used as indicators of wider conditions. Biologicainponents chosen with this aim are called bioatdics

(Matsinos and Wolf, 2003).

Bioindicators are organisms that are used to motiite health of the environment. They are alsoveeie
for ecological health whereby structural and furéil ecosystem characteristics are maintained n8icétors
are used to: detect changes in the natural envieahmmonitor for the presence of pollution ancefifect on the
ecosystem in which the organism lives, monitor piiegress of environmental cleanup and test subssanc
(Saulovt et al, 2016). Bioindicators are also the best toolsmeasure the progress made on biodiversity
conservation. Some of them are used to assessripacis and threats on biodiversity, others to atalu
sustainability of the use of biodiversity (EEA, 200

In order to understand the health of the envirortniieis necessary to use indicators because eaabgi
systems are too complex to measure fully (KBO, 20B#&ds are excellent barometer for the healththef
environment (Carignan and Villard, 2002). They accumany habitats, reflect changes in other arsnzadd
plants, are sensitive to environmental change ave lgreat resonance with the public (IUCN, 201Md®8are
also more sensitive to environmental contaminahnés tother vertebrates, therefore can act as butatis
(Vashishat and Kler, 2014). Besides, often badsthe focus of volunteer efforts and there isspmlity to
involve communities in monitoring schemes and ac(i?JCN, 2010). Birds are bellwethers of our natwad
cultural health as a nation—they are indicatorthefintegrity of the environments that provide ugwlean air
and water, fertile soils, abundant wildlife, anck thatural resources on which our economic developme
depends (The State of the Birds, 2009).

Birds are popular subjects for research and mangpand long-term datasets of bird counts ofteviole
a useful resource as indicators of ecological chaffgmat and Green, 2012). Never previously hasbee
pointing to opportunity for us to inform and adwcenvironmental indicator decision makers. Ornitgaits
have special contribution to make the extent gpalit information available to us regarding propestiof
effective environmental indicators. Attention izvem to globally threatened species, common birditoong
schemes, summarizing trend data from many spec@daspatial question about distribution of bidsity
(Bibby, 1994). This seminar paper has two aimsré&wew the ability of birds to function as indicatpecies in
light of the published scientific literature andrecommend for establishing a reliable monitoringgoam.
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Indicator concepts

Definition of indicator

An indicator is a surrogate measure for a parantkégris too ephemeral or difficult technicallynactically to

measure and capture directly (Lindenmageéral, 2000; Gregory and Strien, 2010). For examplebelis

indicating air quality, plant species indicatingl snoisture or soil fertility, or bird of prey pofations reflecting
pesticide contamination (Gregory and Strien, 20lr@)icator defined as "an organism or ecologicahominity

so strictly associated with particular environna¢ebndition that pressure is indicative of thastnce of these
condition. Detailed root of indicators conceptsapglied to the plant and animals communities incigdirds

are to be assign symptom or index of’ change id pippulation tends to integrate asset of ecolodaetbrs.

Given adequate ecological knowledge they can peothé use full indicator environmental change (Benand

Fanshawe, 1997).

Indicators are often used in research and envirotehenanagement as diagnostic tools. The term abalic
is routinely applied in the scientific literature lboth a species to be monitored (i.e. the indicspecies) and the
specific characteristic of the indicator speciest ihforms the status of the ecological propertyntérest (e.g.
presence or absence, density, mortality rate, dejmtove success). Species that are used as ecallagigcators
are done so under the assumption that the respmi#eat individual species characterizes currertitha
conditions and/or is representative of the respordeother species within that same habitat or canitp
(Canterburyet al, 2000). In other words, indicator species ar@iassl to signify the status of the environment
and/or serve as proxies for a larger number ofispeghich can then provide information on measurémef
biodiversity condition and transformation (Nguy@007).

Indicator Species (IS) are living organisms that easily monitored and whose status reflects odigise
the condition(s) of the environment where they farend (Burger, 2006; Siddigt al, 2016). They are one or
more taxa selected based on its sensitivity torécpéar environmental attribute, and then assedsechake
inferences about that attribute. Commonly usedhéndontext of wildlife conservation, habitat marmagat and
ecosystem restoration. The strategy of using I$legved from the hypothesis that cumulative effeats
environmental changes are integrated over, oratefteby, the current status or trends (short- agiterm
patterns of change) in the diversity, abundanceroductive success, or growth rate of one or mpexiss
living in that environment (Burger, 2006; Siddigal, 2016). One or more living organisms used asditator
of the quality of the environment it is living ima the biological component associated with it.iBdgcators or
biomonitors are used most commonly to monitor clsamthanges in the environment in fields (Burg@®0Q&
Siddiget al, 2016).

Characteristics of Indicator Species

To be considered for use in an environmental manigoprogram, an indicator species must possesntak
qualities. For indicators to be effective, they chde meet a range of sometimes competing practodl
scientific criteria (Table 1). Note that indicataisould not be seen as a short cut, or substitutehé detailed
knowledge needed to explore and understand thesaischange in individual species or ecosystents tlaen
to formulate adaptive actions to remedy perceivexblems. Indicators might, to a certain degreegrimf each
step in this process, but they cannot replace sawiekcological research and experimental and atwyarch
(Gregory and Strien, 2010). No single indicatorcége will possess all of the desired attributesidied (Noss,
1990). Indeed, some desired attributes conflichwite another, for example, cosmopolitan distrdutiersus
habitat specialism (Hilty & Merenlender 2000). Issuthat may be encountered when assessing candidate
indicator species is that many of the desirablébaties listed below assume a sound and detailed/lenige of
the biology and ecology of the species in question.
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Table 1. Key attributes of an effective bioindiaato

Attribute Details

Representative Includes all species in a taxon or a representativap

Immediate Capable of regular update, ideally on an annudsbas

Simplifying Reduces complex information into an accessible form

Easily understood Simple and transparent to a range of audiences

Quantitative Accurate measurement with assessment of precision

Responsive to change Sensitive to environmental change over short ticades

Timeliness Allows rapid identification of patterns and earlamuing of issues

Susceptible to analysis Data can be disaggregated to understand the unuggsgtterns

Realistic to collect Quantitative data can be collected within the reses of manpower and finance
over medium to long term

Indicative Representing more general components of biodiyettsétn the constituent species
trends, ideally reflecting ecosystem health

User driven Developed in response to the need of policy anisaecmakers

Policy relevant Allow policy makers to develop and adapt policytinments

Stability Relatively buffered from highly irregular naturéddtuations

Tractable Susceptible to human influence and change

Source: Gregory and Strien, 2010

Types of Indicator Species
According to their function, indicator species dam classified into three ways (Lindenmayer and Buag
2005)
1. Environmental indicatorsindicate the presence and/or intensity of stresdorghis class five types of
pollution indicator species identified:
1. Sentinels are sensitive species that are introduced intoget@nvironment, for example, to provide
early-warning of the presence of pollutants orétedmine the effects of pollutants on biota.
2. Detectors are species that are endemic to a target area agdceriibit a measurable response to
change in their environmergg. changes in behaviour, mortality or age-classctire.
3. Exploiters are species whose presence indicates probabletdiatte or pollution. Exploiter species
often thrive in disturbed or polluted areas becatsmpetitors are unable to persist in the altered
environment and/or because they can utilize palleosystems or the pollutants themselves.
4, Accumulators are species that accumulate pollutants in measutplantities in their body tissue.
5. Bioassay organismare used in laboratory studies to detect the poesand/or concentration of
pollutants or to determine pollutant toxicity.
2. Ecological indicatorsndicate the impacts of stressors on other taxa.
3. Biodiversity indicatorsindicate the diversity of other taxa within a habibr set of habitats.

Use of Birdsas|Indicator Species
Indicator species have been used in practical neanagt of biodiversity at the local, regional, natband
international levels (Nguyen, 2007). Birds have rbesilized as indicator species by government aigsnc
elsewhere. Several studies show that birds mayséeé as bioindicators of conditions encounter irsgsiem, at
both local and regional spatial scales. In the démposite bird indices are one of 20 ‘frameworldigators
(and one of 68 indicators in total) used to meagpuogress towards a government goal of achievistasable
development by 2020. Composite indices for farmldmdls, woodland birds, coastal/estuarine birds and
wintering waterbirds are produced in a collaboe®ffort by the British Trust for Ornithology (BTOH. M.
Government, 2005). The Pan-European Common Birditdiong Scheme (PECBMS) uses composite indices
for common birds to track the state of biodiversiigross Europe (PECBMS, 2007). In North America, th
United States Department of Agriculture Forest Berare required by internal policy to identify am@nitor
‘management indicator species’ within each natidosdst. The management indicator species are orexitto
determine the impacts of management regimes orstf@m@mmunities (U.S. Congress Office of Technology
Assessment, 1992).
Generally, birds have been proposed, assessededrassindicator species for a range of environrhenta
parameters, including the following:
1. Biodiversity and species richness (Mattsson andp€o2006), including patterns of occurrence of rare
and threatened species (Thomsoal 2007). In some instances, bittive been used as surrogate taxa
for biodiversity to priorities areas for consereat{Jiguet and Julliard 2006; Loyodd al 2007).
2. Environmental contamination by pollutants such astipides, heavy metals and polychlorinated
biphenyls (Matz and Parsons 2004; DeWital 2006; Papgt al 2007).
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3. The condition of ecosystems including forests, faagsts, grasslands, rangelands, riparian ecosgstem
terrestrial wetlands, marine ecosystems, and uabsas or mosaics (Chambers, 2008).

4. Ecosystem responses to disturbances and processlesling urban expansion, logging regimes,
hydrological regimesgutrophication, replacement of endemic ecosysteiitts plantations, grazing,
hunting and habitat restoration programs (Chami26G3).

Birds as Good Biodiversity Indicators

Birds are likely to be a very useful and approgri@dmponent of biodiversity monitoring elsewherea{MNally

et al, 2002). Birds are very useful indicators of spediichness and endemism patterns (Biebwl, 1992;

Burges et al, 2002). They are often considered to be goodcaidis of the general condition of the

environment, although doubt exists over their gpito directly and rapidly indicate changes in astsm

properties and the impacts of such changes on takar(Mac Nallyet al. 2004; Gregonet al. 2005). There are

a number of reasons to think that birds as a gmigt act as reasonable biodiversity indicators.

1. The taxonomy of birds is well-resolved, species gererally easy to identify in the field (Gregayal.
2005) and relatively stable: e.g., the number obgmized bird species has grown by just 5—-8% peadi=
in recent years compared to 15-24% for mammalsaamghibians (Gregory and Strien, 2010; Bird Life
International, 2013).

2. Birds are easy to detect and obserg. birds are often the most conspicuous faunal tax@am ecosystem;
many species are diurnal and/or brightly-coloured/arnadvertise their presence by call) (Mac Natlal.
2004). They are generally easy to identify, suraegt monitor, and there are valuable historical data for
a wide range of species: e.g., birds comprise 60&b of the populations included in global wildliiend
indicators (Gregory and Strien, 2010).

3. Birds are diverse, found in nearly all habitats aedur across the world: e.g., there are over 10Kl
species globally with, on average, over 400 spemiesrring per country (Gregory and Strien, 2010).

4. The distribution, biology, ecology and life histoof birds are well known compared with other taxa
(Gregoryet al. 2005). e.g., over 16,000 scientific papers on bialogy are published per year (Gregory
and Strien, 2010).

5. Bird distribution generally reflects that of maogher wildlife groups: e.g., the network of keyesitfor bird
conservation (IBAs) covers 80% of the area of thimentified for other wildlife groups (Gregory and
Strien, 2010).

6. Their habitat requirements are typically fairly sjadized: e.g., more than half of all bird species
predominantly occur in one or two habitat typegdBiife International, 2013),.

7. Birds are typically positioned at or near the tdghe food chain or high trophic levels in food \seld his
makes birds sensitive to changes at lower levetb®ffood chain and to environmental contaminaats (
persistent organochlorines) that accumulate at Eaeh of the food chain (Mac Nallst al. 2004; Gregory
et al.2005; Gregory and Strien, 2010).

8. Their population trends often mirror those of othpecies: e.g., mammals, reptiles, amphibianstgkamd
invertebrates have shown trends similar to farmlainds in the UK since the 1940s (Chambers, 2008;
Gregory and Strien, 2010).

9. Birds are economically important: e.g., pest cdnémad pollinate or disperse the seeds of plantgs&h
species may be directly or indirectly linked to fhieess of many other species and play a critici in the
maintenance of natural ecosystems (Gregbil.2005; Gregory and Strien, 2010).

10. Birds are flagships for nature—they are of inteeagt concern to both the public and decision-mafidex
Nally et al. 2004; Gregoryet al. 2005): e.g., 20% of people in the USA and 30% & WK watch or feed
birds regularly (Gregory and Strien, 2010). Thigiast generates strong support for conservatiograms
that involve birds and provides an opportunity $killed volunteers to beecruited from a large number of
amateur birdwatchers. The inclusion of voluntpersonnel in a monitoring program may reduce costs
facilitate an increase in the scapiethe monitoring program (Gregoey al.2005).

Bird as environmental change indicator

An old age pursuit of biologist has been to rethtedistribution and abundance of organisms to saspects of
their natural environmental factors influencing ithevaluation, and reproductive success. Dispeesal

migration plus other aspects of their ecology hlagen investigated. However, the use of animalsdisators
of environmental change have been critically ev@ldigMichael, 1986).

Birds are useful resource as indicators of ecoldgibiange. They can be reliable indicators of aatri
status and the abundance of other organism (AnthGaeen, 2012). Birds live in an environment tisagubject
to both regular and irregular fluctuations, andilgopulations respond to these changes in predkctedys. The
cause-and-effect link between an environmental ghaand birds are direct and simple one. The effetts
environmental changes on bird populations are rfiem influenced by one or more intermediate fectmr by
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many interacting effects. The most immediate ameatliresponses of birds to environmental changes ar
behavioral and physiological involving changesha tharacteristics of individual. These changdsiin, affect
several basic population rates: birth rate, deatk, rand rate of dispersal. Changes in these twiegary
population parameters can then generate changesveral secondary population parameters, such rastge
population size, geographic range, habitat occupamge structure, sex ratios, or the proportioriods that
breed (Temple and Wiens, 1989).

Birds are recognizing as a good indicators of emritental changes and as useful proxies of widangda
in nature. The willed bird index (WBI) measuresrage population trends of suit of representativie wird as
indicators of general environmental health (BLI,020 WBI deliver scientifically robust representati
indicators for bird to support formal measurememd &terpretation of regional, national and glotzabet to
reduce the rate of bio diversity loss. WBI measunginction and colonization process at a localeseanong
wide spread and familiar bird in environment. Irindpso, they shed light on the sustainability ofram use of
that environmental and hoe human impact is chanddyggrouping species tied to particular habitdtss
possible to create habitat based indices. Heno®jding a sight in to the health of those habitatd indicators
of sustainability of human use (Lawletal, 2003).

Bird community is also viewed as possessing a dymastability that tends toward an equilibrium
composition of environments. This composition may repeatable or constant under similar environnhenta
conditions allowing recognition of community tygghortly, this implies the environmental naturalarae was
conserved and sustained by the existence of segeraps of bird species. Last not but the list, camity of
bird species possess emergent properties in steuaid functioning of environmental balance. Thairdtion
does not make any taxonomic restriction indicathg co-occurring species that are interacting gtatgs. For
one or more limiting resource form communities witkedictable and structural functional attributelfifeset
al., 2004).

A classical example is the response of some watsrtid eutrophication of wetlands. In the Mar Menor
lagoon of south-eastern Spain the great crestelegfeodiceps crista- tuysincreased in abundance as
eutrophication increased as a result of nutriemuis into the wetland, resulting from intensificati of
agricultural practices in the basin of the lagoAmarallel change in the number of grebes was @octnded in
other sites of Spain, indicating that the increimsthe Mar Menor lagoon did not result from extérfactors
affecting the population at other spatial scaleartiiez Fernandez al, 2005).

Birds also have been widely studied for their reses to changes in agricultural landscapes, phatigun
terms of habitat fragmentation, with an increasiogus on habitat quality (Majcgt al, 2001). The effects of
agricultural changes in wetlands are provided btlame birds. There decline of wetland bird largatyributed
to changes in the agricultural practices in thansasf wetlands, which accelerated siltation rates therefore
shortened hydroperiods, affecting the quality afdglants of bird. Indeed, the assimilation efficig of birds
was negatively affected when the quality of thewod plants was low, which usually occurs in eadynmer
when water levels start to decline (Varo and Arg808). Therefore, the population dynamics of bodsr long
periods (e.g. decades) could be used as indicafiehanges occurring in wetlands at slow rates. @lgtion
processes).

Agricultural changes may also have effects on batitats at large spatial scales. As a resultedifeg on
agricultural crops in winter and on migration, sop@pulations have increased and these increasintpens
have had a strong negative long-term effect orrtided salt-marsh vegetation at breeding site. H&ss of
vegetation and salinity of bare ground precludeg@stablishment of vegetation (Abrahahal. 2005). The
monitoring of breeding colonies of birds may pravidformation on the conditions of habitat usedfésding.
Here, colony size affected by water levels in trading site.

Conclusions and Forward Recommendations
Birds are diverse and they represent a large nupftsgecific ecological conditions. Importantlyrds are well-
studied so their habitat associations are genevadhrknown. They are also cost-effective to survaysimple
standardized methodology providing information atemsociated ecological conditions. Additionallydb tend
to be high on the food chain so their persistenteéhe landscape depends on the presence of multipér
species. Finally, birds are effective indicatorsaiese they respond to habitat changes at vari@lessaue to
their links to taxa that respond to small- and ¢asgale disturbance. It is apparent that bird nooiniy programs
provide useful information about the integrity afuthctioning of the environment as a whole and uaed
environmental and biological indicator. Birds apealent bio indicators of health of biodiversitg avell as
particular habitat and its productivity. They atsocaimportant in monitoring environmental changesduse of
their ecological diversity.

Overall, this review and analysis of papers pullisliin birds as indicators suggest several lessons f
ecologists and environmental professionals. Thebaurof publications of birds as indicator impliesl@spread
and continued growth in the use of birds in envinental monitoring and management. My analysis ssigge
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that birds are effective in applications such asrenmental quality and ecosystem integrity andarsion, and
they are used as early warnings of environmentahgé and assessment of environmental and climategeh
Therefore, it is essential to carry out maximumosffin the identification of biodiversity of the antry
conservation sites and preservation of the endadggpecies which includes conservation of birds ather
wild animals. For instance, protecting importantdbarea (IBA) identified to date would make an enous
contribution towards maintaining not jest birds bther biodiversity as well maximizing involvemesttlocal
community, stake holders and environmental sudbéityawithout biodiversity lose.

References

Abraham, K.F., Jefferies, R.L., Alisauskas, R.T0QR). The dynamics of landscape change and snogegae
mid-continent North AmericaGlobal. Change. Biol.11:841-855

Amat, J. A. and Green, A. J. (201%Yaterbirds as Bioindicators of Environmental Coiadit: C. Hurfordet al
(eds.), Conservation Monitoring in Freshwater Hatisit Sevilla, Spain.

Bennun, L and Fanshawe, J. (199%fyican rain forest and biodiversity conservatioBxford: oxford university
press

Bibby, C. (1994)Recent, past and future extinction in birdendon: Acadamic Press.

Bird Life International (2013)Stateof the world’s birds: indicators for our changingovid. Cambridge, UK:
Bird Life International.

Burger, J. (2006). Bioindicators: types, developtnand use in ecological assessment and reseansfiron.
Bioindic. 1: 22-39.

Canterbury, G. E., T. E. Martin, D. R. Petit, L.Rketit, and D. F. Bradford. (2000). Bird Commurstiand
Habitat as Ecological Indicators or Forest Conditim Regional Monitoring.Conservation Biology,
14:544-558.

Carignan, V. and Villard M. A. (2002). Selectingdicator species to monitor ecological integrityrewiew.
Environmental Monitoring and Assessméetg, 45-61.

Chambers, S.A. (2008Birds as Environmental Indicators: Review of Liten@. Parks Victoria Technical
Series No. 55. Parks Victoria, Melbourne.

DeWitt, J. C., Millsap, D. S., Yeager, R. L., Hei& S., Sparks, D. W. and Henshel, D. S. (200&erBal heart
deformities in passerine birds exposed to envirarialemixtures of polychlorinated biphenyls during
developmentEnvironmental Toxicology and Chemist®p, 541-51.

European Environment Agency (2007EEA Technical report # 11/2007. Halting the lossbafdiversity by
2010: proposal for a first set of indicators to monipoogress in Europe.

Gregory, R. D., van Strien, A., Vorisek, P., MeglirA. W. G., Noble, D. G., Foppen, R. P. B. andlsifis, D.
W. (2005). Developing indicators for European hiésilosophical Transactionsf the Royal Societ60:
269-88.

Gregory, D.R. and Strien, A. (2010). Wild bird iodiors: using composite population trends of biads
measures of environmental health. SPECIAL Featweitoring Bird Populationrnithol Scj 9: 3-22.

H. M. Government (2005)Securingthe Future: Delivering UK Sustainable Developmentatgégy. The
Stationary Office, Norwich.

Hilty, J. and Merenlender, A. (2000). Faunal intiicadaxa selection for monitoring ecosystem hedtblogical
Conservation92, 185-97.

Holmes, S. B., Burke, D. M., Elliott, K. A., Cadma#. D. and Friesen, L. (2004). Partial cuttingnafodlots in
an agriculture-dominated landsca@anadian Journal of Forest Researd: 2467-76.

IUCN (2010).Abundanceand distribution of selected species: Common Birdek Armenia, Azerbaijan and
Georgia.

Jiguet, F. and Julliard, R. (2006). Inferences fimmmon species communities for selecting consernvatreas.
Biodiversity and Conservatiod5: 799-815.

KBO and USFS Pacific Southwest Research Statioh3R®8ird monitoring as an aid to riparian restoration:
Findings from the Trinity River in northwestern @afnia. Rep. No. - 2013 0012. Klamath Bird
Observatory, Ashland

Lawler, J. J., White, D., Sifneos J. C. and Madtel,. (2003). Rare species and the use of indicgtoups for
conservation planningonservation Biologyl7: 875-82.

Lindenmayer, D.B., Margules, C.R. and Botkin, D.@000). Indicators of biodiversity for ecologically
sustainable forest managemedonserv Biol14: 941-950.

Loyola, R. D., Kubota, U. and Lewinsohn, T. M. (ZD0Endemic vertebrates are the most effectiveogates
for identifying conservation priorities among Bi&an ecoregionsDiversity and Distributions13: 389-96.

Mac Nally R, Ellis M. & Barrett G. (2004). Avian ddiversity monitoring in Australian rangelandsistral
Ecology,29: 93-9.

Mac Nally, R., Ellis, M. and Barrett, G. (2002). iam Biodiversity Monitoring In Rangeland§omments on

21



Advances in Life Science and Technology www.iiste.org
ISSN 2224-7181 (Paper) ISSN 2225-062X (Online) “_'i"
Vol.60, 2017 IIS E

Theoretical Biology7:235-273.

Major R. E., Christie F. J. & Gowing G. (2001). llidnce of remnant and landscape attributes on Alisstr
woodland bird communitie®iol. Cons.102: 47-66.

Martinez Fernandez J, Esteve Selma MA, Robledanmekigh F, Pardo Sdez MT, Carrefio Fructuoso MF
(2005). Aquatic birds as bioindicators of tropblanges and ecosystem deterio- ration in the Marave
lagoon (SE SpainHydrobiologia,550:221-235

Matsinos, Y.G, Wolf, W.F. (2003). An individual-ented model for ecological risk assessment of waHirds.
Ecol Model,170:471-478

Mattsson B. J. & Cooper R. J. (2006) Louisana whtashes $eiurus motacillpand habitat assessments as
cost-effective indicators of instream biotic intiégrFreshwater Biology51: 1941-58.

Matz A. C. & Parsons K. C. (2004). Organochloriireblack-crowned night-heromfcticorax nycticoraxeggs
reflect persistent contamination in northeasterneStiiariesArchives of Environmental Contamination and
Toxicology 46: 270-74.

Nguyen, M.H (2007). Bird Composition as an Ecolagindicator of Forest Disturbance Levels. AustigA.

Noss R. F. (1990). Indicators for monitoring biagtisity: a hierarchical approadBonservation Biology4: 355-
64.

Papp Z., Bortolotti G. R., Sebastian M. and Smit€JG. (2007). PCB congener profiles in nestlinget
swallows and their insect presrchives of Environmental Contamination ahaolxicology 52: 257-63.

PECBMS (2007). State of Europe’s Common Birds, 2@50/RSPB, Prague.

Saulovt, D., Biotanin, B. And Rodriguez ,R, (2016). BioindicatordHoman Environmen®rofessional Paper
141-147

Siddiga, A.H., Ellison A. M., Ochsc,A., Villar-Leeand,C. and Laub,K.M. (2016). How do ecologists ctedad
use indicator species to monitor ecological changs®hts from 14 years of publication in Ecologdica
Indicators.Ecological Indicatorsg0: 223—-230

Temple, A.S. and Wiens, A.J. (1989). Bird populasi@nd environmental changes: can birds be biaanolis?
Population study43(2), 260-270

The State of the Birds (2009). United States of Acae2009

Thomson J. R., Fleishman E., Mac Nally R. and DoliXi S. (2007). Comparison of predictor sets farcegs
richness and the number of rare species of buéeind birdsJournal ofBiogeography34: 90-101.

U.S. Congress Office of Technology Assessment (L9B&rest Service Planning: Accommodating Uses,
Producing Outputs, and Sustaining EcosysteTA-F-505. U.S. Government Printing Office,
Washington.

Varo, N., and Amat, J.A. (2008). Differences indoassimilation between two coot species assesdbdstaible
isotopes and particle size in faeces: Linking pblggly and conservatiorCompar Biochem Physiol A,
149:217-223

Vashishat,N and Kler,T.K. (2014). Birds as Bidgadors of Heavy Metal Pollution.

22



