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CHATPTER 7

What Do We Need to Monitor in
Order to Manage Landbirds?

David E DeSante and Daniel K. Rosenberg
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Conservation Issucs and Previous Research

A major isue in environmental biology concerns the worldwide decline of
migratory landbirds (Robbins et al. 1989; Terborgh 198%9; Kaiser and Berthold
1994: Martin and Finch 1995). Among northern-hemsphere species, long-dis-
tance migrants (L., those that breed In temperate and winger in tropical latitudes)
appear to be declining most severcly. For example, thirgy vears of data {1966-935)
from the MNorth American Breeding Bird Survey (BBS) indicate that 25 percent
and 6% percent of Nearctic-Neotropical migrant species are declining in eastern
and central North America, respectively, compared to 47 percent and 33 percent,
respectively, for short-distance migrant species, and 45 pereent and 56 percent,
Iﬂ}i]_}-l_‘[:ti\?["'l}’. for ]:j:_'rn‘];j_nl.:]JL [ﬂS]dEI'IE HFH:L‘ii.‘S {Pl_"[l;‘!r_‘il'}}'!ﬂ, Sii'l:ll‘.l', arnd Link ll.]l.]ﬂ:l.
Similarly, twenty-twe years of migration-monitoring data (1972-93) from the
Mettrzu-R eit-lmitz Program of the German Ornichelopical Institute “Vogel-
warte Radalfzell” indicate that fifteen (71 percent) of twenry-ane trans-Szharan
migrane species decreased significantly while only two (4 percent) of the four-
teen European-wintering species declined significandy (Kaiser and Berthold
1994). In addition, by 1990, data from the British Common Bird Census and
Warerway Bird Survey showed that thirty ol Britain's passerine species were expe-
Fj{:nci_ng' ]DJ]__E,—TI.‘[I'.I.‘.I. declines, as t:IJI]Uhl.‘Ll L seventesn specles whaose Pﬂ].flUL'lEiGﬂS
appeared stable and eighteen spocies that showed population nereases (Stroud
and Glue 1991; Newron, this volume). In addition, seventeen (57 percent) of the
thirey declininge species were long-distance migrants, while enly five (28 percent)
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of the eighteen increasing specics were mnv—dm wice nugrmts (Stroud and 'Hua ;
1991}, b

The data that were used to describe the above temporal patterns were gener- g
ated from broadscale, retrospective monitoring programs, Monitoring has been §
defined in many ways (e.g., Goldsmith 1991); here we refer to menitoring as the 4
temporal assessment of demographic parameters of bird populations. A critical §
[:-ng] of any pop ulation :nu:uLurjng program should be to 1dentlt', the state ﬂfﬂ‘m £
Imp!'-] stion, that 15, estimates ol desired attributes, such as densiry, average pro-
duct '|'M'I|:|-',. OF averapre survival rates for a gnren fime pLT]I:Jd ﬁlﬂmugh detection r_ut__ -:. .
environmental influences on animal populatons is difficult, especially consid
ering the nature of time-series data, such as estimared population trajectorie §
(Botsford and Brirmacher 1992), che detection process can provide information §
ot changes in population parameters (Nichols, in press) and can be considereda §
preliminary search for parterns to be tested in derailed field studies (Helmes and
Sherry 1988: Botsford and Brittnacher 1992). In this sense, monitoring Incllltatm‘ 4
.:pph-e.i research. Furthermore, munjmﬂmh_,, if done 1 an experimental or quasi- §
etpr:nmu:]'-tal manner {Nichols, in 1‘.-1‘1‘.*5\} s Teessary o determine the effective-
ness of management actions designed ta reverse population declines or brmg
about the recovery of small or threatened populations {Moon 1992}, ik

Large-scale, long-term monitoring programs, such as those referenced .n!mm i
are necessary 1o detect declining population rrends over large geographic repions, §
Such programs require both Lnge scale coordination and cooperation. Generally, §
they rely on large numbers of trned volunteers and have only been 1m1’|p‘ j.'
meneed suucasﬁ.:]lv it {;IL'-.-L"'i{'IE"l «d countries. Even there, many species aze too rar §
v diseribured ro permit reliable identification of population trends. M'I:It't.‘-* _
oveT, 1ntt1']:||:<:rat:l:|-"i of latge-scale, long-term population data is not alway‘i 1
straightforward; indeed, conroversy sill exists regarding interpretation of data §
from even the well-established BBS Program (Saner and Droege 1990; ]amﬂ, -_
MeCulloch, and Wiedenfeld 1996; Peterjoln, Sauer, and Link 1996). This con- §
troversy exists largely because the probability of obsering an individual bird, §
which potentially varies among observers, geograpluc areas, habirar, species, and §
time, is unknown, Clearly, the implementation of large-scale, long-term, popu- §
lativn-trend monitoring is not a simple exercise. i

Drespite the general success of avian population-trend monitoring profgrams m §
identifying potentially declining species in cermin well- studied countries, such f
munitoring programs provide licde information as to [actors responsible for pop- §
ulation declines and even less direclion a5 to appropriate management 3Cions (o
reverse declines (Pererjohn, Sauer, and Robbins 1995). This is because they pro-
vide no information on the primary demographic parameters (productiviry and
survival] of the species monitored (DeSante 1943). Indeed, population- trend dai2
by themselves provide no informarion at all as to the stage(s) in the life cycle rhat 3
control(s) the population declines {Temple and Wiens 1989) and thus fail te dis §
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nguish problems caused by birth-rate effects from those cansed by death-rate
gj_ﬁ::.Ls {U'&SMH‘& qu.’] Asa 1':.‘5LI][‘, the factors 3'{!'1131.:|1.\'i}'?|:: fisr {]ud'ining landbird
populations have generally remained unclear (O'Connor 1992).

Features of Research That Improved Conservation

Broadscale, retrospective monitoring projects, such as the BBS, have heightened
our wareness of possible population declines in landbirds. Although the magni-
wde of the declines i= aften not well estimated and even the direction of the
changes is somenmes controversial (James, McCulloch, and Wicdenfeld 1994),
these programs have provided the primary data used by decision makers o allo-
cte additional effors toward further mwvestigation of the potwntial declines or
roward implementing conservation plans. The examples presented in this secrion
highlight how monitoring has been wsed o aid conservarion effarrs.

Conparizons of BBS population-trend data among species having various life-
history traits (Le., migration strategy, habitat preferences on breeding and win-
rering grounds) provided indirect evidence thar desrruction and degradaton of
forested tropical wintering habirar could be 3 major cause of population declines
in e species of eastern Morth American landbirds (Riobbins et al, 19849,
Other studies on some of these same species (e, Wood Thrush [Hyplodiehla
musteling] and Ovenbird [Seiune aurocapillis]), however, suggested that reduced
brecding sueeess caused by high levels of braod parasitism by the Brown-headed
Cenvhird {::K-Iﬂnrahl?r'lfs e’Il‘é‘J'} l'.'i'l1.15-=.‘lf[, in CLITEL, b} fr:tgnlr:ntal.']t':-ll af l{!rlliﬁt!r:I[L"! ferresst
breeding habirar, could be a major cause of population declines in midwestern
Narth America (Robinson et al. 1995; Faaborg et al., this valume). Obviously,
both breeding-ground and wintering-ground processes could adversely affece
pepularion rends, and management actions could be suggested char would tend
W mirigate against each of these processes (e.g., requiring overstary shading in
tropical coffee plantations or implementing extensive cowhird-contral programs
on temperate breeding grounds). Because such management actions will likely
be expensive and will involve major palicy changes, public agencies and private
orpnmzations are reluctant to undertake them withour considerable assurance
that they will be successfill. Knowledge of the rates of primary demographic fac-
tors throughout a species’ range can facilitate the identification of key factors
controlling its ohserved population trends. Monitoring demographic parimeters
helps achicve this latrer knowledge,

A major advanes in this direction was provided in a seminal paper by Baillie
(1990) in which he advocated an “integrated populiion monitoring scheme”
Whereby various monitoring programs would address different aspects of the
Populacion dynamics of a suite of species over the same peographic area, In this
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scheme, which has been implemented by the British Trust for Ornithology
(BTOQ), population tends are eracked by several programs, including the
Common Bird Census and Warerways Bird Survey {Baillie 1990). Information
on the potential proximal demographic causes of observed population trends in
several habimr rypes is provided by the British Constant Efforts Sites (CES)
scheme (Peach, Buckland, and Baillie 1996), which menitors changes in pros
ductivity indices and survival-rate estimates through constant-cflort misc netting,
Finally, derailed, habitt-specific information on various aspects of reproductive
success, including timing of cluech initiation, clutch size, brood size, and nesting
success, are provided by the BTOs Nest Record Scheme (Bailliz 1990). i

Peach, Baillie, and Underhill (1991) and Baillie 2nd Peach (1992} have used
integrated population monitering to better understand the potential causes of
population declines in several trans-Saharan migratory species of European Jand=
birds. They found, for example, using key-factor analvsis (Warley and Gradwddll
1960; Blnk, Southwood, and Cross 1967 Krebs 1970; Southwoad 1978, that
variations in mortality of full-grown birds (individuals that have reached inde-
pendence from their parents) explained most of the population Huctuations in all
seven of the species investigated. Mortality of voung birds during their firse year
of life was implicated as the key factor causing population declines in Sedgze War-
blers (Amocephalus schoenvhaenns) and Willow Warblers {Phylloseopus irochilus),
while moreality of adule birds after their first year of life was implicated for
Whitethroats (Sydvia communis). Moreover, for Sedge Warblers, Whirethroars, and
Swallows (Hirundo mstica), Aluctuations in mortalicy of [ull-zrown hirds were cor-
related with conditions an the wintering grounds. In the case of the first two
species, both survival of full-grown birds and total populacion size were highly
correlated with rainfall paccerns on the species sub-Saluran (Sahel), west African
wintering ranges. Populations of these two species appear to be limited by com-
petition for rescurces on the wintering grounds, and rhese resources are strongly
dependent on minfall during the preceding wet season. Thus, the pepulation
dechines in British Sedge Warblers and Whitethroats appear to have been caused
directly by the extensive Sahel droughr. Conservarion measures for these species,
therefore, should be directed toward ameliorating the causes of drought in the
Sahel ar, at least, mitigating the effect of these droughes, These resules suggrest that
conservation efforts that target the breeding ranges of these species may do Ktde
to reverse their population declines. :

The concept of inteprated population monitoring is beginning o be pursued
tn North America (sec akso Hejl and Granillo, this volume). Population trends
are monitored by means of roadside point counts through the BES {F.obbins,
Byserak, and Geissler 1986: Peterjohn, Sauer, and Robhing 1995 Peterjohn,
Sauer, and Link 1996). Productivity 15 monilored by means of constang-effort
mist netting through the Monitoring Avian Producrivicy and Survivorship
(MAPS) Program {DeSante ec al, 1995; DeSante, Burton, and O'Grady 1996)
and by means of direct nest monitoring through the Breeding Bird Rescarch
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Database (BBIRDY Program (Martin and Genpel 1993). Finally, adult survivor-
ship is monitored by means of mark-reeapture data from the MAPS Pregram.

The integration of BBS and MAPS daa from the Sierre Mevada has shed light
on the potential proximal causes of population decline in the Willow Flycatcher
(Fenpidona traedlii brewsterd), a species thar has shown drastic population declines
in the Sierra over the past fifty years (Gaines 1988). In coneras, two similar species
of Sierran fycatchers, Hammonds Flycatcher (E. hammondit) and Dusky Fhy-
eatcher (L. oberholzen]), both show posiove BBS population rrends in the Sierra.
MAPS data from ungrazed meadows in the Sierra, where all three species breed,
show that both the productivity index and the annual adule survival rate estimate
for Willow Flycatcher 15 as high or higher than chose of the other two species
(DeSance, unpublished data), Te has been suggested rom localized research efforts
in the Sierra (Screna 19825 Gaines 1988) that the grazing of montane meadows,
which results in defoliation of the lower portion of the willows, causes the habirar
to become unsuitable for nesting Willow Flycatchers, MAPS data is consistent
with rhis hvparhesis by providing data to reject competing hypotheses such as low
producovioy in general (in ungrazed ns well as groeed meadows) and low sur-
vivarship due perhaps to problems on the wintering grounds. MAPS data chus
support research and management efforts for Willow Flyearchers aimed ar
reducing the impact of grazing Sierran montane meadows.

Research Needed to Farther Conservation

An cffecave integrated monitoring program for landbinds should be able to
accomnplizsh three ohjeetves: (1) tdentity species with declimng population trends
and desc=ibe these trends at multiple spatial scales; (2) identify reasonable
hypotheszs for the proximal demographic causes of population declines and sug-
pest resseoh activities to test these hyporheses; and (3) evaluate the effectiveness
of lacal jmnagr:]n::nt actions and 1;1rgq_'r—5nfuh! COnSErVaLion :\'I.t‘:ltt:git!s iy Ii‘.l]l_"—
mented = reverse the declines, These objecrives emphasize that the results of an
integraz=s monitoring program will be most effective if reasonable hypotheses,
backed B lmrm-‘]-:dgu: of demographic patterns derived from manitoring, can he
formulzz=3 so that rigorous tests of the hypotheses can follow, In this sense, mon-
Woring S=htates research.

In ti= past, monitoring, research, and management have generally been
treared 2 mdependent activities, Only the fist objective outlined above typically
was corsdered (o lie within e domain of momtoring. Objectve 2 was more
often cumadered to lie within the province of research, while objective 3 was rel-
eated o the domain of mamagement. Twe major shortcomings of this tradi-
tional =eenach have been: (1) a general paucity of research efforts designed to -
vestignoo smuses of populaton declines over large spatial scales; and (2) 2 lack of
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effective integration between monitoring, research, and management at hogy |
large and small spatial scales, Most research and management efforts direcred 3 §
understanding and reversing declining populations of landbirds have focused op §
stnall or lacal seales {2z, a particular refuge) or on particular habitats, This is not £
to disparage such research and management efforts; ma ny such studies have addag
lmportant nformarion regarding factors nfluencing habitar choice and nesting
success that has assisted in developing effective management actions. The e
failure of such efforts, however, les in the paucity of management acrions fols
lowing en the heels of successfinl research and the lack of follow-up monitoring ;
of the effects of the management actions actually implemented. Too often, good §
research and well-intentioned ma nagement actions end up in a relative vacuug §
and ate not integrated with each other or with continued mamtoring, The int §
teraction of monitoring, research, and management must be strucrared into ag 1
interactive loop for adaptive decision making, i |
Creation of an inteprared monitoring effort must include the monitoring of §
productiviey and survivorship as well as the population trends thar result from the §
interaction of these primary demographic parameters (Hejl and Granillo, this B
volume). It is important to note thar monitoring cannor, by 1self, idenrify uln: §
mate emvironmental causes of population change. Meonitoring primary deme-
graphic parameters will, however, allow 2 temporal asscssment of chianges in these
vital rates that, through correlaction analyses, can identify hypotheses for fiurthe £
evaluation. Carcfully controlled research effors are then needed to test rhe
hypotheses generated by maonitoring in order ro determine the environmental §
factors causing the observed changes (or diflerences) in the primary dc:u-;:rgraph.ig Z
parameter(s) responsible for the pepulation changes (Nichols, in press). i
Monitoring of primary demographic parameters also may be the most judi- §
Cious way to determine whether or not management actions are working l:!fuc'-_:'
tvely (DeSante, i press). This is because management actions affect primary
demographic parameters directly, and these effeces can potencially be observed §
over a short time period (Temple and Wiens 1984). Becanse of buffering effect §
of foater individuals (Smith 1978) and density-dependent responses of popula
tions, there may be substantial time lags between changes in primary parametens
and resulting changes in population size or density (DeSante and George 1994). §
Moreover, because of the vagilicy of most bird species, local variations in popu- f
lation size may ofien be masked hy recruitment from a wider region (George é't: .
al. 1992} or accentuated by lack of recruitment from 2 wider areq {DreSanre 1990).
Thus, density of 2 species in a given arca may not be indicative of populaton
health, due o source-sink dynamics {Van Horne 1983; Pulliam 1988). Knowk
edge of primary demographic parameters is thus critical for understanding pop- §
ulation dynamics and is directly applicable o population models that can be used §
ter assess land-management practices (Noon and Sauer 1892, pareicularly when §
these parameters can be relared to specific habitats or landscape features. /
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What Needs to Be Monitored and How Should it Be Done
Puyuhrrum Treds '
An effective lasge-scale monitoring program must be able to provide re liable cso-
mates of relative abundance and population trend over the entire ranges of many
species. In general, the BBS currently has the capability of providing these esti-
mates for a large number of North American species {Peterjohn, Saver, and Rob-
birs 19935; Peterjohn, Sauer, and Link 1006}, alchough thers s controversy as o
how reliable the estmates are {Sauer and Droege 1990; James, McCulloch, and
Wisdenteld 19596).

A major shortcoming of the BBS program is that habitatspecific relatve-
sbundance and populadon-trend data are not obrined. This could be rectified
by 2 coordinated program of habitat-specific off-road point counts (Hutto, s
yolume) or area searches; or, perhaps, by incorporating remote-sensed habitat
data associated with each BBS survey point. However, because of different detec-
don races in different habitacs (Schieck 1997), relative abundanee amaong habitat
tepes will be difficult to estimare reliably, even ler s single speaes.

Productiviry

Productiviry and survivorship are the major primary demographic parameters
that provide eritical informacion for vnderstnding pacterns of population
cl'au,ﬁ Productivity has a number of components, mcluding clutch size, egg and
pestling survival, fledeling survival, and number of nesting attempis. Informarion
on the component thae most affects overall reproducrive success will be very
wselal 1 assessing potential management actions designed o increase produc-
tvity,

Habitat- and site-specific estimates of several of these components (e.g., clutch
size, eap and nestling survival) can be obtained [rom direct nest monitoring
theough the BBIRD Program (Martin and Geupel 1993}, although chese esi-
mates may be difficult to obrain. Near the lime of Hedging, daily nest maoniraring
iy he necessary 1o get the best estimace of nest success. If the birds are individ-
ually color marked and all nesting atternpts are monitored, the number of nesting
attemnpts per pair can be estimated as well. Direct nest monitoring, however,
cannot provide an estimate of Hedghing survival, which may or may not be cor
related with survival of cggs or nestlings. Moreover, observer effects muay bias the
tesults of direct nest monitoring, especially it daily monitoring is necessary.

Indices of post-fledizing productivity (the number of voung per adult tat re: ach
independence from their parents) that integrate all of the individual compenents
of reproductive success can be obtained from constant effort mist netring through
the MAPS Program (DeSante et al, 1945; DeSante, Burton, and O Grady 1596),
Data collected by must netring are probably better smred for estimating produce
tivity on g regional, rather rinn site- or habitat-specific, basis than are data from
direet nest monitoring. Productivity indices obtaned from constant-effort mist
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netting are likely to be biased, however, because of the lack ofa well-defined same
pling arca and because of habitat- and species-specitic biases in the capture probe
abilicy of young compared to adults (DeSante et al. 1995). DeSante (1997)
showed that habitat-specific biases indeed exist, but that consistent station oper-
ation and extensive sampling lessen their effect. DeSante (1997) also provided :
evidence that species-specific biases in productivity indices caused by differences
in dispersal characteristics or foragmg height between voung and adults may be
relatively simall. :

Direct nest monitoring and constant-effort mist netting thus provide infor
mation on different components of productivity at different spatial scales. As such,
they provide complementary information; both methods, therefore, should be
included in an effective integrated population monitoring scherme. }

Seurvival Rares

Estimates of annual survival rates of adult birds can be obtained from mist net-
tng [e.g., MAPS) using modified Cormack-Jolly-Seber (CJS) mark-recaprure
analyses (Clabert, Lebreton, and Allaine 1987; Pollock et al. 1990: Tehreton et
al. 1992}, Potential biases caused by including nonresident (transient) individuals
i the sample of newly banded adules can be reduced using various transient
models (Peach, Buckland, and Baillie 1990; Pradel et al. 1997). Tt is important to
note that estimates of adult survival rates obtained in this way are actually esti-
mates of apparent survival that include an unknown component of emigration
(DreSante 1995), :
Survival rates of young are difficult tw obtain from caprure-recapiure studics

because young birds typically have relatively laree dispersal distances. Estimates
of post-fledging, premigration survival rates and dispersal characteristics have
been obtained by radiotelemetry for Wood Thrush (Anders et al. 1997), and such
methods should be applied more broadly (Walrers, this volume: Faaborg et al,
this volume).

Considerations of Spatial Scale

Animpartant aspect of monitoring is the abihity ro detect trends in selecred para-
tmeters and investigate che seale at which they may be occurring. Regional wends
in avian demographic patterns may occur due to large-scale weather changes or
changes m the landscape that affect aress large enough to affect many local pop-
ulations similarly. Local changes or trends, such as may occur in specific national
farest, may oceur due ro changes to habitat qualicy, for example, from tree har-
vest. If the pattern of local environmental change is pervasive, simikar regional
patterns may result, Understanding the scale of trends will thus be informative
for determining furure research needed to idenrify problems, and, once they are
identified, to determine management solutions. Processes that affect patterns in
demographic rates are likely to be scale dependent; management policies and
activities often respond to relarively local issues, although concern over small-
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scale patterns may be nwtivat-:,d by -;:lun_urm'-nl ation m’ larger-scale phenomena.
Thus, momitaring must be effective ac muliple scales ranging from “local” (e.g.,
narional forest or park) through “regional” (c.iz., physiographic strara) to “large”
(.- castern North America or the entire range of the species).

Avian populations vary spatially and temporally in regard to demographic pa-
nmeters such a5 density (Brown 1993), productiviry (Fobinson et al. 1995;
DeSante, Burton, and O Grady 1996), and survivership (Johmsen, Nichals, and
Schwarte 1992 Burnham, Anderson, and White 1996). Describing patrerns of
variation in primary demographic paramerers is important for understanding dy-
mmics of populations and for interpreting trends n population size thac may re-
flect reduced viability (Wilcove and Terborgh 1984). Lack of knowledge on the
spatial scale and the magnitude of temporal varianen in demuographic parmeters
offen leads to incorrect conclusions regarding population health and makes it
difficult to argue that specific population declines are noteworthy and deserve
additional attention,

Although there i a rremendous effort to obtain data to monitor wildlife pap-
ulation trends at small spatial scales ez, an individual refuge), there are feow
programs that attempt to moniter leends st larger geographic scales (e.g.,
westernt Narth America). Understanding patterns at small scales 15 critical in
guiding research and management actions to address local concerns, However,
it 35 diffacule to isolate reasonable hyporheses for the observed patterns when
larger-scale patterns are unknown. The challenge is to design monitoring pro-
grams o provide estimates of parameters of bied populations at l.ars__r,u -
grap]'-it scales, while maintmning adequate precision at smaller spatial scales o

address local issnes. Given a Fr11r¢ sampling effory, allocation of chis efforr can ke
extensive, intensive, or a combination of both approaches (figure 7.1%
Untortunately, there is a trade-off between precision of local estimates and pa-
tenrial bias of large-scale estimates when effort is fixed (figure 7.2): mereasing
the effare ar a given sice will increase precision of local site—specific estimates,
but hecause the effort is apportioned into fewer sites, there Is likely an increase
i hias of average estimates across a large georraphic area. The degree of bias is
relarive to the degree of geographic heterogeneity of the parameter of intersst,
The single most important consideration regarding allocation of sample effort in
an integrated monitoring program should be that of geegraphic scale,

Considerations of Temporal Scale

Monitoring, by delinition, is an assessment of specified parameters as a funcrion
of fime. Any monitoring program must define the dme frame of interest, as the
success of the monitering will be defined by the ability 1o detect changes. The
probabiliry of detecting change, if'icis in fact DECUTTing, 1% a stansrical power issue
(Stexd], Hayes, and Schanber 19973, Larger effect sives (... the magnimde of
Lhangr. from a null hypothesis) will require a shorter dme Fﬂme for monitoring
than wauld a smaller effect size given an equivalent stacistical power. Statistical
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Ernranmantal Manioring and Leng-Tenm Ecclagical Spotted Owl Monitoring Program

famememont Fregram Resoarch Program

M = sampling index of 1 unit

¥ = sampling index of 4 units
Figure 7.1, Hypothetical sampling strategies wieh finite offore, A sampling scheme can be envi-
sioned in which sumples are located systematically or wich a probabilivy-based scheme throughout - §
a large landscape. Tn chis large-scale approach (left panel), which is similar 1o the scheme initially - ¥
wied by the Enwircnmentl Memtonng and Assessment Program of the 115, Environmental
Protection Agency (ML 1'9%53), muny sites are sampled bt with lmited effor per sice. Ina §
sunall-seale approach {center panel, Tocal sites are selected and sampled intensely. This scheme 45
similar 1o the Nationa] Science Foundation’s Long-Term Ecelopmeal Ressarch Program, In R
multiple-scals approach (right panel), there are elements of Loth 1 large-scale approach in which
nany sices are sunpled with limited effor, and 2 small-scale approach in which several sites ae :
sampied intersively. This type of scheme was suggested for menitoring Sported Chwls (Siric omi-
densalis) in the Pacific Mostlwese (Bart and Roobson 1993). i

power alse 15 2 function of sample size. For example, the ability to derect a
declining trend in survivorship is a function of the number of years of sampling - §
(monitoring), the number of individuals sampled, and the cffeer size (percent
annual changs) miven set recapture and survival probabilities {figure 7.3). Clearly,
the spatial scale hecomes liporeant, as this dictates the ability to acquire large
samples for 2 long period of time, the two critical factors for detecting trends in
the demography of landbird populations,

Site Selection

A further issue relating o the effectiveness of exrensive MONLoring programs to
provide unbiased estimates of large-scale trends is the representativeness of the
sanples, especially for large geographic arcas. BBS attempts to sarnple randomly,
although becanse all rontes are along roads, there is a roadside bias. Most demo-
graphic monitoring programs, such as BRBIRD and MAPS, use a nonrandom
sampling framework. Sires selected are usually 2 function of locsl or habicat-
specific interest or sires with large numbers (high density) of birds. Since most
bird populations scem to be distribured with a high degrer of hererogeneiry, with
maost sites having few individuals of a given species and anly a few sites with high
densities (Brown 1995 Rosenberg 19%7), it may not be feasible ro have a prob
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Bias

Coefficient of Wariation
of Locel Estimates

cv

Bias of Larger Scale Estimates

Increasing Scale co

Diecreasing Sampling INTENSTY  e——

Figuze 7.2, Trade-off in precision of lecal esmmaces and bias in lagre=soale csiimates of paramerces
of hird populztions. Given a finite sampling eftort, there s umifortinarely a made-odl in ebraining
precise estintes for a piven sampling area (e, = P"“i'-“]“" natiomal forese) and obinng unbi

el lurgeseale {e.g., western Mooth Amenea] estimanes. With 1 sampling scheme focused for
estimating parameers ef bird populations at somall spacial scales (figure 7.1), precision for the lecal
esimares will be wuch grearer {and the cocffivivnt of varation [CV] el lewer) than under o
Targe scale approach in whech che sarnpling incensity at a sngle site is minimal and thus prodices
primazes with larger ©V. However, if average esumates over o large region are desived, samphing
only 4 fiw sites way produce a repon-wide estinmte with large Bias. The magnitude of the bias will
be positively associated with the degree of spatial heteregeneiry aof the paramerer belng estinared.

ability-based sampling strategy over a large geographic area for demographuc
munitoring because of the larze amount of eifort required at each site. However,
the nonrendom nature of the samples must be considered when making infer-
ences on the larger-scale population parameters.

That fow sites contribure most of the information for many species sugzesls
that estimates from demographic monitoring programs that have a nenrandom
type af sampling regime are unlikely to be representative [or spartial scales larger
than the actual srudy sites, and perhaps may be representative only of the study
aren of the fow stations that contributed the majority of the data. Thus, if the
average rate of a specified parameter for a given geagraphic area 1s the parameter
of interest, then the estimate may be biased; the percent biss s unknown,
although it is probably related ta the level of geographic or habitat-specific vari-
ation in the paramerer. 10 there is liede or no variation, then estimates of the
average rate may be nnbiased. The bias in the average rate for a geographic area
is primarily a concern because of the nonrandom sampling strategy. If 4 proba-
bility-based design wese used, then it could be argued thar the dominance of &
few stations represents the rrue diseribution of abundance; hence, there may ke
firtle bigs in the average rates since they reflect the overall population. Tf there
WEIE COMInon ralts anong Et".:ﬂy sites, then el ':1;1}:'5 ﬁnggL‘Sﬁ'.'& infercnces
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Figuee 7.3 Simulation analysis of the statistical power to detect exponentially declining survivor-
ship in relalion o the number of individuals released annually, number of years ol monitoring, and 1
percent anmual decling, The sparial seale reflects the averuze number of birde released annually ing
grographic unit within 2 pamcula spatialseale (e individual station). Dar were simulaced o re-
Hect field dam collecred on Swainson’s Thiush (Cathamy nsvfains) from the MAFS Tropram
(Hosenbery, De Sante, and Hines, in press). Initial survival mtes used in the simulitions were {145,
anut recaproee probability ws (1,54, :

(hypotheses) could be made relevant to the commoen trait (g, 3 specific habitat
type for BBIRD ar landscape-level habitae information, such as extent of forest
fragmentation, for MAPS), Such determinations potentially could be made with
vegetation data from che study area (BBIRLY and from the 1a ndscape surrounding -
the station (MAPS).

N

Making Research Effective for Conservation

An effective integrated avian monitoring effort will be able o identify declining
species, idenafy potential demographic traits responsible [or the declines, and
attemnpt to relate those traits to habicar and landscape characeeristics, An inte- §
grated approach will also provide usefil information to aid in identifying con- - §
servarnion strategics and management actions to reverse the declines, and will pro-
vide 2 means for evaluating the effectiveness of the strategies and actions  §
implemented. Foremost will be the description of the remporal and geographic | §
parrerns of bird population parameters: relative abundance, productrvity, and sur-
vivorshup. Untangling the processes responsible for the observed patterns will - §
require an experimental or quasi-experimentzl approach (Michols, in [press),
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which hepefully will be fcilitared by knowledge of the temporal and geographic
patterns found from monitoring,

Successtul effores to reverse population declines aof landbirds will require an
infmale integration of monitoring, research, and management. We believe that
monitering st play a ceneral role in such an integrated process. Thus, it is the
monitering of population rrends that defines the species of interest (1.e., declining
species]. It is the integrated monitoring of population trends and primary demo-
graphic purameters that provides information regarding the spatial and temporal
parerns on which hypotheses of proximal demographic causes of population
change are generated and intensive research at the local scale is based, Results
from maonitoring, coupled with the results of the implemented research, must
then lead to suggested management actions at the local scale, and conservation
sategies ar larger scales, to reverse the population declines in species of concern,
The inregrated monitoring of population trends and primary demographic para-
meters, when done i an experimental framewark, will then provide the means
for evaluating the eflectiveness of the implemenred management actions and con-
servanion strategies, Wo strongly recommend thar each implemented manage-
ment action be required ro provide suggested monitering efforts o evaluate its
effectiveness at reversing the population declines in the species of concern. In this
way, monitoring, research, and management truly can be integrated into an inter-
active sequence of activities,

An example of the operation of such an integrated monitoring, research, and
munagernent effort could be as follews. Assume BBS data show that a targel
species is declining in area A but has a stable population trend in area B, Assume
that MAPS dara show that survival rates for the species do not differ between areas
Aand B, bue that productivity indices in arca A are significanty less than chose
i area B and that the difference in productivity is sufficienty laree w account
for differences in population tremds between arcas A and B Such a sitwation
would suggest that low productivity is the proximal demographic cause of the
pepulation decline in area A. Habirar-specific informarian from BBIRIY an nest
success of the species in area A could provide information on the stage(s) in the
nesting cycle that may be causing the low productivicy (i.e., clucch size, number
n}"nesring atbempos, survival of eges or young). This lacter information would lead
to research cllors to rest hypotheses regarding the cause of the low productvicy
and to additional effores to identify appropriate management actions o increase
productivity at the local scale and to identify larger-scale conservation strategies
L merease productiviry over the eatire range of the species where it is in decline,
Continued integrated monitoring of population trends and primary demo-
graphic parameters would then determine the effectiveness of the nunagement
artions and conservation strategies implemented, This assessinent would not only
tvaluare whether the declining population trend s lessening, but also whether
Productivity isell s being enhanced by the implemented actons and strategies.
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Although the concept of integrated population monitoring is r-susunahl}r'f;{
straightforward and analytical methods are well developed, implementation of
integrated population monitoring is not a simple matter, especially over ]:trgelif
geographic areas. Real-world issues of sample size (allecting precision of Esti-:ié
mates), sampling strategy (affecting bins of estimazes), and sparial seale are diffi-
cult and complex. The battam line, nevitahly, 1s that a larme number of sample;
collected aver a long time period will be necessiry Lo provide precise and unbi.
ased estimates of demographic rares and population tends. Coordination among |
the various programs will also be required for an inlegrated approacl. Cuorrendy,
there is little overlap of samnpling sites among BUS, BBIRTY, and MAPS. :

A real commitment to conrinued, long-term monitaring on the pare of agen-
cles charged with the responsibilicy of managing hird populations is crucial, In
addition, the large samples required can likely be ohtained only by substanrial v::l=_..j;':
unteer effort. The recrnitment, training, and maintenance of a nerwork of vol-
unteers is thus also crucial to the success of any large-scale, integrated, popula-
Horn-monitoring scheme. Ulrimately, an interest in and appreciation of birds at
the grassroots level must be cultvared if we are 1o succeed in identifying and
deseribing avian population changes and in developing successful v:mtsen-'atinn”:'
stetegies for reversing population declines. i
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