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Abstract
1. Abundance–occupancy (A–O) relationships are widely documented for many or-

ganismal groups and regions, and have been used to gain an understanding of 
regional population and community trends. Monitoring changes in abundance and 
occupancy over time may be what is required to document changes in conserva-
tion status and needs for some species, communities, or areas.

2. We hypothesize that if there is a higher proportion of declining species in one 
group of species compared with another (e.g., migratory species vs. permanent 
residents), then a consequence of that difference will be vastly different abun-
dance–occupancy relationships. If this difference persists through time, then the 
resulting A–O relationships between the groups will continue to diverge.

3. For neotropical migrants, short‐distance migrants, and permanent resident birds 
of North America, we assess the numbers of declining species over 1969–2009. 
We further test for differences in the A–O relationship across these three groups, 
and in rates of change in abundance and occupancy separately.

4. We find significant differences in numbers of declining species across the mi-
gratory groups, a significant decline in the A–O relationship for permanent resi-
dents, a significant increase for Neotropical migrants, and a nonsignificant decline 
for short‐distance migrants over the 40 years. Further, abundances are not chang-
ing at different rates but occupancies are consistently greater over time for neo-
tropical migrants versus permanent residents, likely driving the changes in A–O 
relationships observed.

5. In these analyses, we documented changing A–O trends for different groups of 
species, over a relatively long time period for ecological studies, one of only a few 
studies to examine A–O relationships over time. Further, we have shown that a 
temporally unvarying abundance–occupancy relationship is not universal, and we 
posit that variability in A–O relationships is due to human impacts on habitats, 
coupled with variation in species' abilities to respond to human impacts.
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1  | INTRODUC TION

Interspecific abundance–occupancy (hereafter abundance–oc-
cupancy or A–O, unless qualified by “intraspecific”) relationships 
are widely documented for many organismal groups and regions 
(Blackburn, Cassey, & Gaston, 2006); Darwin theorized their oc-
currence (Darwin, 1859; Zuckerberg, Porter, & Corwin, 2009). 
Abundance–occupancy (A–O) relationships have been used to gain 
an understanding of regional population and community trends 
(Donald & Fuller, 1998; Freckleton, Noble, & Webb, 2006; Gibbons, 
Donald, Bauer, Fornasari, & Dawson, 2007). A–O relationships 
are particularly useful because declining abundance is not always 
accompanied by declining range (Böhning‐Gaese & Bauer, 1996; 
Chamberlain, Fuller, Bunce, Duckworth, & Shrubb, 2001). Having 
the information provided by both occupancy and abundance, and 
monitoring changes in both over time may be what is required to 
rapidly document changes in conservation status for some species 
and to gauge community disruption in a timely manner (Ormond, 
Whatmough, Hudson, & Daniels, 2014).

The interspecific A–O relationship is typically positive: As spe-
cies occupy more geographic area, they tend to have higher aver-
age abundances across the range. There are several reasons for 
why this positive relationship can be observed in nature: resource 
use dynamics, range position, sampling artifact, and resource avail-
ability. Species with different niche breadths (and different pat-
terns of resource use) will achieve different areas of occupancy 
and different average abundances across their ranges. Aggregating 
across all species will yield a positive abundance–occupancy rela-
tionship (Gaston & Lawton, 1994; Warren & Gaston, 1997). Range 
position within the study area will result in a positive relationship, 
because species that occupy most or all of the study area will have 
higher average abundances than other species (Warren & Gaston, 
1997). Similar sampling artifacts might arise through incomplete 
sampling of species with the smallest ranges and/or abundances. 
Within the study area, species utilizing abundant resources will 
themselves achieve high abundances, and species utilizing rare 
resources will be correspondingly less abundant. See a very good 
review of drivers in Warren and Gaston (1997) and of performance 
of A–O models at predicting abundance from occupancy (Hui et al., 
2009). The latter paper makes the excellent point that the inter-
specific A–O relationship will be constrained by the intraspecific 
relationships of its composite species and that (at least for the data 
examined by Hui et al. (2009)) abundance can be reliably estimated 
from occupancy at finer scales, but will be underestimated at larger 
scales.

Negative interspecific A–O and/or no relationships have also 
been observed (Blackburn et al., 2006; Chamberlain et al., 2001; 
Päivinen et al., 2005; Symonds & Johnson, 2006). Speculations 
about causes of negative (or a lack of: Reif et al., 2006) relationship 
between abundance and occupancy include effects of isolation cou-
pled with a high degree of adaptation to the environment (Reif et al., 
2006), range position (Päivinen et al., 2005), and differences in niche 
breadth resulting in a negative relationship between niche breadth 

and density (Päivinen et al., 2005). Thus far, these negative relation-
ships between occupancy and abundance are rare; they deserve 
further study, to understand why they might arise. The number of 
documented positive A–O relationships far exceeds the number of 
negative relationships.

For abundance–occupancy relations to provide a reliable barom-
eter of community change, they would need to remain stable over 
time. Few studies have examined the consistency of interspecific 
abundance–occupancy relationships over long time periods. Three 
notable exceptions are studies by Fisher and Frank (2004), Webb, 
Noble, and Freckleton (2007), and Zuckerberg et al. (2009). Fisher 
and Frank (2004) studied marine fish species under pressure from 
fishing. The community showed a decreasing abundance–occupancy 
trend over time for the 32 years studied. The authors note that both 
occupancy and abundance of individual species changed in response 
to the fishing activity, thus driving the change in the abundance–
occupancy relationship over the study period. Webb et al. (2007) 
assessed avian abundance–occupancy dynamics in Great Britain 
over 32 years, contrasting these in farmland and woodland environ-
ments. They found that the strength (measured as correlation co-
efficient) of the interspecific relationship between abundance and 
occupancy declined over the study period. They ascribe this declin-
ing strength to a weakening of the linkage between abundance and 
occupancy for the rare species intraspecific abundance–occupancy 
relationship, likely due to a decline in habitat quality. They found that 
common species’ intraspecific abundance–occupancy relationships 
resembled the interspecific pattern. Last, Zuckerberg et al. (2009) 
examined possible temporal dynamics of the interspecific abun-
dance–occupancy relationship for breeding birds in New York state, 
using two independent data sources. They found that within New 
York, the A–O relationship was consistent across time, and unvary-
ing across migratory groups and different habitats.

These three studies have examined the possibility in changing 
A–O relationships over time and have found conflicting results. Both 
Fisher and Frank (2004) and Webb et al. (2007) cite human‐induced 
habitat change as major drivers of change in A–O relationships. To 
reconcile the Zuckerberg study, it is probable that the habitats in 
New York state have not degraded enough over the time period of 
that analysis in order to substantially change the A–O relationships 
(that analysis compares two periods: 1980–5 and 2000–5).

Many species of long‐distance migrants are experiencing rapid 
and/or sustained population declines across their breeding ranges 
(Robbins, Sauer, Greenberg, & Droege, 1989; Sanderson, Donald, 
Pain, Burfield, & Bommel, 2006). Habitat loss and degradation in 
both wintering and breeding areas are implicated for these declines 
(Sanderson et al., 2006; Sauer & Droege, 1992; Sherry & Holmes, 
1996). In fact, some authors have suggested that avian mortal-
ity is sufficiently high during periods of migration to adversely af-
fect breeding population sizes (Klaassen et al., 2014; Newton, 
2006, 2007; Sillet & Holmes, 2002; Strandberg, Klaassen, Hake, & 
Alerstam, 2009), an understudied phenomenon.

Conversely, long‐distance migrants should have more strongly 
positive A–O relationships because, by virtue of their mobility, they 
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ought to be able to locate and colonize suitable patches of habitat 
much more readily than short‐distance migrants or permanent res-
idents. Thus, short‐distance migrants and/or permanent residents 
should be less efficient at occupying habitats, even if their abun-
dances are increasing.

In this analysis, we hypothesize that if there is a higher pro-
portion of declining species in one group of species compared 
to another (e.g., migratory species vs. permanent residents), 
then a consequence of that difference will be a vastly different 
abundance–occupancy relationship between the two groups. 
Moreover, if this difference persists through time, then the re-
sulting abundance–occupancy relationships between the groups 
will continue to diverge. For neotropical (long‐distance) migrants, 
short‐distance migrants, and permanent residents of North 
America, we assess the numbers of declining species (in abun-
dance, in occupancy, and in number of detections per sampling 
episode) in the years 1969–2009 and find significant differences 
in numbers of declining species across the groups of bird species, 
which then lead to differences in the abundance–occupancy rela-
tionship across these three groups.

2  | METHODS

2.1 | Data

We use the Breeding Bird Survey dataset, spanning 1969–2009. 
The North American Breed Bird Survey (BBS) is a yearly transect 
(“route”) census of North American breeding birds, in operation 
since 1966, and conducted in early June (or in late May for more 
southerly routes). The timing is meant to ensure that all migra-
tory bird species have set up breeding territories in their breeding 
grounds, but that breeding is not very far along so that individual 
birds are more easily detected by ear (contrasted to later in the 
season, when birds sitting on nests remain very quiet). Data col-
lected in the BBS are edited so that detections of migratory or 
nonbreeding species are removed from the dataset (Sauer, Link, 
Fallon, Pardieck, & Ziolkowski, 2013), and nocturnal species (e.g., 
a calling owl) are removed, to mitigate possible bias resulting from 
these species. Each route is 24.5 miles long; there are 50 “stops” 
along the route, every half mile. Each stop is 3 min long, and census 
takers record every individual detected (by sight or ear). Observer 
effort is standardized: There is typically 1 observer per route, per 
the BBS methodology (Sauer et al., 2013). BBS route locations are 
chosen so as to allow a representative sample of habitats available 
within the BBS study region. Route locations are also nonrandom 
in that they are placed along secondary roads (so as to minimize 
nondetection due to road noise, and to allow human observers 
better access to habitat).

2.2 | Study region

The BBS survey region comprehensively covers the lower half of 
Canada, the entire US, and Northern Mexico.

2.3 | Species

We restricted our analyses to terrestrial bird species that breed 
in the US and Canada, and whose range is largely covered by the 
BBS survey region. We divided the birds into permanent residents, 
long‐distance (neotropical) migrants, and short‐distance migrants, 
following the classification scheme set by the Breeding Bird Survey 
(Pardieck, Ziolkowski, Hudson, & Campbell, 2016). Permanent resi-
dents usually do not migrate to overwintering areas (though many 
individuals undergo sometimes lengthy migrations); short‐distance 
migrants do usually migrate, but overwinter within the US and 
Canada; long‐distance migrants overwinter outside of the US and 
Canada. These are imperfect designations, as some species that 
are classified as short‐distance migrants may have portions of the 
range in which the species is resident, versus portions of the range in 
which the species migrates (e.g., red‐tailed hawk and American kes-
trel (Goodrich & Smith, 2008), ospreys (Martell, McMillian, Solensky, 
& Meale, 2004), many other examples), combined with substantial 
individual variation within populations.

2.4 | Occupancy

For each species and for alternate years in the period 1969–2009, we 
used regression and model selection (Burnham & Anderson, 2002) 
to assess whether the number of occupied routes (tallied as the num-
ber of routes on which a bird was detected in a particular year) sta-
tistically increased or decreased (or neither) over time. (A check for 
temporal autocorrelation of the abundance–occupancy relationship 
showed significant autocorrelation at a lag of 1 for permanent resi-
dents and neotropical migrants (but no autocorrelation for short‐dis-
tance migrants), we used alternate years to account for any effects 
of temporal autocorrelation; this resulted in N = 20 years.) We con-
ducted model selection, comparing linear, Poisson and negative bi-
nomial models, and selected among those using AIC. In cases where 
Akaike's information criterion (AIC) was within 4 units of the model 
with the next‐lowest AIC, we retained the simpler model and tested 
for statistical significance of the model coefficient(s). Statistically 
significant model coefficients indicated whether a species has been 
increasing/decreasing/static in occupancy.

2.5 | Abundance

Similarly, we used model selection comparing 1st, 2nd, and 3rd order 
polynomials of average abundance (across all locations where a bird 
was detected within a particular year) against year, to assess whether 
a species shows a trend of increasing/decreasing/static popula-
tion size (number of individuals per route) over time. We used AIC 
to discriminate among models, retaining simpler models where ap-
propriate (as above for occupancy) and then tested for significance 
of model coefficients. In cases where the best‐fitting model for 
abundance was a quadratic model (parabolic in shape), we adopted 
a decision rule to classify that species’ behavior (for that metric) as 
the behavior (increasing or decreasing) that was most recent. Since 
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linear and polynomial regression can result in predictions of negative 
abundance, the usual caveats apply regarding extrapolating beyond 
the range of the data.

2.6 | Saturation

We define “saturation” as the proportional number of stops (out of 
50) per BBS route on which a species was detected. We used re-
gression to test for increasing, decreasing, or static “saturation” over 
time. Change in saturation over time indicates whether bird popula-
tions are becoming more densely or sparsely distributed within the 
environments in which they are found. We compared logistic regres-
sion with binomial errors (or quasi‐binomial errors for significantly 
overdispersed data) and used AIC to choose among models, retain-
ing simpler models where appropriate (as for occupancy and abun-
dance) and tested for significance of model coefficients.

We summarized results for these three metrics (occupancy, 
abundance, and saturation) for the three migratory guilds of bird 
species (long‐distance migrants, short‐distance migrants, and per-
manent residents). We tested for significance of coefficients of the 
best model, and if the coefficients were not significant (i.e., model 
was “best” according to AIC, but not significant overall), we classi-
fied that species as neither increasing nor decreasing for that metric 
(occupancy/abundance/saturation).

Our goal was to assess changes in species‐specific abundance 
and occupancy over time, for the three migratory guilds, in compari-
son with the group comprised of all birds, and to use that information 
to predict changes in the interspecific abundance–occupancy rela-
tionship over time. For us to observe an increasing abundance–oc-
cupancy slope over time, the group of species must necessarily have 
a greater number of species with increasing abundance (compared 
with the number of species displaying decreased or stable abun-
dance) and/or the species must display decreasing occupancy with 
stable abundance. Thus, for each migratory guild, we regressed av-
erage abundance (the response, taken on a log scale to stabilize the 
variance) versus log occupancy (number of routes on which a species 
was detected) over all species in a single year. We retained the slope 

of each yearly regression and then tested for statistically significant 
change in slopes of the interspecific abundance–occupancy relation-
ship over time.

3  | RESULTS

For all three metrics (occupancy, abundance, and saturation), there 
were instances for which the best model was linear (e.g., Figure 1a) 
and some instances where there was no best (and no significant) 
model (as Figure 1b). There were additionally some cases where the 
better model was a polynomial (3rd order) but the overall trend was 
still clearly increased or decreased (as Figure 1c). In many cases, the 
best‐fitting model was a curvilinear relationship that closely approxi-
mates a line (as Figure 1d, a logistic with quasi‐binomial errors, clas-
sified as increasing).

In Table 1, we summarize these results across the three migration 
guilds, noting proportion of species that show a significantly increas-
ing or decreasing (or no) relationship for occupancy, abundance, and 
saturation. Over the 40‐year study period, occupancy is increasing 
on average for all three migratory guilds. For long‐distance migrants, 
there are a higher proportion of species increasing in abundance (vs. 
decreasing or static in abundance). Similarly, almost 50% of long‐dis-
tance migrants have been increasing in saturation (vs. the 28% that 
are decreasing in saturation, and the 26% that have shown no statis-
tical change in saturation).

The permanent residents show very different results. Permanent 
residents have a higher proportion of species that are decreasing 
(in abundance, 45%) compared with those increasing (32%) or static 
in abundance (22%). Permanent residents have very similar propor-
tions of species increasing and decreasing in saturation (40% and 
34%, respectively).

The results for short‐distance migrants' abundance and satura-
tion are similar to those of permanent residents, in that equal pro-
portions of species show declining or static abundance over time 
(35% each), and very similar proportions of birds are increasing and 
decreasing in saturation over time (34% vs. 39%, respectively).

F I G U R E  1   Examples of model results 
in model selection (a) linear, or for which a 
linear fit is equally good (as measured by 
AIC); (b) saturation cannot be said to be 
increasing or decreasing (nonsignificant 
logistic model overlaid); (c) negative 
binomial (gray dashed curve) and linear 
model (black line) provided equally good 
fits, so we retained the linear model; 
(d) this species' saturation increased, as 
specified by the best model (logistic with 
quasi‐binomial errors)
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Given these results, we checked for significant temporal autocor-
relation in the abundance and occupancy relationships (separately 
for abundance, and then again for occupancy). Temporal autocor-
relation does exist, over a period of 3/10/12 years (permanent resi-
dents/short‐distance migrants/neotropical migrants). However, this 
temporal autocorrelation has little bearing on the slope of the abun-
dance–occupancy relationship (see below).

Abundance–occupancy relationships are changing over time. 
Figure 2 shows examples of abundance–occupancy relationships for 
each migratory guild, for the year 1990 (midway through the study 
period). Permanent residents showed a statistically significant de-
crease in slope of the abundance–occupancy relationship over time 
(R2 = .37, p = .002, Figure 3a). This means that over the 40‐year pe-
riod of this study, permanent residents are becoming less abundant 
in the locations where they are found. Conversely, long‐distance 
(neotropical) migrants have a statistically significant increase in the 
slope of the A–O curve over this same period (R2 = .56, p = 6.1 × 10–

5, Figure 3b). Short‐distance migrants fall in between, with a non-
significant decrease in the slope of the A–O relationship over time 
(Figure 3c). These differences would be masked if all birds were 
considered in one group (Figure 3d). In this latter case, the observer 
would conclude that abundance–occupancy relations are not signifi-
cantly changing over time.

Species with consistently increasing or decreasing abundance 
might have a biasing effect on our calculation of changes in slopes of 
abundance–occupancy relationships. However, a test of autocorrela-
tion for the abundance–occupancy relation itself reveals little auto-
correlation. For the changing slopes of the abundance–occupancy 

relationships, and for the three migratory guilds, we assessed the 
degree of autocorrelation using the pacf command in R. There is 
significant temporal autocorrelation in the changing abundance–oc-
cupancy slopes at a lag of 1 for the neotropical migrants and perma-
nent residents, and no significant temporal autocorrelation for the 
short‐distance migrants (Appendix S1). Given the significant auto-
correlation at a 1‐year time lag, we temporally thinned the data by 
removing every other year (as in Figure 3) and present analyses and 
p‐values from the thinned data set.

To better understand the mechanisms that might be driving the 
difference in slope of abundance–occupancy relationships across 
migratory guilds, we assessed changes of occupancy separate from 
abundance and changes of abundance separate from occupancy. 
For the 1969 data, there was no significant difference in log‐trans-
formed abundances between the permanent residents and neo-
tropical (long‐distance) migrants (t test, p = .57, Figure 4); similarly, 
there was no difference in 2009 abundances between the perma-
nent residents and neotropical migrants (t test, p = .74, Figure 4). 
Occupancy (log‐transformed), however, differed between migratory 
guilds, in both 1969 (t test, p = 1.38 × 10–6, Figure 5) and 2009 (t test, 
p = 4.03 × 10–6, Figure 5).

Thus, migratory guilds show no difference in abundances over 
time, but neotropical migrants have larger occupancies over time, 
and a significantly increasing slope in the A–O relationship, while 
permanent residents have lower occupancies over time and a sig-
nificantly decreasing slope in the A–O relationship. These results 
indicate that in aggregate, neotropical migrants are managing to gain 
access to more habitat over time than are permanent residents.

Migratory guild 
(# species)

Occupancy Abundance Saturation

Inc Dec No Inc Dec No Inc Dec No

Long distance 
(138)

0.92 0.01 0.07 0.46 0.28 0.26 0.46 0.28 0.26

Short distance 
(109)

0.96 0.01 0.03 0.29 0.35 0.35 0.34 0.39 0.37

Permanent resi-
dents (108)

0.88 0.01 0.11 0.32 0.45 0.22 0.40 0.26 0.34

TA B L E  1   Proportions of species 
exhibiting increasing (“inc”), decreasing 
(“dec”), or no change in Occupancy, 
Abundance, and Saturation

F I G U R E  2   Example (1990) 
abundance–occupancy relationships
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4  | DISCUSSION

We expected that long‐distance migrants would have more strongly 
positive A–O relationships because, by virtue of their mobility, they 
ought to be able to locate and colonize suitable patches of habitat 
more readily than short‐distance migrants. Thus, short‐distance mi-
grants should be less efficient at occupying habitats, even if their 
abundances are increasing.

In line with what we expected, we found that the rate of change 
in abundance with increasing occupancy is becoming significantly 
more rapid for neotropical migrants over time, but significantly less 
rapid for permanent residents. If the slope of the abundance–occu-
pancy relationship continues to decline to 0 for the permanent res-
idents, there will be no statistical relationship between abundance 
and occupancy for them. Short‐distance migrants show a nonsignifi-
cant decline in rate of change in abundance with occupancy, whereas 
the group comprised of all birds demonstrates a nonsignificant in-
crease in slope of the abundance–occupancy relationship over time 
(driven largely by the long‐distance migrants).

There are a few phenomena that might explain these differences 
in change of abundance with occupancy rate across the migratory 
guilds. It is certain that for abundance–occupancy relationships to 
change significantly for different groups of animals, either the abun-
dances must be differentially changing, or the occupancies must 
differentially change, or both. We have good reason to expect that 

occupancies would be different for at least the neotropical migrants, 
given their dispersal abilities (we treat this possibility below).

We considered whether permanent resident abundances have 
been decreasing over time, more than neotropical migrants' abun-
dances. This hypothesis would make sense if permanent residents 
are faring worse on their wintering grounds (due to e.g., high snow 
cover, Doherty & Grubb, 2002) than are neotropical migrants. 
Conversely, we can imagine a scenario where breeding abundances 
are lower for neotropical migrants compared with permanent res-
idents, due to loss of individuals from mortality during migration 
(Klaassen et al., 2014; Newton, 2006, 2007; Sillet & Holmes, 2002; 
Strandberg et al., 2009), or lowered reproductive output from low‐
quality wintering habitat (Norris, Marra, Kyser, Sherry, & Ratcliffe, 
2004). From Figure 4 (and associated t test), the hypothesis that per-
manent resident and neotropical migrant abundances differ is not 
supported.

If abundances of permanent residents and neotropical migrants 
do not differ, then perhaps occupancies for these groups differ. One 
possible mechanism for different occupancies is an earlier return to 
breeding grounds in recent years, resulting in stronger competition 
(by migrants) for breeding territories (and thus, larger occupancy 
for migrants). With continuing climate change, migratory distance is 
decreasing for at least some species (Curley, Manne, & Veit, 2019; 
Potvin, Välimäki, & Lehikoinen, 2016; Visser, Perdeck, Balen, & Both, 
2009) as breeding and wintering ranges differentially shift. Further, 

F I G U R E  3   Changes in slopes of 
abundance–occupancy relationships 
over the 40 years of this study, for three 
migratory guilds and for all bird species
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F I G U R E  4   Neotropical migrants and permanent residents have similar abundances in 1969 and 2009 (t test, p = .57, and .74, respectively)
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with climate change‐associated phenology changes, migratory birds 
are returning earlier to breeding grounds (Cotton, 2003; Sparks et 
al., 2005). Species that have faster flight speeds have been shown to 
respond to changing climate with appropriate (earlier) phenological 
changes (Hurlbert & Liang, 2012). When we examined occupancy for 
neotropical migrants and permanent residents, we did find that neo-
tropical migrants consistently have higher occupancy than perma-
nent residents (Figure 5) and that this result is consistent over time.

It is possible that another, non‐climate‐related mechanism might 
explain the greater occupancy of neotropical migrants. The con-
siderably larger vagility of neotropical migrants may correlate with 
greater range sizes (Böhning‐Gaese, Caprano, Ewijk, & Veith, 2006), 
and hence, greater occupancies via increased traversal (wandering) 
of the landscape, with consequent greater detections. However, 
other researchers have noted that analyses looking for a positive 
relationship between range size and dispersal ability have found 

conflicting results (Lester, Ruttenberg, Gaines, & Kinlan, 2007). We 
asked whether neotropical migrants have greater numbers of detec-
tions per transect than permanent residents. Out of 50 stops per 
BBS route, per species, and per year, we averaged the observed 
numbers of stops on which a species was detected in that year. 
We created bins of average numbers of stops (1–2 stops [1%–4% 
of stops], 3–5 stops [5%–10% of stops], >5 stops [>10% of stops]), 
and tallied the number of species‐year combinations that fell into 
these bins (Figure 6). t Tests of these data reveal that permanent 
residents have higher numbers of species‐year combinations with 
average number of stops ≤2 (p = .001), neotropical migrants have 
higher numbers of species‐year combinations with average number 
of stops >2 and <5 (p = 4.38 × 10–7), and permanent residents have 
higher numbers of species‐year combinations with average number 
of stops >5 (p = .02). Thus, permanent residents are more likely to 
have the lowest numbers of detections and also the highest numbers 

F I G U R E  5   Neotropical migrants have larger occupancies than permanent residents, in 1969 and 2009 (t test, p = 1.38 × 10–6, and 
4.03 × 10–6, respectively)
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F I G U R E  6   Permanent residents are more likely (than neotropical migrants) to be detected few times (average of 1 or 2 stops/route in a 
50‐stop route) and on more than 5 stops (average > 5 stops/route), while neotropical migrants are more likely to have 2–5 average stops/
route. See text for more explanation
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of detections, while neotropical migrants are more likely to have de-
tections in the 5%–10% (of detections) range. We cannot count this 
as complete support for the idea that neotropical migrants are mov-
ing about the landscape more and thus being detected more often 
than are permanent residents.

Migration speed might explain why some neotropical migrants 
can arrive more quickly to breeding grounds and thus compete more 
effectively for breeding territories with resident birds. However, this 
argument does not work for short‐distance migrants, who should 
reach breeding grounds faster (even) than long‐distance migrants 
(Butler, 2003), but in this analysis did not show a significant change 
in rate of abundance increase with occupancy increase.

Last, we checked for the possibility of one large and cohesive 
species group within the long‐distance migrants driving the results. 
Within the long‐distance migrants, there are 40 wood warblers and 
16 flycatcher species. For each of these groups and for the long‐
distance group comprised of all species but flycatchers and wood 
warblers, we repeated the abundance–occupancy analyses. All three 
species groups demonstrate a significantly increasing slope of abun-
dance–occupancy relationship through time (Figure 7).

5  | CONCLUSIONS

The consistency of the abundance–occupancy relationship across 
many species groups and regions underscores its importance as a 
macroecological rule and governing principle of communities. It is 
important to understand the circumstances under which this rule 

will be altered (Fisher & Frank, 2004; Webb et al., 2007). [Here, if 
the decline of the slope of the abundance–occupancy relationship 
for permanent residents is not halted, the abundance–occupancy 
relationship for these species will cease to exist.] In these analyses, 
we have documented changing trends in abundance–occupancy for 
different groups of species, over a relatively long time period for eco-
logical studies. This is one of only a few studies (that we know of) 
to examine abundance–occupancy relationships over time. Further, 
we have noted that some species show an increasing rate of abun-
dance change with occupancy change and some species have a de-
creasing rate of abundance change with occupancy change. We have 
narrowed down the mechanism for this difference between species 
groups to a process impacting occupancy and have eliminated both 
better dispersal ability of the neotropical migrants and taxonomic 
sampling phenomena (one species group driving the relationship) as 
proximal causes.

Clearly, a temporally unvarying abundance–occupancy rela-
tionship is not universal. Human impacts on natural habitats and 
on global climate are unrelenting; we speculate that some of the 
variability in abundance–occupancy relationships observed here 
is due to human impacts on habitats. The role of habitat quality 
on community structure (Ficetola & De Bernardi, 2004; Hylander, 
Nilsson, Gunnar Jonsson, & Göthner, 2005) and resilience (Hughes 
et al., 2003) cannot be overstated. The next step in this line of re-
search is to investigate how changing habitat quality/fragmenta-
tion may correlate with occupancy dynamics for North American 
bird species.

ACKNOWLEDG MENTS

We thank the thousands of U.S. and Canadian North American 
Breeding Bird Survey participants who annually perform and coor-
dinate the survey. We thank Shai Mitra, Shannon Curley and two 
anonymous reviewers for thoughtful comments about the analyses.

CONFLIC T OF INTERE S T

None declared.

AUTHORS'  CONTRIBUTIONS

LM conceived the idea and carried out analyses. LM and RV designed 
the methodology. LM and RV wrote the manuscript.

DATA AVAIL ABILIT Y S TATEMENT

Breeding Bird Survey data available from the BBS‐USGS Patuxent 
Wildlife Research Center, https ://www.pwrc.usgs.gov/bbs/ 
(Pardieck et al., 2016).

ORCID

Lisa L. Manne  https://orcid.org/0000‐0002‐0846‐9191 

F I G U R E  7   Within the neotropical migrants, a single cohesive 
group of species is not driving the increase in abundance–
occupancy slope through time. (a) Warblers (n = 40); (b) Flycatchers 
(n = 16); (c) All long‐distance (neotropical) migrants excluding 
warblers and flycatchers

1970 1980 1990 2000 2010

0.
05

0.
15

0.
25

(a) Warblers, p = 3.6 x 10−5

Year

A
−O

 s
lo

pe

1970 1980 1990 2000 2010−0
.0

4
0.

02
0.

08

(b) Flycatchers, p = 0.01

Year

A
−O

 s
lo

pe

1970 1980 1990 2000 2010

0.
20

0.
26

0.
32

(c) All long-distance migrants minus warblers and flycatchers, p = 0.01

Year

A
−O

 s
lo

pe

https://www.pwrc.usgs.gov/bbs/
https://orcid.org/0000-0002-0846-9191
https://orcid.org/0000-0002-0846-9191


610  |     MANNE ANd VEIT

R E FE R E N C E S

Blackburn, T. M., Cassey, P., & Gaston, K. J. (2006). Variations 
on a theme: Sources of heterogeneity in the form of the in-
terspecific relationship between abundance and distribu-
tion. Journal of Animal Ecology, 75, 1426–1439. https ://doi.
org/10.1111/j.1365‐2656.2006.01167.x

Böhning‐Gaese, K., & Bauer, H.‐G. (1996). Changes in species abun-
dance, distribution, and diversity in a Central European Bird 
Community. Conservation Biology, 10, 175–187. https ://doi.org/10.1
046/j.1523‐1739.1996.10010 175.x

Böhning‐Gaese, K., Caprano, T., van Ewijk, K., & Veith, M. (2006). Range 
size: Disentangling current traits and phylogenetic and biogeo-
graphic factors. The American Naturalist, 167, 555–567. https ://doi.
org/10.1086/501078

Burnham, K. P., & Anderson, D. R. (2002). Model selection and multimodel 
inference: A practical information‐theoretic approach. New York, NY: 
Springer.

Butler, C. J. (2003). The disproportionate effect of global warming on the 
arrival dates of short‐distance migratory birds in North America. Ibis, 
145, 484–495. https ://doi.org/10.1046/j.1474‐919X.2003.00193.x

Chamberlain, D. E., Fuller, R. J., Bunce, R., Duckworth, J. C., & Shrubb, 
M. (2001). Changes in the abundance of farmland birds in rela-
tion to the timing of agricultural intensification in England and 
Wales. Journal of Applied Ecology, 37, 771–788. https ://doi.
org/10.1046/j.1365‐2664.2000.00548.x

Cotton, P. A. (2003). Avian migration phenology and global climate 
change. Proceedings of the National Academy of Sciences of the United 
States of America, 100, 12219–12222. https ://doi.org/10.1073/
pnas.19305 48100 

Curley, S., Manne, L. L., & Veit, R. R. (2019). Differential summer and 
winter range shifts: Implications for migration distances. Diversity & 
Distributions, in revision.

Darwin, C. (1859). On the origin of species. London, UK: John Murray.
Doherty, P. F., & Grubb, T. C. (2002). Survivorship of permanent resident 

birds in a fragmented forested landscape. Ecology, 83, 844–857. https 
://doi.org/10.1890/0012‐9658(2002)083[0844:SOPRB I]2.0.CO;2

Donald, P. F., & Fuller, R. J. (1998). Ornithological atlas: Review of uses 
and limitations. Bird Study, 45, 129–145.

Ficetola, G. F., & De Bernardi, F. (2004). Amphibians in a human‐domi-
nated landscape: The community structure is related to habitat fea-
tures and isolation. Biological Conservation, 119, 219–230. https ://doi.
org/10.1016/j.biocon.2003.11.004

Fisher, J. A. D., & Frank, K. T. (2004). Abundance‐distribution relation-
ships and conservation of exploited marine fishes. Marine Ecology‐
Progress Series, 279, 201–213. https ://doi.org/10.3354/meps2 79201 

Freckleton, R. P., Noble, D., & Webb, T. J. (2006). Distributions of habitat 
suitability and the abundance–occupancy relationship. The American 
Naturalist, 167, 260–275. https ://doi.org/10.1086/498655

Gaston, K. J., & Lawton, J. H. (1994). Effects of scale and habitat on the 
relationship between regional distribution and local abundance. 
Oikos, 58, 329–335. https ://doi.org/10.2307/3545224

Gibbons, D. W., Donald, P. F., Bauer, H.‐G., Fornasari, L., & Dawson, I. K. 
(2007). Mapping avian distributions: The evolution of bird atlases. 
Bird Study, 54, 324–334. https ://doi.org/10.1080/00063 65070 
9461492

Goodrich, L. J., & Smith, J. P. (2008) Raptor migration in North America. 
In K. L. Bildstein, J. P. Smith, E. Ruelas Inzunza, & R. R. Veit (Eds.), 
State of North America's birds of prey. Nuttall Ornithological Club 
Series in Ornithology No. 3 (pp. 37–150). Cambridge, MA: American 
Ornithologists Union Series in Ornithology.

Hughes, T. P., Baird, A. H., Bellwood, D. R., Card, M., Connolly, S. R., 
Folke, C., … Roughgarden, J. (2003). Climate change, human impacts, 
and the resilience of Coral Reefs. Science, 301, 929–933. https ://doi.
org/10.1126/scien ce.1085046

Hui, C., McGeoch, M. A., Reyers, B., Roux, P. C., Greve, M., & Chown, S. 
L. (2009). Extrapolating population size from the occupancy‐abun-
dance relationship and the scaling pattern of occupancy. Ecological 
Applications, 19, 2038–2048. https ://doi.org/10.1890/08‐2236.1

Hurlbert, A. H., & Liang, Z. L. (2012). Spatiotemporal variation in avian mi-
gration phenology: Citizen science reveals effects of climate change. 
PLoS ONE, 7, 1–11. https ://doi.org/10.1371/journ al.pone.0031662

Hylander, K., Nilsson, C., Gunnar Jonsson, B., & Göthner, T. 
(2005). Differences in habitat quality explain nestedness in a 
land snail meta‐community. Oikos, 108, 351–361. https ://doi.
org/10.1111/j.0030‐1299.2005.13400.x

Klaassen, R. H. G., Hake, M., Strandberg, R., Koks, B. J., Trierweiler, C., 
Exo, K.‐M., … Alerstam, T. (2014). When and where does mortality 
occur in migratory birds? Direct evidence from long‐term satellite 
tracking of raptors. Journal of Animal Ecology, 83, 176–184. https ://
doi.org/10.1111/1365-2656.12135 

Lester, S. E., Ruttenberg, B. I., Gaines, S. D., & Kinlan, B. P. 
(2007). The relationship between dispersal ability and geo-
graphic range size. Ecology Letters, 10, 745–758. https ://doi.
org/10.1111/j.1461‐0248.2007.01070.x

Martell, M. S., McMillian, M. A., Solensky, M. J., & Meale, B. K. (2004). 
Partial migration and wintering use of Florida by ospreys. Journal of 
Raptor Research, 38, 55–61.

Newton, I. (2006). Can conditions experienced during migration limit the 
population levels of birds? Journal of Ornithology, 147, 146–166. https 
://doi.org/10.1007/s10336‐006‐0058‐4

Newton, I. (2007). Weather‐related mass‐mortality events in migrants. Ibis,  
149, 453–467. https ://doi.org/10.1111/j.1474‐919X.2007.00704.x

Norris, D. R., Marra, P. P., Kyser, T. K., Sherry, T. W., & Ratcliffe, L. M. 
(2004). Tropical winter habitat limits reproductive success on the 
temperate breeding grounds in a migratory bird. Proceedings of the 
Royal Society of London. Series B: Biological Sciences, 271, 59–64.

Ormond, S., Whatmough, R., Hudson, I., & Daniels, C. (2014). 
Environmental and anthropogenic impacts on avifaunal assemblages 
in an Urban Parkland, 1976 to 2007. Animals, 4, 119–130. https ://doi.
org/10.3390/ani40 10119 

Päivinen, J., Grapputo, A., Kaitala, V., Komonen, A., Kotiaho, J. S., 
Saarinen, K., & Wahlberg, N. (2005). Negative density‐distribution 
relationship in butterflies. BMC Biology, 3, 5.

Pardieck, K. L. Jr, Ziolkowski, D. J. Jr, Hudson, M.‐A.‐R., & Campbell, K. 
(2016). North American Breeding Bird Survey Dataset 1966–2015, ver‐
sion 2015.1. Patuxent, MD: US Geological Survey.

Potvin, D. A., Välimäki, K., & Lehikoinen, A. (2016). Differences in shifts 
of wintering and breeding ranges lead to changing migration dis-
tances in European birds. Journal of Avian Biology, 47, 619–628. https 
://doi.org/10.1111/jav.00941 

Reif, J., Hořák, D., Sedláček, O., Riegert, J., Pešata, M., Hrázský, Z., … 
Storch, D. (2006). Unusual abundance‐range size relationship 
in an Afromontane bird community: The effect of geographi-
cal isolation? Journal of Biogeography, 33, 1959–1968. https ://doi.
org/10.1111/j.1365‐2699.2006.01547.x

Robbins, C. S., Sauer, J. R., Greenberg, R. S., & Droege, S. (1989). 
Population declines in North American birds that migrate to the 
neotropics. Proceedings of the National Academy of Sciences of the 
United States of America, 86, 7658–7662. https ://doi.org/10.1073/
pnas.86.19.7658

Sanderson, F. J., Donald, P. F., Pain, D. J., Burfield, I. J., & van Bommel, F. 
P. J. (2006). Long‐term population declines in Afro‐Palearctic migrant 
birds. Biological Conservation, 131, 93–105. https ://doi.org/10.1016/j.
biocon.2006.02.008

Sauer, J. R., & Droege, S. (1992). Geographic patterns in population 
trends of neotropical migrants in North America. In J. M. Hagan III 
& D. W. Johnston (Eds.), Ecology and conservation of Neotropical mi‐
grant landbirds (pp. 26–42). Washington, DC: Smithsonian Institution 
Press.

https://doi.org/10.1111/j.1365-2656.2006.01167.x
https://doi.org/10.1111/j.1365-2656.2006.01167.x
https://doi.org/10.1046/j.1523-1739.1996.10010175.x
https://doi.org/10.1046/j.1523-1739.1996.10010175.x
https://doi.org/10.1086/501078
https://doi.org/10.1086/501078
https://doi.org/10.1046/j.1474-919X.2003.00193.x
https://doi.org/10.1046/j.1365-2664.2000.00548.x
https://doi.org/10.1046/j.1365-2664.2000.00548.x
https://doi.org/10.1073/pnas.1930548100
https://doi.org/10.1073/pnas.1930548100
https://doi.org/10.1890/0012-9658(2002)083%5B0844:SOPRBI%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2002)083%5B0844:SOPRBI%5D2.0.CO;2
https://doi.org/10.1016/j.biocon.2003.11.004
https://doi.org/10.1016/j.biocon.2003.11.004
https://doi.org/10.3354/meps279201
https://doi.org/10.1086/498655
https://doi.org/10.2307/3545224
https://doi.org/10.1080/00063650709461492
https://doi.org/10.1080/00063650709461492
https://doi.org/10.1126/science.1085046
https://doi.org/10.1126/science.1085046
https://doi.org/10.1890/08-2236.1
https://doi.org/10.1371/journal.pone.0031662
https://doi.org/10.1111/j.0030-1299.2005.13400.x
https://doi.org/10.1111/j.0030-1299.2005.13400.x
https://doi.org/10.1111/1365-2656.12135
https://doi.org/10.1111/1365-2656.12135
https://doi.org/10.1111/j.1461-0248.2007.01070.x
https://doi.org/10.1111/j.1461-0248.2007.01070.x
https://doi.org/10.1007/s10336-006-0058-4
https://doi.org/10.1007/s10336-006-0058-4
https://doi.org/10.1111/j.1474-919X.2007.00704.x
https://doi.org/10.3390/ani4010119
https://doi.org/10.3390/ani4010119
https://doi.org/10.1111/jav.00941
https://doi.org/10.1111/jav.00941
https://doi.org/10.1111/j.1365-2699.2006.01547.x
https://doi.org/10.1111/j.1365-2699.2006.01547.x
https://doi.org/10.1073/pnas.86.19.7658
https://doi.org/10.1073/pnas.86.19.7658
https://doi.org/10.1016/j.biocon.2006.02.008
https://doi.org/10.1016/j.biocon.2006.02.008


     |  611MANNE ANd VEIT

Sauer, J. R., Link, W. A., Fallon, J. E., Pardieck, K. L. Jr, & Ziolkowski, D. 
J. (2013). The North American Breeding Bird Survey 1966–2011: 
Summary analysis and species accounts. North American Fauna, 79, 
1–32. https ://doi.org/10.3996/nafa.79.0001

Sherry, T. W., & Holmes, R. T. (1996). Winter habitat quality, population 
limitation, and conservation of neotropical‐nearctic migrant birds. 
Ecology, 77, 36–48. https ://doi.org/10.2307/2265652

Sillet, T. S., & Holmes, R. T. (2002). Variation in survivorship of a migra-
tory songbird throughout its annual cycle. Journal of Animal Ecology, 
71, 296–308. https ://doi.org/10.1046/j.1365‐2656.2002.00599.x

Sparks, T. H., Bairlein, F., Bojarinova, J. G., Hüppop, O., Lehikoinen, E. A., 
Rainio, K., … Walker, D. (2005). Examining the total arrival distribu-
tion of migratory birds. Global Change Biology, 11, 22–30. https ://doi.
org/10.1111/j.1365‐2486.2004.00887.x

Strandberg, R., Klaassen, R. H. G., Hake, M., & Alerstam, T. (2009). 
How hazardous is the Sahara Desert crossing for migratory birds? 
Indications from satellite tracking of raptors. Biology Letters, 6, 
297–300.

Symonds, M. R. E., & Johnson, C. N. (2006). Range size‐abundance rela-
tionships in Australian passerines. Global Ecology and Biogeography, 
15, 143–152. https ://doi.org/10.1111/j.1466‐822X.2005.00198.x

Visser, M. E., Perdeck, A. C., Van Balen, J. H., & Both, C. (2009). 
Climate change leads to decreasing bird migration dis-
tances. Global Change Biology, 15, 1859–1865. https ://doi.
org/10.1111/j.1365‐2486.2009.01865.x

Warren, P. H., & Gaston, K. J. (1997). Interspecific abundance‐occupancy 
relationships: A test of mechanisms using microcosms. Journal of 
Animal Ecology, 66, 730–742. https ://doi.org/10.2307/5924

Webb, T. J., Noble, D., & Freckleton, R. P. (2007). Abundance–occu-
pancy dynamics in a human dominated environment: Linking in-
terspecific and intraspecific trends in British farmland and wood-
land birds. Journal of Animal Ecology, 76, 123–134. https ://doi.
org/10.1111/j.1365‐2656.2006.01192.x

Zuckerberg, B., Porter, W. F., & Corwin, K. (2009). The consistency and 
stability of abundance‐occupancy relationships in large‐scale popu-
lation dynamics. Journal of Animal Ecology, 78, 172–181. https ://doi.
org/10.1111/j.1365‐2656.2008.01463.x

SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article. 

How to cite this article: Manne LL, Veit RR. Temporal changes 
in abundance–occupancy relationships over 40 years. Ecol Evol. 
2020;10:602–611. https ://doi.org/10.1002/ece3.5505

https://doi.org/10.3996/nafa.79.0001
https://doi.org/10.2307/2265652
https://doi.org/10.1046/j.1365-2656.2002.00599.x
https://doi.org/10.1111/j.1365-2486.2004.00887.x
https://doi.org/10.1111/j.1365-2486.2004.00887.x
https://doi.org/10.1111/j.1466-822X.2005.00198.x
https://doi.org/10.1111/j.1365-2486.2009.01865.x
https://doi.org/10.1111/j.1365-2486.2009.01865.x
https://doi.org/10.2307/5924
https://doi.org/10.1111/j.1365-2656.2006.01192.x
https://doi.org/10.1111/j.1365-2656.2006.01192.x
https://doi.org/10.1111/j.1365-2656.2008.01463.x
https://doi.org/10.1111/j.1365-2656.2008.01463.x
https://doi.org/10.1002/ece3.5505

