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The latitudinal and elevational patterns of species richness of resident and migrant birds
have been of interest to researchers over the past few decades, and various hypotheses
have been proposed to explain the factors that may affect these patterns. This study
aimed to shed light on the elevational distribution patterns of resident and migrant bird
species richness by examining biotic and abiotic factors such as climate, and habitat
heterogeneity using a piecewise structural equation model (pSEM). The overall pattern of
resident species richness showed a decreasing trend with increasing elevation, whereas
that of migrant species richness showed an increasing trend. The mid-peak pattern of
species richness was affected by a combination of resident and migrant species and not by
either resident or migrant species. Our results showed that resident species were
distributed in lower elevation regions with higher mean spring temperatures, whereas
migrant species were found in higher elevation regions with lower mean spring
temperatures and higher overstory vegetation coverage. Although high elevation
conditions might adversely affect the reproduction of migrant birds, higher overstory
vegetation coverage at high elevations seemed to compensate for this by providing a
better nesting and roosting environment. Despite the significance of habitat diversity and
understory vegetation coverage in univariate linear regression models, multiple regression
models of the interconnection of ecological processes demonstrated that mean spring
temperature and overstory vegetation coverage were more explanatory than other
variables.
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Abstract

The latitudinal and elevational patterns of species richness of resident and migrant birds
have been of interest to researchers over the past few decades, and various hypotheses have been
proposed to explain the factors that may affect these patterns. This study aimed to shed light on
the elevational distribution patterns of resident and migrant bird species richness by examining
biotic and abiotic factors such as climate, and habitat heterogeneity using a piecewise structural
equation model (pSEM). The overall pattern of resident species richness showed a decreasing
trend with increasing elevation, whereas that of migrant species richness showed an increasing
trend. The mid-peak pattern of species richness was affected by a combination of resident and
migrant species and not by either resident or migrant species. Our results showed that resident
species were distributed in lower elevation regions with higher mean spring temperatures,
whereas migrant species were found in higher elevation regions with lower mean spring
temperatures and higher overstory vegetation coverage. Although high elevation conditions
might adversely affect the reproduction of migrant birds, higher overstory vegetation coverage at
high elevations seemed to compensate for this by providing a better nesting and roosting
environment. Despite the significance of habitat diversity and understory vegetation coverage in
univariate linear regression models, multiple regression models of the interconnection of
ecological processes demonstrated that mean spring temperature and overstory vegetation

coverage were more explanatory than other variables.

Introduction
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Latitudinal patterns of species richness and the distribution of resident and migrant bird
species have been used to provide useful information on climate change (Godet, 2021) over the
past few decades. Moreau (1952) was the first to study the role of tropical Africa in the migration
of Palearctic birds. In North America, MacArthur (1959) conducted quantitative studies on the
distribution and abundance patterns of tropical migrant birds. Herrera (1978) found that the
proportion of migrant passerine birds was increased with increasing latitude in Europe.
Hypotheses regarding habitat complexity and land cover types have been proposed, and the
importance of habitat heterogeneity has been noted (Bilcke, 1984; Elsen et al., 2021). Most
species have strong associations with one or more land cover types (Elsen et al., 2021) and
specific food resources (Willson, 1976; Helle & Fuller, 1988), which can influence the bird
species richness pattern. Temperature-related factors are of great importance considering that
latitudinal gradients are closely associated with thermal gradients, which can influence resident
and migrant species richness (Forsman & Mdnkkonen, 2003; Evans, Warren & Gaston, 2005;

Elsen et al., 2021).

Elevation-based temperature gradients are the most important factor that can influence
the distribution of resident and migrant species by affecting bird fecundity and levels of parental
care in breeding birds (Badyaev & Ghalambor, 2001; Evans, Warren & Gaston, 2005; Elsen et
al., 2021). A study related to habitat heterogeneity found that the highest migrant ratios were
recorded in mature upland areas and lowland areas with predominantly young or low vegetation
(Fuller & Crick, 1992). These results are broadly in agreement with other findings showing that
migratory species commonly represent a high proportion of birds in early successional habitats
(Fuller & Crick, 1992; Smith, Salgado & Robertson, 2001) as the food resources make them

unsuitable for resident species (Greenberg, 1995). These results indicated that residents having
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the characteristics of specialists were distributed in areas with higher habitat diversity which has
a variety of habitats and food resources. Recently, there have been several studies on the
latitudinal patterns of resident and migrant species richness and the influencing factors (Smith et
al., 2017; Elsen et al., 2021; Leveau, 2021); however, limited number of studies have examined

elevational patterns (La Sorte et al., 2015; Katuwal et al., 2016; Alvarez-Alvarez et al., 2020).

Various hypotheses related to climate, spatial factors, evolution, biology, and the
elevational Rapoport’s rule have been proposed to explain elevational patterns of species
richness (Stevens, 1992; McCain, 2009; Kim et al., 2018, 2019). Previous studies of elevational
patterns of breeding bird species richness conducted in Jirisan National Park, South Korea,
showed a mid-peak pattern, which tested several hypotheses (Kim et al., 2018) and the
elevational Rapoport’s rule (George C. Stevens, 1992; Kim et al., 2019). These studies presumed
that the migratory bird species would contribute to species richness. However, the heterospecific
attraction hypothesis and contribution of the group with the widest range were not explained the
mid-peak pattern (Kim et al., 2018, 2019). And Kim et al., (2018) detected this mid-peak species
richness pattern as a function of elevation for migratory and resident birds grouped together
overall. However, it remains unclear what influences the distribution of different resident and
migrant groups and how this affects the mid-peak pattern. Therefore, elevational resident and
migrant species patterns is required to gain a more thorough understanding of what might explain

the pattern.

In the present study, we determined the distribution patterns of resident and migrant bird
species richness and examined the convergent response of different groups on the mid-peak
pattern. We tested previously mentioned hypotheses regarding resident and migrant species

distribution related to climate (mean spring temperature during breeding season), vertical habitat
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heterogeneity (understory and overstory vegetation coverage), and horizontal habitat
heterogeneity (habitat diversity) using linear regression and piecewise structure equation models.

The conceptual scheme of the present study is shown in Fig. 1.

Materials & Methods

Study area and bird survey

We used the data obtained from a bird survey by Kim et al. (2018), which was
undertaken in mixed or deciduous forests located within Jirisan National Park in South Korea
(total area of 481.022 km?) with an elevational range of 200—1,400 m above sea level (asl). The
elevational range in the present study area was 110-1,915 m asl; however, we excluded
subalpine forests (above 1,400 m asl), which include ridges populated by coniferous shrubs. The
standardized sampling of vegetation types is important in elevational studies (Rahbek, 1997;
Ferreira & Perbiche-Neves, 2021). Therefore, all field surveys were conducted only in mixed or
deciduous forests. A total of 142 plots were surveyed along an elevational gradient, and we
randomly chose 10—-12 plots within each 100 m elevation bracket (Fig. 2). The location of each
plot was recorded using a GPS device. Surveys of the bird fauna and vertical coverage of
vegetation were undertaken in every plot. Point counts of birds were carried out between late
May and June 2015 to account for summer migratory arrivals. Our one-year dataset might have
some uncertainties because year-to-year variations could affect species richness patterns. All
breeding bird species seen and heard within a 50 m radius of each plot (0.8 ha) were recorded
during the 15 min survey period. Point count surveys commenced at sunrise and ended in 1-3 h

when the birds were the most active under good weather conditions (e.g. without precipitation,
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fog, and prevalent wind). Detected birds were identified at the species level and classified as
residents, migrants, and passing migrants. Passing migrant birds that were non-breeding species
were eliminated from our analyses to investigate the differences in habitat use among breeding

birds (i.e., residents vs. migrants).

Environmental variables

The Weather Research and Forecasting (WRF) model (version 3.6) was used to retrieve
the mean spring temperature (e.g. April to June) at regional and local scales. The maximum and
minimum temperatures during the 2015 breeding season were also extracted for each survey plot
using the WRF model (see also Kim et al., 2018, 2019). We used the vertical coverage of
vegetation as an indicator of vertical habitat heterogeneity. The vertical coverage of vegetation
was surveyed at each sampling plot within a 5 m radius; vertical layers were divided into
understory (less than 2 m in height) and overstory (greater than 10 m in height) vegetation with
four categories in each layer: 0 (0% coverage), 1 (1-33% coverage), 2 (34—-66% coverage), and 3
(67-100% coverage) (Kim et al., 2018, 2019). Horizontal habitat diversity was determined by
calculating the Shannon-Wiener diversity index (H') using the area of that particular habitat type
(= abundance) and the number of different habitat types (= richness), which was used as an
indicator of habitat heterogeneity (Kim et al., 2018, 2019). The area and number of habitat types
were extracted from land cover maps (Ministry of Environment, Republic of Korea) within a 150
m radius of each plot using ArcGIS 10.3 (ESRI, Redlands, CA, USA) (Kim et al., 2018). A total
of 15 subcategories of habitat types (residential area, commercial area, roads, public facilities,
rice paddy, farmland, orchard, deciduous forest, coniferous forest, mixed forest, natural
grassland, artificial grassland, swamp, barren land, water) could be found around the area and

were used for the habitat diversity index.
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Statistical analyses

Two dependent variables (species richness of resident and migrant birds) and three
independent variables (mean spring temperature, vegetation coverage, and habitat diversity) were
used for the analysis of 142 survey plots. To determine the differences in the distribution patterns
between resident and migrant birds, we analyzed best-fit curves (linear, quadratic) using R%, F,
and P values.

We used a piecewise structural equation model (pSEM) with a generalized least squares
model to test our conceptual models. The pSEM allowed us to account for the hierarchy of
effects and investigate the relationship between multiple response and predictor variables (Kim
et al., 2021). pSEMs for testing the conceptual models (Fig. 1) were constructed based on
hypotheses regarding resident and migrant species distribution. Our conceptual models examined
the correlations using mean spring temperature, vertical habitat heterogeneity, and horizontal
habitat heterogeneity. We hypothesized the following: 1) elevation would directly affect mean
spring temperature, vertical habitat heterogeneity, and horizontal habitat heterogeneity; 2)
temperature, vertical habitat heterogeneity, and horizontal habitat heterogeneity would influence
resident and migrant species richness. We considered spatial autocorrelation as a function of a
random effect based on the coordination of each location (Dormann, 2007; Kim et al., 2021). We
assessed the model (pSEM) fit to the data using Fisher’s C statistics and the associated P value
(i.e., P > 0.05 indicates an accepted model) (Dormann, 2007; Ali et al., 2020; Kim et al., 2021).

All statistical analyses were performed using R 4.0.0 (packages piecewiseSEM, nlme, Ime4).

Results
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Elevational patterns of resident and migrant birds

We determined the differences in elevational patterns between resident and migrant birds.
The linear and quadratic patterns of single models for the species richness of resident birds as a
function of elevation showed that species richness was decreased with increasing elevation (Fig.
3(a)). However, single models for the species richness of migrant birds as a function of elevation
showed that species richness was increased with increasing elevation (Fig. 3(b)). For both
dependent variables, quadratic patterns had slightly higher R? values compared with the values of

linear patterns (Table 1) and were identified as best-fit curves.

Factors affecting the elevational distribution of resident and

migrant birds

In the pSEM (Table S1, Fig. 4), elevation had a significant positive effect on the coverage of
understory vegetation (f = 0.34, P =0.011) and a negative effect on the mean spring temperature
(f=-0.69, P <0.001) and habitat diversity (f =-0.68, P <0.001). Higher mean spring
temperature increased resident species richness (8 = 0.32, P = 0.025, R? = 0.16); however,
resident species richness had no significant relationship with understory vegetation coverage,
overstory vegetation coverage, and habitat diversity (all P> 0.05). Lower mean spring
temperature and higher overstory vegetation coverage increased migrant species richness (f = -
0.48, P<0.001; #=0.34, P <0.001; R? = 0.36); however, migrant species richness had no
significant relationship with understory vegetation coverage, habitat diversity, and resident
species richness (all P> 0.05). The model-fit statistics (Fig. 4) indicated that the model was valid

(Fisher’s C=22.81; P=10.198).
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Discussion

Elevational patterns of resident and migrant birds and the

convergent response of different groups

Fuller and Crick (1992) observed a pattern in elevational gradients, which showed that
the highest migrant ratios were recorded at higher elevations. Our results were also consistent
with the previously observed geographical patterns, with resident species richness having a
negative quadratic relationship with elevation (Fig. 3(a)) and migrant species richness having a
positive quadratic relationship with elevation (Fig. 3(b)). Previous study showed a mid-peak
pattern of species richness (total species richness) using same data base (Kim et al., 2018).
Therefore, sum of the resident and migrant species richness should be total species richness
(mid-peak pattern). However, we are still unsure why elevational patterns of species richness
have been found to have a mid-peak in a previous study (Kim et al., 2018), because our results of
the richness of resident and migrant birds did not show a mid-peak. According to our results, for
two intersecting quadratic curves, which meet at the mid-point, the sum of the center regions was
greater than the sum of the side regions (Fig. 5). These results demonstrated that neither resident
species nor migrant species singularly affected the mid-peak pattern, and the mid-regions which
had the highest species richness could adequately accommodate both resident and migrant

species.

Factors affecting the elevational distribution of resident and

migrant birds

Previous studies on the ambient energy hypothesis have shown that temperature is an

important variable for the fecundity of breeding birds and influences the distribution of species
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richness (Forsman & Moénkkonen, 2003; Evans, Warren & Gaston, 2005). In the present study,
the distribution of resident species in lower elevation regions was associated with higher
temperatures (Fig. 3(a) and 4), and the distribution of migrant species in higher elevation regions
was associated with lower temperatures (Fig. 3(b) and 4), which are in agreement with the results
of previous studies (Forsman & Monkkonen, 2003; Evans, Warren & Gaston, 2005). The
ecological conditions of high elevations include colder temperatures, greater seasonality, and
shorter breeding seasons that could reduce the fecundity of breeding birds and increase the
amount of parental care required (Badyaev, 1997; Wynne-Edwards, 1998; Badyaev &
Ghalambor, 2001). Therefore, high elevation conditions could adversely affect the reproduction
of migrant birds.

Although migrant birds were distributed in higher elevation regions in the present study,
the species richness of migrant birds showed an increasing trend with overstory vegetation
coverage (Fig. 4). Regions with higher vegetation coverage could offer a mixture of resources
(e.g., sites for nesting and roosting and food resources) for mountain birds. In addition, habitats
in these areas would likely provide considerable benefits in terms of biodiversity, especially for
species threatened by climate change (Heller & Zavaleta, 2009; Elsen et al., 2021). Migrant
species tolerate habitat disturbances better (Levey, 1994; Smith, Salgado & Robertson, 2001)
and are more flexible than resident species in their habitat use (Karr, 1976; Hutto, 1989;
Greenberg, 1995). Therefore, breeding migrant birds at high elevations could face
disadvantageous conditions owing to low temperatures but would not experience a lack of
breeding spaces and roosting sites. These results are consistent with the findings of Fuller and
Crick (1992), which showed that the migrant ratio was the highest in mature upland woods with

little undergrowth.
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Resident species are generally more specialized than migrant species; thus, the former
may require narrower and more specific habitats (Stouffer & Bierregaard, 1995; Smith,
Salgado& Robertson, 2001). We expected that habitat diversity would have a positive
relationship with resident species richness; however, resident species richness did not show a
significant relationship with the study variables except for a significant positive relationship with
ambient temperature (Fig. 4). The SEM is based on the idea that systems can be controlled by
networks of causal processes (Grace et al., 2014). In the case of univariate linear regression
models that did not consider the network between variables, the results were considerably
different (Table S2). In the univariate linear regression models, habitat diversity had a significant
positive effect on resident species richness and a significant negative effect on migrant species
richness (Table S2). The results multiple analysis using pSEM showed that mean spring
temperature and overstory vegetation had a considerable effect on the distribution of birds, and

the effects of other variables were negligible.

Conclusion

The elevational pattern of species richness showed a decreasing trend for resident
species, whereas it exhibited an increasing trend for migrant species. The mid-peak pattern of
species richness was influenced by a combination of both resident and migrant species and not
by either resident or migrant species. Our results indicated that regions with the highest species
richness could adequately accommodate both resident and migrant bird species. The results of
pSEM analyses showed that resident species were distributed in lower elevation regions with
higher temperatures. On the other hand, migrant species were distributed in higher elevation
regions with lower temperatures and inhabited regions with higher vegetation coverage.

Although high elevation conditions could adversely affect reproduction, migrant birds inhabiting
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regions with higher vegetation coverage were unlikely to experience a lack of breeding/roosting
spaces and food resources for reproduction. In the univariate linear regression models, habitat
diversity had a positive effect on resident species and a negative effect on migrant species.
However, the results of multiple regressions, which can explain the interconnected processes of
ecological systems, showed that mean spring temperature and overstory vegetation were more

explanatory than other variables.

References

Ali A, Sanaei A, Li M, Asadi Nalivan O, Pour MJ, Valipour A, Karami J, Aminpour M, Kaboli H, Askari
Y. 2020. Big-trees — Energy mechanism underlies forest diversity and aboveground biomass.
Forest Ecology and Management 461:117968. DOI: 10.1016/.forec0.2020.117968.

Alvarez-Alvarez EA, Rodriguez-Godinez R, Sierra-Morales P, Medina-Valdivia SA, Vazquez-Salgado E,
Brito-Millan M, Almazan-Nufiez RC. 2020. Patterns of bird diversity and endemism along an
elevational gradient in the southern Mexican highlands. Zoological Studies 59. DOLI:
10.6620/7.S.2020.59-69.

Badyaev AV. 1997. Altitudinal variation in sexual dimorphism: a new pattern and alternative hypotheses.
Behavioral Ecology 8:675—-690. DOI: 10.1093/beheco/8.6.675.

Badyaev AV, Ghalambor CK. 2001. Evolution of life histories along elevation gradients: trade-off
between parental care and fecundity. Ecology 82:2948-2960. DOI: 10.1890/0012-
9658(2001)082[2948:EOLHAE]2.0.CO;2.

Bilcke GEERT. 1984. Residence and non-residence in passerines: dependence on the vegetation structure.

Ardea 72:223-227.

Peer] reviewing PDF | (2021:05:61087:4:0:NEW 22 Mar 2022)



Peer]

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

Dormann CF. 2007. Effects of incorporating spatial autocorrelation into the analysis of species
distribution data. Global Ecology and Biogeography 16:129—138. DOI: 10.1111/j.1466-
8238.2006.00279.x.

Elsen PR, Farwell LS, Pidgeon AM, Radeloff VC. 2021. Contrasting seasonal patterns of relative
temperature and thermal heterogeneity and their influence on breeding and winter bird richness
patterns across the conterminous United States. Ecography 44:953-965. DOI:
10.1111/ecog.05520.

Evans KL, Warren PH, Gaston KJ. 2005. Species—energy relationships at the macroecological scale: a
review of the mechanisms. Biological Reviews 80:1-25. DOI: 10.1017/S1464793104006517.

Ferreira CD, Perbiche-Neves G. 2021. The importance of the standardizing sampling methodology to
detect altitudinal gradients in mountains: a study case for the resident bird community in a
hotspot (Atlantic forest) and the Middle Domain Effect. Acta Oecologica 110:103677. DOLI:
10.1016/j.acta0.2020.103677.

Forsman JT, Monkkdnen M. 2003. The role of climate in limiting European resident bird populations.
Journal of Biogeography 30:55—70. DOI: 10.1046/j.1365-2699.2003.00812.x.

Fuller R, Crick H. 1992. Broad-scale patterns in geographical and habitat distribution of migrant and
resident passerines in Britain and Ireland. /bis 134:14-20.

George C. Stevens. 1992. The elevational gradient in altitudinal range: an extension of Rapoport’s
latitudinal rule to altitude. The American Naturalist 140:893-911.

Godet L. 2021. Spatial impacts of climate change on birds. In Spatial Impacts of Climate Change, D.
Mercier (Ed.). 289-310.

Grace JB, Adler PB, Stanley Harpole W, Borer ET, Seabloom EW. 2014. Causal networks clarify
productivity—richness interrelations, bivariate plots do not. Functional Ecology 28:787-798. DOI:
10.1111/1365-2435.12269.

Greenberg R. 1995. Insectivorous migratory birds in tropical ecosystems: the breeding currency

hypothesis. Journal of Avian Biology 26:260-264. DOI: 10.2307/3677328.

Peer] reviewing PDF | (2021:05:61087:4:0:NEW 22 Mar 2022)



Peer]

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

Helle P, Fuller RJ. 1988. Migrant passerine birds in European forest successions in relation to vegetation
height and geographical position. The Journal of Animal Ecology 57:565. DOI: 10.2307/4925.

Heller NE, Zavaleta ES. 2009. Biodiversity management in the face of climate change: a review of 22
years of recommendations. Biological Conservation 142:14-32.

Herrera CM. 1978. On the breeding distribution pattern of European migrant birds: Macarthur’s theme
reexamined. The Auk 95:496-509.

Hutto RL. 1989. The effect of habitat alteration on migratory land birds in a west Mexican tropical
deciduous forest: a conservation perspective. Conservation Biology 3:138—148.

Karr JR. 1976. On the relative abundance of migrants from the north temperate zone in tropical habitats.
The Wilson Bulletin 88:433—458.

Katuwal HB, Basnet K, Khanal B, Devkota S, Rai SK, Gajurel JP, Scheidegger C, Nobis MP. 2016.
Seasonal changes in bird species and feeding guilds along elevational gradients of the Central
Himalayas, Nepal. PLoS One 11:¢0158362.

Kim J-Y, Lee S, Shin M-S, Lee C-H, Seo C, Eo SH. 2018. Altitudinal patterns in breeding bird species
richness and density in relation to climate, habitat heterogeneity, and migration influence in a
temperate montane forest (South Korea). PeerJ 6:¢4857. DOI: 10.7717/peerj.4857.

Kim J-Y, Seo C, Hong S, Lee S, Eo SH. 2019. Altitudinal range-size distribution of breeding birds and
environmental factors for the determination of species richness: an empirical test of altitudinal
Rapoport’s rule and non-directional rescue effect on a local scale. PLoS One 14:¢0203511. DOI:
10.1371/journal.pone.0203511.

Kim J-Y, Shin M-S, Seo C, Eo SH, Hong S. 2021. Testing the causal mechanism of the peninsular effect
in passerine birds from South Korea. PLoS One 16:¢0245958. DOI:
10.1371/journal.pone.0245958.

La Sorte FA, Hochachka WM, Farnsworth A, Sheldon D, Van Doren BM, Fink D, Kelling S. 2015.
Seasonal changes in the altitudinal distribution of nocturnally migrating birds during autumn

migration. Royal Society Open Science 2:150347.

Peer] reviewing PDF | (2021:05:61087:4:0:NEW 22 Mar 2022)



Peer]

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

Leveau LM. 2021. Big cities with small green areas hold a lower species richness and proportion of
migrant birds: a global analysis. Urban Forestry & Urban Greening 57:126953.

Levey DJ. 1994. Why we should adopt a broader view of neotropical migrants. The Auk 111:233-236.
DOI: 10.2307/4088533.

MacArthur RH. 1959. On the breeding distribution pattern of North American migrant birds. The Auk
76:318-325. DOI: 10.2307/4081809.

McCain CM. 2009. Global analysis of bird elevational diversity. Global Ecology and Biogeography
18:346-360.

Moreau RE. 1952. The place of Africa in the Palaearctic migration system. The Journal of Animal
Ecology 21:250. DOI: 10.2307/1961.

Rahbek C. 1997. The relationship among area, elevation, and regional species richness in neotropical
birds. The American Naturalist 149:875-902. DOI: 10.1086/286028.

Smith AL, Salgado J, Robertson RJ. 2001. Distribution patterns of migrant and resident birds in
successional forests of the Yucatan Peninsula, Mexico. Biotropica 33:153—170. DOI:
https://doi.org/10.1111/j.1744-7429.2001.tb00165.x|.

Smith BT, Seeholzer GF, Harvey MG, Cuervo AM, Brumfield RT. 2017. A latitudinal phylogeographic
diversity gradient in birds. PLoS Biology 15:¢2001073.

Stouffer PC, Bierregaard RO. 1995. Use of Amazonian forest fragments by understory insectivorous
birds. Ecology 76:2429-2445. DOI: 10.2307/2265818.

Willson MF. 1976. The breeding distribution of North American migrant birds: a critique of MacArthur
(1959). The Wilson Bulletin 88:582-587.

Wynne-Edwards KE. 1998. Evolution of parental care in Phodopus: conflict between adaptations for
survival and adaptations for rapid reproduction. American Zoologist 38:238-250. DOI:

10.1093/icb/38.1.238.

Peer] reviewing PDF | (2021:05:61087:4:0:NEW 22 Mar 2022)



PeerJ Manuscript to be reviewed

Table 1l(on next page)

Results of linear and quadratic regressions between resident and migrant species
richness along elevational gradients
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‘I}aersiggi?ble Curve patterns | Predictor R? F P
) Linear ) 0.145 23.73 <0.001
Resident Negative
Quadratic 0.197 17.10 <0.001
) Linear . 0.236 43.15 <0.001
Migrant Positive
Quadratic 0.276 26.49 <0.001

Peer] reviewing PDF | (2021:05:61087:4:0:NEW 22 Mar 2022)



PeerJ Manuscript to be reviewed

Figure 1

The conceptual scheme of the present study

Expectations of positive and negative relationship were indicated using blue (positive) and

( Elevation )
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red (negative) arrows.
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Figure 2
Location of (a) study site and (b) survey plots (Kim et al., 2018)
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Figure 3

Relationship between species richness (residents (a) and migrants (b)) and elevation.
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Figure 4

The key piecewise structural equation models (pSEM) for testing the hypotheses of
resident and migrant distribution related to climate and habitat heterogeneity.

Solid blue arrows represent significant positive paths and red arrows represent significant

negative paths (P < 0.05). While dashed arrows represent nonsignificant paths (P > 0.05).

For each variable,R* and estimate value are provided. Model-fit statistics (Fisher’s C and P-

< Elevation )

value) for pSEM are given.
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Figure 5

Schematic representation of convergent response of two quadratic richness curves along elevation.

(a) the sum of side region, (b) the sum of center region.
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