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ABSTRACT

EVALUATING GLOBAL ENVIRONMENTAL CHANGES FROM 1979 TO

2019, TO IDENTIFY PRIORITY CONSERVATION AREAS FOR BIRDS

QIHUI WANG

Nowadays, global warming is unignorable. In response, climate changes have caused impacts
on natural and human systems on all continents and across the oceans, which means that
global species' distributions, populations, and other activities are highly affected by climate
change (AR5 Synthesis Report, n.d.). Therefore, studying environmental changes to identify

priority protected areas is of significance to species protection.

In this study, 19 global bioclimatic variables from 1979 to 2019 were developed and used to
evaluate temporal trends. The variables include annual averages, seasonality, and climatic
extremes. As these variables are known to limit species physiological performance, changes in
these variables can be related to the distributional effects of biological organisms. The species
distribution data from the IUCN Red List of Threatened Species™ (IUCN 2020) was used to
calculate birds' diversity. Finally, global Priority Conservation Areas for birds were identified by

combining the temporal change in 19 bioclimatic variables with birds' diversity.

Florencia Sangermano, Ph.D.
Chief Instructor
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Introduction

Climate is the main factor restricting the distribution, growth, and reproduction of organisms.
Organisms can be sensitive to temperature and climate fluctuations because of adaptations to
specific ranges of climate conditions. Others are indirectly affected by changes in the
interactions with other species. Nowadays, global climate change is unignorable and has
affected ecosystems(AR5 Synthesis Report, n.d.; Remya et al., 2015; Rinawati et al., 2013;
Sintayehu, 2018; Tilman et al., 2006; Watson et al., 2006; Wormworth & Mallon, 2010). As AR5
Synthesis Report: Climate Change 2014 showed that the global average surface temperature
increased 0.85 °C from 1880 to 2012 and will keep increasing due to continued emission of
greenhouse gases (AR5 Synthesis Report, n.d.). Changes in climate have caused impacts on
natural and human systems on all continents and across the oceans.

Global species' distributions, populations, diversity, and other activities are highly affected by
climate change (AR5 Synthesis Report, n.d.). Several studies have shown evidence of the
relationship between temperature increase, changes in precipitation patterns, and other
extreme climatic events on widespread impacts on biodiversity (Parmesan & Yohe, 2003; Root
et al., 2003; Watson et al., 2006). Even slight changes in climate conditions can drive species to
extinction, such as the golden toad and Monteverde harlequin frog (McCarthy et al., 2001), or
the edge of extinction, such as the Polar bear and North Atlantic whale (Sintayehu, 2018).
Climate changes can lead to phenological changes, which have been widely observed globally
(Both et al., 2004; Cooke et al., 2004; Crick & Sparks, 1999; Fitter & Fitter, 2002; Menzel, 2000;
Murphy-Klassen et al., 2005, p.; Roy & Sparks, 2000; Wormworth & Mallon, 2010). This would
result in a biological mismatch, affecting species' reproduction (Both et al., 2006, Sanderson et
al., 2006). The variation in temperature and precipitation patterns can result in more frequent
droughts and floods, making the plants more vulnerable to pests and disease (Tibbetts, 2007).
And the temperature increases may also lead to forest movement much faster than the rate of
natural forest movement (Gates 1990).

Biodiversity increases the resilience of ecosystems to climate changes (Campbell et al., 2011;
Jiang & Pu, 2009; Loreau & Mazancourt, 2013; Tilman et al., 2006), it enhances the efficiency of
ecological communities in capturing resources, biomass production, and nutrient recycling
(Cardinale et al., 2012). Thus, the loss of local and global species may threaten the stability of
ecosystem services on which humans depend (McCann, 2000). According to the insurance
hypothesis (Yachi & Loreau, 1999), ecosystems with high biodiversity are more likely to contain
species with characteristics that enable them to adapt to changing environments, providing an
ecological buffer that may prevent further ecosystem changes and biodiversity loss.

Climate stability is important for biodiversity, and ecosystem stability may respond to climate
change in a complex and multi-dimensional manner(Donohue et al., 2016). For example,



changing climatic conditions will affect the stabilization of plant diversity(Hautier et al., 2015;
Ma et al., 2017; Shi et al., 2016). Cowling et al. (2004) also found a strong positive relationship
between long-term climate stability and regional-scale plant diversity in the four
Mediterranean-type ecosystems (Cowling et al., 2004).

Conservation prioritization is necessary to protect the stability of ecosystems. Identifying
conservation priorities is an essential step in conservation planning (Ferrier & Wintle, 2009), as
it can provide information about when, where, and how we can efficiently achieve conservation
goals (Kremen et al., 2008; Wilson et al., 2009).

The objective of this study was to identify global priority conservation areas for birds based on
the assessment of 40 years of global trends in bioclimatic variables. Combined with global bird
species distribution from IUCN/ Birdlife, priority conservation areas for birds were identified
based on species richness and climate stability.

Method

This study aims to identify global conservation priority areas for birds based on richness and
environmental stability. The study was divided into two parts: Time series analysis of Bioclimate
variables and ldentifying Priority Conservation Areas. The workflow is shown in the figure 1.

Monthly
Minimum Air
Temperature

Monthly
et “RGEE” & “dismo” 19 Bioclimate Time series
Air package in R Variables analysis in TerrSet
Temperature

Maps of Priority
Conservation
Areas for Birds

Total Birds
Precipitation Distribution
Data

Fig 1. Workflow

Bioclimate variables and Time series analysis

The climate data | used is ERA5, which is the fifth-generation ECMWF atmospheric reanalysis of
the global climate. ERA5 combines modeled data with global observations into a globally
complete and consistent dataset. In this research, | used ERA5 monthly minimum air
temperature at 2m height, maximum air temperature at 2m height, and total precipitation data
with 0.25 degrees resolution from 1979 to 2019 (Copernicus Climate Change Service (C3S)
(2017)).

To better capture climate conditions related to species physiology, the U.S. Geological Survey
proposed a set of 19 bioclimatic predictors (USGS Data Series 691: Bioclimatic Predictors for
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Supporting Ecological Applications in the Conterminous United States, n.d.). | used "RGEE"
package (C Aybar et al.) and "dismo" package (Robert J. Hijmans et al.) in R to calculate these
global bioclimate variables as shown in table 1 from 1979 to 2019. The process resulted in 19
time series - one for each bioclimatic variable.

Bioclimatic trends over the 40 years were analyzed through a linear trend analysis. The analysis
results were the slope coefficient of an ordinary least squares regression between the values of
each pixel over time and a perfectly linear series, which showed the expressions of the rate of
change per time step (in this case: per year).

Tab 1. 19 Bioclimate variables with descriptions

Variables Description

BIO1 Annual Mean Temperature (°C)

BIO2 Mean Diurnal Range (Mean of monthly (max temp — min temp))
BIO3 Isothermality (BIO2/BIO7) (* 100)

BIO4 Temperature Seasonality (standard deviation *100)
BIO5 Max Temperature of Warmest Month (°C)

BIO6 Min Temperature of Coldest Month (°C)

BIO7 Temperature Annual Range (BIO5-BIO6)

BIO8 Mean Temperature of Wettest Quarter (°C)

BIO9 Mean Temperature of Driest Quarter (°C)

BIO10  Mean Temperature of Warmest Quarter (°C)

BIO11  Mean Temperature of Coldest Quarter (°C)

BIO12  Annual Precipitation (mm)

BIO13  Precipitation of Wettest Month (mm)

BIO14  Precipitation of Driest Month (mm)

BIO15  Precipitation Seasonality (Coefficient of Variation)
BIO16  Precipitation of Wettest Quarter (mm)

BIO17 Precipitation of Driest Quarter (mm)

BIO18 Precipitation of Warmest Quarter (mm)

BIO19  Precipitation of Coldest Quarter (mm)




Identify Priority Conservation Areas

Species distribution data used in this study were obtained from the IUCN Red List of Threatened
Species™ (IUCN 2020). In this study, | used the avian distribution range dataset to calculate bird
diversity on each pixel. Species richness was then categorized it into 3 classes (Low Diversity:
[0,5); Median Diversity: [5,16); High Diversity: [16,68]) by using Natural Breaks partitioning.

| calculated the mean values and standard deviation values of linear trends for all 19 bioclimate
variables and also reclassified each linear trend into three classes (Low Change: between 1 std
from mean; Median Change: between 2 std to 1 std from mean; High Change: above 2 std from

mean).
Tab 2. Criterions for reclassification
Di ity Val
Classes Iversity Value Classes Linear Trend Value Range
Range
Low Diversity [0,5) Low Change between 1 std from mean
Median Median between 2 std to 1 std from
. . [5,16)
Diversity Change mean
High Diversity [16,68] High Change above 2 std from mean

Combing the reclassified temporal change for every 19 bioclimatic variables with reclassified
birds' diversity resulted in 3 priority classes. As Figure 2 shown, high variables temporal change
and high birds' diversity richness were classified as High Priority; High Change and Median
Richness, Median Change and High Richness, and Median Change and Median Richness were
classified as Median Priority; and other combinations were classified as Low Priority. Finally, the
19 conservation priority maps were combined by counting the frequency of each pixel that
identified as High, Median, or low Conservation Priority for birds.

A

High Change
Low High
Priority Priority
Low
Priority

Low Low Low

Priorit Priorit Priorit
Low Change ./ g i

>
-

Low Richness High Richness

Fig 2. lllustration of defining conservation priority



Results

Trend of bioclimate variables

From the result of ordinary least squares regression (OLS), only a few areas showed an
increasing trend of Annual Mean Temperature (Bio 1). For Mean Diurnal Range (Bio 2),
Isothermality (Bio 3), Temperature Seasonality (Bio 4), and Temperature Annual Range (Bio 7),
there are more decrease trends near the northern pole and south pole. For Max Temperature
of Warmest Month (Bio 5), Min Temperature of Coldest Month (Bio 6), Mean Temperature of
Warmest Quarter (Bio 10), and Mean Temperature of Coldest Quarter (Bio 11) the majority part
showed increased trends, while the decrease trends of Bio 5 appeared near two poles, and the
decrease trends of Bio 6, Bio 10, and Bio 11, which are similar, are generally shown in the
southern hemisphere. The results of ordinary least squares regression of Mean Temperature of
Wettest Quarter (Bio 8) and Mean Temperature of Driest Quarter (Bio 9) have similar spatial
patterns; Results of Annual Precipitation (Bio 12), Precipitation of Wettest Month (Bio 13),
Precipitation of Driest Month (Bio 14), Precipitation Seasonality (Bio 15), Precipitation of
Wettest Quarter (Bio 16), and Precipitation of Coldest Quarter (Bio 19) have similar patterns
that northern hemisphere and southern hemisphere are in a degree symmetrical with the
equator as the axis of symmetry. All the other maps of OLS results of other Bioclimate variables
are in the Appendix 1.

Legend
I <co7s: I ©.07ss --0.0452 ] 0.0452--0.0224 [ 0.0234-0 [ |0- 00481 A

Fig 3. OLS slope of Bio 1

Figure 4 shows the low change, median change and high change areas of slope of ordinary least
squares regression (OLS). We can see the highest changes of mean annual temperature (Bio 1)
mostly presented in ocean areas, particularly in the arctic ocean. The linear trends for Mean
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Diurnal Range (Bio 2), Temperature Seasonality (Bio 4), Min Temperature of Coldest Month (Bio
6), Temperature Annual Range (Bio 7), and Mean Temperature of Coldest Quarter (Bio 11)
presented similar spatial patterns of OLS slope as Bio 1, which were mostly located near the
northern pole, south pole, the Asian continent, and Australia. Trends in Annual Precipitation
(Bio 12), Precipitation of Wettest Month (Bio 13), Precipitation of Driest Month (Bio 14),
Precipitation Seasonality (Bio 15), Precipitation of Wettest Quarter (Bio 16), Precipitation of
Driest Quarter(Bio 17), Precipitation of Warmest Quarter(Bio 18) and Precipitation of Coldest
Quarter (Bio 19) had similar spatial patterns that high change areas mostly locating along
equator and high and median change areas were in a degree symmetrical with the equator as
the axis of symmetry. For Max Temperature of Warmest Month (Bio 5), Mean Temperature of
Wettest Quarter (Bio 8), Mean Temperature of Driest Quarter (Bio 9), and Mean Temperature
of Driest Quarter (Bio 10), the high change areas were mostly appeared in northern
hemisphere, like north America, Neighboring areas between Africa and Asia, and northern part
of Asian. The spatial pattern of high changes in Isothermality (Bio 3) was different than others,
which scattered mostly in oceans, especially along the equator, northern pole and south pole.

Legend
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Fig 4. Reclassified OLS slope for 19 Bioclimate variables



Identify Priority Conservation Areas

Legend N
[JLowrichness [ Median richness Il High richness ————jomewes A

Fig 5. Global bird richness in 2019

Figure 5 shows the global distribution of bird species reclassified into low, medium, high. This
figure shows that, except for Greenland and Antarctica, generally, bird richness on lands were
higher than that on oceans. In southern Asia, southwestern and central Africa, eastern coastal
and northwestern coastal areas, those areas had high bird richness.



il

Legend =
[JLow priority 1 Median pricrity Bl High priotity [ Wilometers A
Fig 6. Priority Conservation Area for Bio 1

From the figure 6, we can see that the High Priority Conservation Areas for Bio 1 was in the
central of Iran. And all the other maps of Priority Conservation Areas are in the Appendix 2. To
better explore the spatial patterns between all the bioclimate variables, the frequency of each
pixel that identified as High, Median, or low Conservation Priority for birds in all 19 maps is

shown in the figure 7, 8 and 9.
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Fig 7. The frequency for each pixel that identified as High Priority Conservation Areas for birds
in 19 maps
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Fig 8. The frequency for each pixel that identified as Median Priority Conservation Areas for
birds in 19 maps

N

0 Legend A
T )
C Kilometers 012345678 91011121314 1516 17 18 19

Fig 9. The frequency for each pixel that identified as Low Priority Conservation Areas for birds in
19 maps

From Figure 7, there are some similar spatial patterns of High Priority Conservation Areas that
are identified as High Conservation Priority in more than 9 out of 19 Priority Conservation Areas
maps. Those High Priority Conservation Areas were located in the central part of Africa, such as
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the Middle of South Sudan, Uganda, the western Democratic Republic of the Congo,
northwestern coastal of Angola, and appeared on central part of China (near the Sichuan
Basin).

Table 4 and table 5 shows the areas of High and Median Conservation Priority for each
bioclimate variables. We can see the for both Bio 9 and Bio 18 the High and Median
Conservation Priority areas were relatively high (ranked in the top 3).

Tab 4. Total area (in square kilometers) identified as High Conservation Priority

Sq kilometers  Proportion Sq kilometers  Proportion

BIO 1 310561.5 0.0411% BIO 11 1585733.4 0.2019%
BIO 2 1819210.7 0.2484% BIO 12 4564284.4 0.6156%
BIO 3 2183277.4 0.3151% BIO 13 2740431.6 0.3764%
BIO 4 909818.4 0.1234% BIO 14 1918622.0 0.2578%
BIO 5 1053913.5 0.1487% BIO 15 2935827.0 0.3989%
BIO 6 986229.0 0.1307% BIO 16 3747861.8 0.5179%
BIO 7 1002076.5 0.1356% BIO 17 2357185.2 0.3172%
BIO 8 3208856.9 0.4194% BIO 18 5160082.8 0.7101%
BIO 9 4034295.4 0.5447% BIO 19 2680717.2 0.3593%
BIO 10 1602220.7 0.2188%

Tab 5. Total area (in square kilometers) identified as Median Conservation Priority

Sq kilometers  Proportion Sq kilometers  Proportion

BIO 1 39844527.4 5.5625% BIO 11 36470230.3 5.3218%
BIO 2 42967121.8 6.5646% BIO 12 43945616.4 6.6306%
BIO 3 35152132.0 5.5285% BIO 13 42249922.8 6.4684%
BIO 4 29299105.8 4.4443% BIO 14 36988844.5 5.5503%
BIO 5 37168126.3 5.3684% BIO 15 41896223.9 6.4057%
BIO 6 30681535.5 4.7095% BIO 16 44361938.4 6.8000%
BIO 7 35243911.1 5.3764% BIO 17 42508464.5 6.2451%
BIO 8 38984706.2 5.6332% BIO 18 44441040.1 6.7656%
BIO9 44052638.5 6.6430% BIO 19 36225995.2 5.4847%
BIO 10 41338595.4 5.8771%

Discussion

Just mentioned in results, for linear trends, most areas showed increasing trends for most of
the bioclimate variables, and the decreasing trends existed in all bioclimate variables and many
of which were appeared similar spatial patterns; also, the most spatial patterns of highest
changes of all 19 bioclimatic variables were similar. Those similar spatial patterns may be
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caused by that variable may be highly correlated or represent similar environmental
characteristics.

The High Priority Conservation Areas appeared most in the central part of Africa, such as South
Sudan, Uganda, and the Democratic Republic of the Congo, which are typical countries in Africa
that are some of the least developed countries globally, and the environments and economic
conditions of these countries are similar (Huntley et al., 2019; Orindi & Eriksen, 2005). They all
have an abundance of natural resources like water, oil, and mineral wealth, and also have
expansive grasslands, swamps, and tropical rain forest. These countries are very vulnerable to
climate changes. For example, in South Sudan, the increasing deforestation due to the
increased demands for charcoal and fuelwood as well as land for agricultural and residential
purposes leads to increased soil erosion. And within the last two decades, it also suffered from
reduced water quantity and quality(South Sudan Launched the National Adaptation Programme
of Actions (NAPA) for Climate Change, 2017). Similar situations also happened in the other two
countries, which increased their vulnerability to climate changes.

China's land use pattern has undergone profound changes during the 20 years from 1990 to
2010, with the further development of the national economy and overall social progress: the
urban and rural construction land continued to expand, with the east as the center of gravity,
spreading to the central and western regions; Cultivated land decreased in the south and
increased in the north, and the center of cultivated land reclamation in the north moved from
the northeast to Xinjiang; affected by the implementation of the six major national forestry
projects, forest land decreased and then increased; grassland continued to decrease(Both et al.,
2006).

For all those areas human activities caused much Land use/land cover changes (LUCC). Land
use/land cover change (LUCC) caused by human activities is the most direct signal that
characterizes the impact of human activities on the earth's land surface natural ecosystems. It is
the main process leading to the fragmentation and loss of species' habitats and ecosystems,
and it is the primary threat to diversity(Kuemmerle et al., 2013).

In this study, only the climate changes were considered, while changes of LUCC were not
included. Careful consideration of the impact of LUCC factors on biodiversity, such as the
change in the area distribution of each type of ecosystem caused by the conversion of land use,
the fragmentation of the biological habitat landscape, and the change in land management
methods(Bohning-Gaese & Lemoine, 2004; Thomas & Lennon, 1999), needs to be included for a
comprehensive assessment of conservation priorities.

Due to the limitation of 0.25-degree resolution of bioclimate variables, those bird species with
small species ranges were excluded from this research. Thus, this prioritization does not include
range-restricted species and only applies to wide-ranging ones. The ranges of birds' distribution
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may include species omissions, range errors and inaccuracy. Sullivan et al. (2017) introduced an
open access datasets called eBird, where individuals can submit bird distribution and
abundance data (Sullivan et al., 2017). Combining open-access datasets in the identification of
species richness can improve future prioritizations.

CONCLUSION

This work defined areas that can be considered the High/Median/Low Priority for the global
conservation of wide-ranging birds. For both High and Median Priority, these areas are located
primarily in Asia and Africa.
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Appendix 1- Slope of ordinary least squares regression
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