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Patterns of bird migration phenology in South Africa
suggest northern hemisphere climate as the most
consistent driver of change
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Abstract

Current knowledge of phenological shifts in Palearctic bird migration is largely based on data collected on migrants
at their breeding grounds; little is known about the phenology of these birds at their nonbreeding grounds, and even
less about that of intra-African migrants. Because climate change patterns are not uniform across the globe, we can
expect regional disparities in bird phenological responses. It is also likely that they vary across species, as species
show differences in the strength of affinities they have with particular habitats and environments. Here, we examine
the arrival and departure of nine Palearctic and seven intra-African migratory species in the central Highveld of
South Africa, where the former spend their nonbreeding season and the latter their breeding season. Using novel ana-
lytical methods based on bird atlas data, we show phenological shifts in migration of five species — red-backed shrike,
spotted flycatcher, common sandpiper, white-winged tern (Palearctic migrants), and diederik cuckoo (intra-African
migrant) — between two atlas periods: 1987-1991 and 2007-2012. During this time period, Palearctic migrants
advanced their departure from their South African nonbreeding grounds. This trend was mainly driven by water-
birds. No consistent changes were observed for intra-African migrants. Our results suggest that the most consistent
drivers of migration phenological shifts act in the northern hemisphere, probably at the breeding grounds.
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Introduction

Seasonal migratory movement is a fascinating phenom-
enon of how animals adapt to predictable fluctuations
in the environment. Timing of migration events has
therefore been an important indicator of how ecosys-
tems react to changes in seasonality, for example due to
climate change (Ball, 1990; Root et al., 2003; Parmesan,
2006; Gordo, 2007). Although there is mounting evi-
dence showing shifts in migration phenology of Pale-
arctic bird species at their breeding grounds (Marra
et al., 2005; Both & Te Marvelde, 2007; Rubolini et al.,
2007; Knudsen et al., 2011), little is known about the
phenological shifts at their nonbreeding grounds (Altw-
egg et al., 2012) and how phenology may react to envi-
ronmental changes in the southern hemisphere
(Chambers et al., 2013). Because climate change pat-
terns are not uniform across the globe (Giorgi, 2006;
Garcia et al., 2014), we can expect regional disparities in
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bird phenological responses. We can also expect these
responses to vary across species that show differences
in the strength of affinities they have with particular
habitats and environments, a factor used to classify spe-
cies as specialists or generalists.

Among the most widely used data for studying phe-
nological shifts are observations of first arrival dates of
migratory birds (i.e. the first time an individual of a
species is observed in a given season in a particular
area). Patterns in these data are strongly influenced by
the detection probability of the studied bird species,
which depends on bird population size (Tryjanowski &
Sparks, 2001), habitat visibility, species conspicuous-
ness, observer knowledge, and effort (Harrison et al.,
1997a). Data from localized bird observatories allow
examination of more robust metrics of migration phe-
nology such as mean migration dates. However, these
data are restricted to specific localities and thus poten-
tially affected by shifts in geographical migration pat-
terns or local weather conditions. Data sets analysed to
date almost always suffer from one of these two draw-
backs (Rubolini et al., 2007). However, novel analytical



2 E.M.S. BUSSIERE etal.

methods enable us to examine phenology throughout
the year and across large-spatial scales using bird atlas
data (Altwegg et al., 2012).

Here, we examine possible changes in phenology of
16 migratory bird species that we considered to be good
representatives of the three following groups: Palearctic
terrestrial migrants (five species), Palearctic migratory
waterbirds (four species), and intra-African migrants
(seven species, Table 1), because of their abundance
and the robustness of the atlas data. Using nonlinear
regression models and bird atlas data from the South-
ern African Bird Atlas Projects (http://sabap2.adu.
org.za/), we quantify the arrival and departure pat-
terns of these migrants in the central Highveld area of
South Africa for the periods 1987-1991 and 2007-2012.

The higher latitudes with their strong seasonality
have experienced clear shifts towards earlier springs
and extended conditions favourable for breeding in
birds (Both & Te Marvelde, 2007). We therefore expect
Palearctic migrants to shorten their stay at their non-
breeding grounds in South Africa by leaving earlier
and possibly arriving later. How climate change
affected seasonality in African areas is less clear (Paeth
et al., 2009; IPCC, 2013). We would expect inconsistent
patterns across the intra-African migrants if they
reacted to local changes at their nonbreeding grounds
and consistent patterns if migration phenology is dri-
ven by conditions at their South African breeding
grounds. Finally, we would expect consistent patterns
across all species if environmental conditions in South
Africa had a strong effect on phenology.

Material and methods

Data collection

We used data collected by the two Southern African Bird Atlas
Projects (SAPAB1: 1987-1991, and SABAP2: 2007 and ongoing;
for this analysis we included data submitted until January
2012). These data were collected as checklists by registered
volunteer atlasers. Atlasers recorded all bird species they
identified within a period of up to 5 days in a particular grid
cell (those SABAP1 lists which had been collected over longer
time intervals were excluded). For SABAP1, the cells were
15'x15', whereas they were 5'x5 for SABAP2, so that each
‘quarter degree grid cell’ for SABAP1 has nine ‘pentads’ for
SABAP2. More information about the SABAP protocols can be
found at http:/ /sabap2.adu.org.za/.

Individuals of a migratory bird species generally do not
arrive all across South Africa simultaneously (Harrison et al.,
1997a; Altwegg et al., 2012). We therefore selected a large
enough area to obtain a substantial dataset but in which the
migration patterns and the detection probabilities for each
species were homogeneous. We selected the rectangle delim-
ited by 23.5°S 26°E at its northwest corner and 27°S 32°E at its

southeast corner. This includes the intensely surveyed Gaut-
eng Province and surroundings, and falls at the centre of the
region known as the Highveld in South Africa. 3826 and 25044
checklists were collected in this area during SABAP1 and
SABAP2, respectively. We grouped all checklists by the 5-day
interval into which their starting date fell, using the fixed-date
pentade system proposed by Berthold (1973) and commonly
used in bird migration research. The year is divided into 73
pentades. For each species s, our data unit for the analysis is
the reporting rate R,, which is calculated for every pentade of
the year. R, is defined as the proportion of checklists in each
pentade recording the species s divided by the total number of
checklists collected during that pentade. For the analysis, it is
convenient to define the start of the phenological year during
a time when migrants are absent. In our case, this is during
the southern hemisphere mid-winter; whereas Berthold’s ori-
ginal system follows the calendar year. We therefore define
the southern hemisphere pentade Pgyy in relation to Berthold’s
pentade Py as Psy = Pg + 36 if Py <37, and Pgy = Pg — 37
otherwise.

Statistical analyses

We analysed phenological shifts for each species separately,
using the bird atlas data and statistical methods suggested by
Altwegg et al. (2012). We used a nonlinear curve fitting algo-
rithm implemented in procedure nls (nonlinear least squares)
in program R 3.0.1 (R Core Team, 2013) to fit the following
curve to our data (Figs 1-3). The fitted curve consists of two
sigmoid curves (logistic functions) pasted back to back so that
their horizontal asymptotes are the same:

if Psyy < [Psn),

Asym, Y
R _ {1+exp[<P5Hxmidz,,‘)/scalus] ’
=

Asym, .
1+exp[-(Psy—xmid,, ) /scal ] +é if Psyt > [Psul;.
1)

where R; is the reporting rate for species s (i.e. the propor-
tion of checklists reporting species s in a given pentade),
and Pgy the southern hemisphere pentade. The five struc-
tural parameters to be estimated are, for each species, as fol-
lows. Asym, is the maximum average reporting rate of
species s reached in mid-summer when the species s is most
abundant (Psy = [Psnls, Table 1); xmid, and xmid,, are the
inflection points (i.e. half of the maximum) of the sigmoid
curves relating to arrival and departure periods of species s;
scal,, and scaly, are the scale parameters, which can be inter-
preted as rate of arrival or departure of species s, respec-
tively. Finally, we assumed normally distributed errors, ¢,
and verified the validity of this assumption by inspecting
the residual plots.

Our model essentially divides the phenological year into a
part during which migrants arrive (Pgy < [Pspils) and one dur-
ing which they depart (Psgy > [Pspls). The model assumes that
reporting rates are close to zero at the beginning of the pheno-
logical year and then monotonically increase when migrants
start arriving until they reach a plateau, which for most spe-
cies happened well before [Psyls. Some time after [Psyls, we
assume that reporting rates decline monotonically to zero as

© 2015 John Wiley & Sons Ltd, Global Change Biology, doi: 10.1111/gcb.12857
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Fig. 1 The proportion of checklists recording each Palearctic
migratory bird in the South African Highveld region through-
out the year during 1987-1991 (SABAP1, solid line with filled
circles) and 2007-2012 (SABAP2, dashed line with open circles):
(a) European bee-eater, (b) red-backed shrike, (c) spotted fly-
catcher, (d) steppe buzzard, (e) willow warbler. The circles
show the observed proportions per 5-day interval, and the lines
are the best-fitting curves produced by the model with the low-
est AIC values (Table 3). The area of the symbols is proportional
to the number of checklists, with the circles depicted in the leg-
end representing 105 lists (same scale in all six panels).

the migrants leave again. As most species showed a long pla-
teau of high reporting rates around [Psyl;, which is estimated
by the parameter Asymy, the exact choice of [Psyls had no
effect on our results.

Extending the model, we then examined differences
between the two atlas periods on phenology by making the
parameters (e.g. the xmid, ) functions of a covariate (x;, defin-
ing x = —1 for SABAP1 and x =1 for SABAP2), where the
coefficient ff, estimates the mean across the two periods and

T T T T T
—— SABAP 1 (a) Common sandpiper
0.4 ""° SABAP2 H0.4

02
0.0
——e SABAP 1 (b) Ruff
04 L---—~ SABAP2 0.4
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g) 0.0
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0.4 ""© SABAPZ e H0.4
o, ® oo °
02} o - e o2
Cosistioptee e
0.0 ' ! 0.0

“July Sept Nov Jan March May July
Pentade

Fig. 2 The proportion of checklists recording each Palearctic
waterbird in the South African Highveld region throughout the
year during 1987-1991 (SABAP1, solid line with filled circles)
and 2007-2012 (SABAP2, dashed line with open circles): (a)
common sandpiper, (b) ruff, (c) white-winged tern, (d) wood
sandpiper. See legend of Fig. 1 for more details.

1 estimates half the difference between SABAP1 and
SABAP2:

xmid,, = fy + i (2)

We considered eight variants of the basic model. Model 1
allowed all five parameters of equation (1) to differ between
the two atlas periods (Table 2). Model 8 assumed all parame-
ters to be equal between periods, that is f; is set to zero for all
parameters. The other models represent a selection of possible
combinations of variable arrival (described by the two param-
eters xmid,, and scal, ), departure (described by xmid,; and
scaly,), and asymptote (Asym,) across periods (Table 2). As we
examine changes in the mean arrival and departure dates, our
model does not confound phenological change with changes
in abundance, in contrast to methods based on first and last
detection data (Tryjanowski & Sparks, 2001).

© 2015 John Wiley & Sons Ltd, Global Change Biology, doi: 10.1111/gcb.12857
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Fig. 3 The proportion of checklists recording each intra-African
migratory bird in the South African Highveld region through-
out the year during 1987-1991 and 2007-2012: (a) diederik
cuckoo, (b) little swift, (c) greater striped swallow, (d) paradise
flycatcher, (e) South African cliff swallow, (f) white-rumped
swift, (g) whitethroated swallow. See legend of Fig. 1 for more
details.

We then used Akaike’s Information Criterion (AIC) to rank
these models based on the difference in AIC between each
model and the best model in the set [AAIC, (Burnham &
Anderson, 2002)]. We also calculated Akaike weights (w),
which estimate the relative support each model obtains from
the data compared to the other candidate models (listed in
Table 2). We used the model selection results in two ways.

Table 2 Double-sigmoid curves fitted to Southern African
Bird Atlas data to examine changes in migration phenology
between the two project phases (1987-1991 and 2007-2012).
The models contained five structural parameters (equation 1
in the text), the asymptote (Asym,), mid-point and scale of
arrival (xmid, and scal, ), and mid-point and scale of depar-
ture (xmid,, and scal; ), which we allowed to vary between
the two phases of the project (‘x’) or constrained to be the
same (‘—’)

Asymptote  Arrival Departure

Asymg xmid,, scal,, xmidy, scaly,
Model 1 X X X X X
Model 2 X X X — —
Model 3 X — — X X
Model 4 X - - - -
Model 5 - X X X X
Model 6 — X x - —
Model 7 — - — x «
Model 8  — — — — —

First, the ranking gave us an indication of which model (and
corresponding hypothesis) was best supported by the data.
Where the best model (with the highest AIC weight) was one
of the six models allowing arrival and/or departure to vary
(models 1, 2, 3, 5, 6, and 7, Table 2), we concluded that there
was evidence for a change in phenology between the two atlas
periods for the species in question. Second, we used the
Akaike weights to calculate model-averaged estimates across
all eight models and their unconditional confidence intervals
(Burnham & Anderson, 2002) for all structural parameters and
the changes between the two atlas periods.

Our main interest was in changes in phenology. We there-
fore further examined whether the change in the estimated
mid-points of arrival and departure between the two atlas
phases differed between the three groups of birds, Palearctic
terrestrial migrants, Palearctic migratory waterbirds, and
intra-African migrants. We analysed changes in arrival and
departure separately in two Bayesian meta-analyses similar to
that of McCarthy & Masters (2005) and Chambers et al. (2013).
The basic structure of the model was similar to a regular linear
model with change in mid-point of arrival and departure as
response variables, group as a factor and normally distributed
residuals. However, instead of treating the estimated phenol-
ogy changes as observed without error, we modelled them as
originating from a normal distribution using the model-aver-
aged means and unconditional standard errors from the
model selection analysis. We used noninformative priors (N(0,
107) for the mean and differences among groups, and U(0,100)
for the standard deviation of the residuals), and ran three
Markov Chain Monte Carlo chains of 150 000 iterations, dis-
carding the first 50 000 as burn-in. The Gelman-Rubin diag-
nostic indicated that these models converged quickly and all
R-hat values were below 1.01. These analyses were carried out
in program JAGS (Plummer, 2003) called from program R
using the package ‘rjags’ (Plummer, 2014). The code is pro-
vided in the supplementary material (Appendix S1).

© 2015 John Wiley & Sons Ltd, Global Change Biology, doi: 10.1111/gcb.12857
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Table 3 Model selection analysis of migration phenology in South Africa for five Palearctic terrestrial migrants: European bee-
eater, red-backed shrike, spotted flycatcher, steppe buzzard, and willow warbler

European Red-backed Spotted Steppe Willow
bee-eater shrike flycatcher buzzard warbler
Model K AAIC w AAIC w AAIC w AAIC w AAIC w

1 Asym. arrival. departure 11 4.72 0.04 0 0.44 2.33 0.19 4.72 0.03 6.59 0.01
2 Asym. arrival 9 1.81 0.19 2.78 0.11 6.72 0.02 0.25 0.30 3.92 0.06
3 Asym. departure 9 3.16 0.10 0.50 0.35 3.40 0.11 5.51 0.02 5.04 0.03
4 Asym 7 0 047 2.99 0.10 9.27 0.01 1.29 0.18 1.98 0.15
5 Arrival. departure 10 3.94 0.07 29.33 0 0 0.61 7.11 0.01 3.97 0.05
6 Arrival 8 3.26 0.09 35.58 0 443 0.07 2.93 0.08 1.54 0.18
7 Departure 8 6.85 0.02 32.69 0 14.80 0 4.18 0.04 2.44 0.12
8 None 6 6.12 0.02 38.84 0 18.88 0 0 0.34 0 0.40

The model column indicates which part(s) of the model was (were) allowed to vary between the two atlases (1987-1991 versus 2007
—2012). ‘Asym’ refers to the asymptote (i.e. the maximum reporting rate). The term ‘arrival’ is the timing of arrival in the southern
hemisphere spring, whereas ‘departure’ refers to the timing of departure in autumn. Arrival and departure are determined by two
parameters each, the location of the mid-point and scale of the respective part of the sigmoid curve. K is the total number of parame-
ters estimated for each model (including one parameter for the residual variance). We evaluated the models using Akaike’s infor-
mation criterion (AIC). AAIC gives the difference in AIC between the current model and the best (in italics); and w is Akaike
weight, showing the relative support each model has compared with the others.

Table 4 Model selection analysis of migration phenology in South Africa for four Palearctic migratory waterbirds: common sand-
piper, ruff, white-winged tern, wood sandpiper

Common White-winged Wood
sandpiper Ruff tern sandpiper
Model K AAIC w AAIC w AAIC w AAIC w
1 Asym. arrival. departure 11 0 0.97 6.80 0.01 0 0.80 4.20 0.06
2 Asym. arrival 9 7.43 0.02 3.45 0.06 5.94 0.04 3.02 0.11
3 Asym. departure 9 12.01 0 3.76 0.06 3.31 0.15 0.67 0.35
4 Asym 7 15.02 0 0.53 0.28 10.10 0.01 0 0.49
5 Arrival. departure 10 85.49 0 5.66 0.02 97.19 0 53.20 0
6 Arrival 8 221.46 0 3.90 0.05 50.79 0 45.83 0
7 Departure 8 265.07 0 1.77 0.15 47.46 0 47.02 0
8 None 6 308.82 0 0 0.36 52.11 0 47.25 0

See footnote of Table 3 for more details.

departure |, meaning that they arrived gradually and
departed more rapidly (Tables A1 and A2 in Appendix
S2). The seven intra-African migrants — diederik
cuckoo, little swift, greater striped swallow, paradise

Results

Asymmetric phenology patterns

All studied species showed an asymmetric phenology
pattern across the year with reporting rates for most
species reaching a distinct plateau (an horizontal
asymptote) in summer, when the species is most abun-
dant (Figs 1-3). For all Palearctic migrants except the
ruff-European bee-eater, red-backed shrike, spotted fly-
catcher, steppe buzzard, willow warbler, common
sandpiper, white-winged tern, and wood sandpiper—
the absolute value of the scale parameter for arrival
was greater than the absolute value of the scale
parameter for departure, | scale of arrivall > |scale of

flycatcher, southern African swallow, white-rumped
swift, and white-throated swallow — and the ruff
showed an asymmetric phenology pattern across the
year opposite to the one shown by all other Palearctic
migrants, that is |scale of arrival | <|scale of departure |
(Table A3 in Appendix S2).

Changes in maximum reporting rate

For 12 of the 16 species, the best model suggested a
change in the maximum reporting rate between the

© 2015 John Wiley & Sons Ltd, Global Change Biology, doi: 10.1111/gcb.12857
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Table 5 Model selection analysis of migration phenology in South Africa for seven intra-African migratory birds: diederik cuckoo, little swift, greater striped swallow, paradise

flycatcher, South African cliff swallow, white-rumped swift, and whitethroated swallow

Greater

Whitethroated
swallow

White-rumped

swift

South African
cliff swallow

striped Paradise

Little
swift

Diderick
cuckoo

flycatcher

swallow

AAIC w AAIC w AAIC w AAIC w AAIC w AAIC w AAIC w

K

Model

0.02

7.12
3.27
3.69

0.01
0.14
0.06
0.78

0
0
0
0

8.39
3.38
5.13

0.01
0.10
0.10
0.76
0.02

0
0
0

8.18
3.96
4.00

0.08
0.32
0.11
0.44
0.02
0.01
0.01
0.01

3.33
0.59
2.82

0.04
0.13
0.20
0.64

0
0
0
0

5.51
3.25
2.34

0.06
0.26
0.05
0.49
0.14
0
0
0

4.34
1.32
4.46

0.14
0.07
0.30
0.18
0.26

1.46
0

3.04

11

Asym. arrival. departure

Asym. arrival

<+
—
=}

—
-
o

Asym. departure

Asym

0.72

0
0
0
0

0.97
0.28

30.96

13.11

12.37
91.30
59.09
139.63

7.27
28.35
43.45

5.94
7.06
7.34
8.41

20.33
186.18

2.51
33.68
23.28
54.28

10

Arrival. departure

Arrival

44.34

8

6
7
8

69.11

103.81

0.05
0

3.59
33.90

Departure
None

101.41

65.15

262.56

6

See footnote of Table 3 for more details.

two periods (Tables 3-5). For seven of them — the
European bee-eater and six of the seven intra-African
migrants (the exception was the paradise flycatcher) —
the maximum reporting rates were higher in 2007-
2012 than in 1987-1991. The greater striped swallow
showed the greatest change; its maximum reporting
rate increased by 0.27 between the two atlas periods,
nearly doubling it (Table A3 in Appendix S2). The
maximum reporting rates decreased in the other five
species, three of the Palearctic migratory waterbirds
(white-winged tern, common sandpiper, and wood
sandpiper), plus red-backed shrike, and paradise fly-
catcher.

Changes in temporal migration patterns

For five of the 16 species (red-backed shrike, spotted
flycatcher, common sandpiper, white-winged tern,
and diederik cuckoo), the best model suggested a
change in phenology between the two periods
(Tables 3-5). In four further species (steppe buzzard,
wood sandpiper, little swift, and paradise flycatcher),
a model allowing for phenological changes ranked a
close second best.

Next, we examined the changes in mean arrival
and departure times, measured by the difference in
the inflection point parameters (xmid) of the model
(equation 1). Changes in arrival and departure times
tended to be negatively correlated across species, that
is species that delayed their arrival tended to advance
their departure and vice versa (Fig. 4). The results are
given in pentades as well as in days per year (d per
yr); with 20.5 years separating the two central dates
of the two atlas periods. The results for the five spe-
cies for which the best model suggested phenological
shifts are given in Table 6. The meta-analysis of the
species—specific changes in arrival showed that the
Palearctic terrestrial migrants on average advanced
their arrival by —0.19 (95% credible interval —1.02 to
0.57) pentades (—0.05d yr '), Palearctic migratory
waterbirds delayed their arrival 0.36 (—0.44 to 1.36)
pentades (0.09 d yr '), and the difference in mean
arrival of intra-African migrants between the two
periods was 0.01 (~0.47 to 0.50) pentades (0.00 d yr%).
For all groups, the 95% credible interval included zero
and there was therefore no clear evidence for a
change in mean arrival date.

The meta-analysis of the species—specific change in
departure showed that Palearctic migrants on aver-
age advanced their departure from South Africa by
—0.68 (~1.30 to —0.04) pentades (—0.17 d yr '). This
was mainly because the Palearctic migratory water-
birds advanced their departure by -1.25 (-2.44
to —0.02) pentades (—0.30d yr~'). For Palearctic

© 2015 John Wiley & Sons Ltd, Global Change Biology, doi: 10.1111/gcb.12857
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Fig. 4 Changes in arrival and departure of migratory birds in
South Africa. ‘PTM’ stands for Palearctic terrestrial migrants,
‘PMW’ for Palearctic migratory waterbirds, and ‘IAM’ for intra-
African migrants. Positive values mean a delay from the first
period (1987-1991) to the second (2007-2012), a negative value
means advance over this time period. The plotted values are
model-averaged changes in the mid-point of a logistic curve
describing arrival and departure (equation 1 in the main text),
and unconditional confidence intervals. The grey dashed line is
the line where changes in arrival equal changes in departure.
Species to the left of this line shortened their stay in South
Africa. The horizontal and vertical grey dotted lines indicate
lines of no change.

terrestrial migrants, the 95% credible interval
included =zero (-0.11, 95% CI -047 to 0.19,
—0.03 d yr ). Intra-African migrants delayed depar-
ture by 0.12 (—0.28 to 0.57) pentades (0.03 d yr )
but the 95% CI included zero.

Discussion

Examining shifts in migration phenology in a suite of
species in the central Highveld of South Africa, we
found that nearly a third of the species we considered
have changed either their arrival date, departure date
or both. The intra-African migrants we examined
showed no clear patterns of change in their migration
phenology. The clearest pattern emerged among Pale-
arctic migrants that advanced departure from the study
area between the periods 2007-2012 and 1987-1991.
This advance was mainly driven by migratory water-
birds. Seasonal shifts in April temperature have been
fastest in the high arctic (Burrows et al., 2011) where
most of the waterbirds in our sample breed. Red-
backed shrikes and spotted flycatchers with a relatively
northern breeding range were the two Palearctic terres-
trial migrants that advanced their departure the most.
These results are consistent with the hypothesis that cli-
mate change in the northern hemisphere breeding
ranges is driving shifts in migration phenology of long-
distance migrants and inconsistent with the hypothesis
that migrants mainly time their departure in response
to local conditions in South Africa. Under the latter
hypothesis, we would expect all groups of migrants to
show similar patterns. However, between-year varia-
tion might not be detected by our method and could
still be explained by local conditions in South Africa. It
is also possible for different species to be affected dif-
ferently by the local conditions in South Africa, which
would also lead to inconsistent patterns across species.
The seasonal shifts in April temperature in South Africa
have been relatively modest (Burrows et al., 2011).
However, seasonality in both April and October tem-
perature has changed rapidly in the tropical regions of
Africa. The fact that we did not see strong shifts in
migration phenology of intra-African migrants could

Table 6 Difference in time of arrival and departure in the South African Highveld region, expressed in days, between 1987-1991
and 2007-2012 for the three different groups of species, and for the five species for which the best model suggested a changed phe-

nology
Arrival Departure

Species Earlier Later Earlier Later
(a) Red-backed shrike 2.15 (2.36) [0.10] 2.90 (1.76) [0.14]

Spotted flycatcher 12.25 (5.56) [0.59] 3.50 (2.15) [0.17]
(b) Common sandpiper 18.30 (7.47) [0.89] 11.25 (7.28) [0.55]

White-winged tern 12.10 (11.21) [0.59] 18.50 (7.49) [0.90]
(c) Diederik cuckoo 7.75 (5.41) [0.38]

Earlier and Later refer to the situation in 20072012 when compared with 1987-1991. The standard error is given in brackets. The
shift in number of days per year is given in square brackets (it is a 20.5 year period between the two central dates of the two atlas
periods). Results for the three different groups of birds are presented: (a) Palearctic terrestrial migrants, (b) Palearctic waterbirds,

(c) intra-African migrants.

© 2015 John Wiley & Sons Ltd, Global Change Biology, doi: 10.1111/gcb.12857
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mean that their phenology is more driven by seasonali-
ty in their South African breeding range than by
changes in their tropical African nonbreeding range.
Advanced departure could be a mechanism by which
birds achieve an earlier return to the breeding grounds,
which many species have been observed to do (Parme-
san & Yohe, 2003; Root ef al., 2003; Knudsen et al.,
2011), including some of the species studied in this sur-
vey such as the spotted flycatcher and the red-backed
shrike (Jonzen et al., 2006). However, long-distance
migrants also adjust their migration to environmental
conditions along their migration route and the connec-
tion between timing of departure in South Africa and
arrival at the northern hemisphere breeding site may
not be straightforward. For example, Tottrup et al.
(2008) found that several long-distance migrants
delayed prebreeding migration through the eastern fly-
way because of improved environmental conditions en
route. However, except for willow warblers, the species
they studied rarely migrate as far south as South Africa
and the willow warbler was one of the species for
which we did not detect a change in phenology. Studies
in the northern hemisphere showed an advance of
spring arrival dates for the willow warbler in Israel
(Tottrup et al, 2008), Italy (Jonzen et al., 2006),
Germany and Denmark (Thorup ef al., 2007). This lack
of correspondence between the shift in spring depar-
ture dates and the shift in spring arrival dates for the
willow warbler could be due to accelerated migration
en route, or the sampling of different populations
showing different migrating patterns. Jenni & Kéry
(2003) showed that long-distance migrants coming from
the western half of Europe and heading for the Mediter-
ranean basin and the Sahel in western Africa tend to
leave Europe earlier after the breeding season. How-
ever, except for the spotted flycatcher, all Palearctic
migrants we examined either delayed or did not change
their arrival in South Africa, suggesting that they either
spend more time migrating south or that long-distant
migrants coming from eastern Europe and western Asia
do not tend to leave earlier after the breeding season.
Our analysis revealed interesting asymmetric phenol-
ogy patterns across the suite of species we examined.
Most Palearctic species arrived gradually in their South
African nonbreeding grounds and left South Africa
more rapidly to reach their breeding grounds in the
northern hemisphere. This could be caused by variation
among individuals in the timing of departure after the
breeding season (which could be explained by age-spe-
cific differences in migration phenology) or variation in
the speed of migration, whereas there appeared to be
less variation among individuals in their timing to
leave the nonbreeding grounds. Intra-African migrants
tended to show the opposite phenology pattern with

rapid arrival and more gradual departure. As these
species all breed in South Africa, the patterns are con-
sistent with those found for Palearctic migrant and sug-
gest more inter-individual variability in the timing of
the postbreeding migration than in the timing of the
prebreeding migration.

The analysis also showed substantial changes in max-
imum reporting rate between the two atlases for most
of the studied species. Most Palearctic migratory water-
birds showed a substantial decrease in maximum
reporting rate between the two atlases, whereas most of
the intra-African migrants showed a substantial
increase. Changes in maximum reporting rates for Pale-
arctic terrestrial migrants were less consistent among
species. Reporting rates can be interpreted as a measure
of abundance (Robertson et al., 1995; Huntley et al.,
2012), and the declining reporting rates for waterbirds
is consistent with the reported decline of waterbird
populations globally (Wetlands International, 2014).
However, there is a comprehensive discussion of the
caveats to the interpretation of reporting rate as a proxy
for abundance in Harrison & Underhill (1997). We also
caution against interpreting the observed changes in
maximum reporting rates between the two atlases as
changes in abundance because the spatial resolution at
which data were collected changed between the two
atlas projects. For SAPABI, the cells in which the bird
inventories were conducted were 15’ x15’, whereas they
were reduced to 5 x5 for SABAP2. This might have
altered the overall reporting rate of certain species due
to dilution of the data, especially habitat specialists like
waterbirds. Loftie-Eaton (2014) discussed the problems
with the interpretation of reporting rates between the
two atlas projects introduced by the change of size of
grid cells.

Our method for studying migration phenology relies
on data collected throughout the year and is therefore
less sensitive to trends in observation effort than, for
example, recording first or last observations of the sea-
son. In fact, first and last observations would not have
been informative in our case because Palearctic
migrants can skip a breeding season and remain in
South Africa throughout the year (Harrison et al.,
1997a,b). Similarly, first and last observations would
not be informative where individuals can spend the
winter at their breeding grounds. Our method, on the
other hand, can be used to examine phenology in such
situations, extending ideas of using atlas data to study
bird movement (Underhill et al., 1992; Griffioen &
Clarke, 2002). All species we examined left our study
area almost completely but the model could easily be
adjusted to situations where a considerable proportion
of birds are resident. In that case, an additive term
could be added to equation 1 to estimate the baseline
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reporting rate during the season when the species is
least common. However, one drawback of using bird
atlas data (and first/last observation data, for example)
to study migration phenology is that they do not pro-
vide any information on the composition of the
observed population. In our case, in particular, we can-
not distinguish whether the observed phenology shifts
were due to an overall shift in the entire population or
whether the proportion of birds from different origins
changed over time. For example, among the Palearctic
migrants, populations breeding at different latitudes
differ in their phenology (Both, 2010), and the observed
phenology changes could in part be due to an increas-
ing proportion of birds from populations that migrate
earlier.

Our analysis of migration phenology of three groups
of migratory birds in the South African Highveld
showed clear patterns. The majority of the Palearctic
migrants that changed their phenology shortened their
stay at their South African nonbreeding grounds
whereas intra-African migrants either showed no
change or the changes were inconsistent among species.
These patterns suggest that changes in the northern
hemisphere conditions are a main driver for migration
phenology in the South African bird community. Local
conditions in South Africa or the tropical nonbreeding
locations of the intra-African migrants did not appear
to leave consistent traces in our data. Our results con-
trast with a recent comprehensive review of phenologi-
cal changes across the southern hemisphere that found
changes to be of similar magnitude to those observed in
the northern hemisphere (Chambers et al., 2013). How-
ever, Chambers et al. (2013) highlight the lack of studies
from tropical regions and Africa, a critical gap that our
study is beginning to fill.
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