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Latitudinal gradients in seed predation 
persist in urbanized environments

Urbanization is creating a new global biome, in which cities and suburbs 
around the world often resemble each other more than the local natural 
areas they replaced. But while urbanization can profoundly affect ecology at 
local scales, we know little about whether it disrupts large-scale ecological 
patterns. Here we test whether urbanization disrupts a macroecological 
pattern central to ecological and evolutionary theory: the increase in 
seed predation intensity from high to low latitudes. Across 14,000 km of 
latitude spanning the Americas, we compared predation intensity on two 
species of standardized experimental seeds in urbanized and natural areas. 
In natural areas, predation on both seed species increased fivefold from 
high latitudes to the tropics, one of the strongest latitudinal gradients in 
species interactions documented so far. Surprisingly, latitudinal gradients 
in predation were equally strong in urbanized areas despite significant 
habitat modification. Nevertheless, urbanization did affect seed predation. 
Compared with natural areas, urbanization reduced overall predation and 
vertebrate predation, did not affect predation by invertebrates in general, 
and increased predation by ants. Our results show that macroecological 
patterns in predation intensity can persist in urbanized environments, even 
as urbanization alters the relative importance of predators and potentially 
the evolutionary trajectory of urban populations.

Biologists have long speculated that interactions among species 
become stronger towards the tropics1,2. This latitudinal gradient in 
increasing interaction intensity, paralleling gradients in temperature, 
primary productivity and biodiversity, is thought to have played a major 
role in shaping global patterns in ecology and evolution3–5. For example, 
increasing risk of being eaten from high to low latitudes is invoked to 
explain long-distance migration6, species’ equatorward range edges7, 
the astounding diversity of tropical forests8,9 and faster speciation in 
the tropics10. Large-scale experiments have now demonstrated many 
dramatic latitudinal gradients in the intensity of predation, both within 
and across terrestrial and coastal biomes and at multiple trophic lev-
els6,11–13 (reviewed in ref. 2). However, it remains unclear how robust such 
macroecological patterns are to accelerating anthropogenic change.

One of the most intense and rapidly expanding forms of land use 
change is urbanization14,15. Urbanization’s ecological effects can be seen 
even at its earliest stages, as natural vegetation in rural areas is cleared 
to make way for human homes16. As urbanization intensifies, many 

species decline in abundance or disappear altogether17,18, although a 
few experience population booms19,20. This biotic reshuffling can alter 
the nature and intensity of local trophic interactions21–23, impacting 
ecosystem services, ecological functioning, and evolution in cities and 
their suburbs24–26. But urbanization is more than a patchwork of local 
effects; it has created a novel biome in which urbanized areas often 
resemble other, distant urbanized areas more than adjacent natural 
areas27,28. While local effects of urbanization are well studied, we know 
little about whether macroecological patterns are maintained in this 
new global biome29,30.

Here we test whether the homogenizing effect of urbanization 
flattens latitudinal gradients in predation intensity. We consider 
post-dispersal seed predation, a globally important interaction that 
doubles in intensity from the Arctic to the equator, at least in the Ameri-
cas13,31. Seed predation kills the first independent life stage of plants 
(as opposed to herbivory, which plants generally survive), and thus 
strongly affects plant demography, community assembly, geographic 
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in high-predation environments to mask the underlying latitudinal 
patterns of interest46,47. To meet these challenges, we measured preda-
tion on agricultural seeds that have been bred for human consump-
tion and therefore possess minimal chemical or physical defenses. 
As the effects of urbanization vary dramatically among animal taxa48, 
we distinguished among three types of predation: total predation, 
measured using sunflower seeds without shells, which are eaten by 
diverse invertebrates and vertebrates; invertebrate predation, meas-
ured by caging some sunflower seeds to exclude vertebrate preda-
tors; and vertebrate predation using oats with their thin hulls intact, 
which are eaten almost exclusively by small mammals and birds  
(see Methods).

We measured seed predation at 81 sites from the Arctic tundra 
to southern South America (Fig. 1). We set seeds out in small piles 
(‘depots’) on the ground in areas with vegetated ground cover, be it 
lawns, garden beds, or untended areas with natural litter. After 24 h, 
we quantified predation and noted any indicators of predator identity 
(for example, invertebrates still eating seeds, rodent faeces). We ran 
the experiment 1 to 11 times per site, pairing experiments at urban-
ized and nearby natural sites within a few days of each other when  
possible.

Results and Discussion
We found strong latitudinal gradients in seed predation but little evi-
dence that these gradients are flattened by urbanization. Across 337 
runs of the experiment at 81 study sites, seed predation increased more 
than fivefold from polar latitudes to the equator (Fig. 2). Latitudinal 
gradients in predation did not differ between urbanized and natural 
areas (latitude × urbanization: x 2

d.f.=1 = 0.11, P = 0.74; Fig. 2), and this 
was true for total seed predation, predation by invertebrates only and 
predation by vertebrates (latitude × urbanization × predation type: 
x 2
d.f.=2 = 1.15, P = 0.56). Results were consistent if we restricted the data 

to 303 runs where urbanized sites were tested with a concurrent paired 
natural site and whether we modelled predation types together or 
separately (Extended Data Tables 2 and 3 and Extended Data Fig. 1). 
Urbanized sites in our study had significantly less area with untended 
vegetation, lower local greenness and smaller connected green areas 
than natural sites (Fig. 1c and Extended Data Table 1). Thus, our results 
show that despite significant habitat modification, macroecological 
patterns can be maintained in urbanized areas.

distributions and evolution9,32–34. While most theory proposing latitudi-
nal gradients in predation does not specify a trophic level4,10, stronger 
seed predation towards the tropics is proposed to both ecologically 
maintain and evolutionarily accelerate the spectacular diversity 
of tropical plants and their enemies8,9,35. Further, urbanization can 
strongly affect seed fates, leading to rapid evolution36. As the urban 
biome is set to double in size by 210037, its effects on the macroeco-
logical patterns that shape biodiversity, such as latitudinal gradients 
in predation, are increasingly important to the future distribution and 
evolution of life.

One might expect urbanization to flatten latitudinal gradients 
by reducing latitudinal differences among habitats. Grassy lawns in 
Brazil and Canada resemble each other far more than the tropical and 
boreal forests they replaced (‘biotic homogenization’; see Methods). 
Indeed, both abiotic conditions16 and species assemblages38,39 are more 
similar among urban areas than rural ones. Urbanization can flatten 
latitudinal gradients in species diversity30,40,41, which are proposed to 
both drive and reflect latitudinal gradients in species interactions3. 
However, the few empirical studies to test among potential mecha-
nisms for latitudinal predation gradients find that predation rates are 
only loosely related to predator diversity13,31,42,43. Indeed, predation 
rates should more directly reflect predator abundance or per capita 
foraging intensity, which do not necessarily change in synchrony with 
diversity2. If the overall abundance or foraging intensity of predators 
is maintained in urbanized environments24,44,45, urbanization may not 
affect predation rates even if it reduces biodiversity. Or, if urbanization 
reduces predator abundance similarly across latitudes, urbanized 
sites may have lower predation but still maintain latitudinal gradients 
in predation intensity.

Using consistent experimental methods and >56,000 seeds, we 
compared latitudinal gradients in predation between urbanized sites 
(urban and suburban backyards) versus nearby natural areas across 
112° of latitude (Fig. 1). This work is an extension of the Biotic Interac-
tion Gradients (BIG) experiments, which found steep latitudinal clines 
in seed predation when measured in large wilderness areas13,31; here  
we test whether these gradients are maintained in smaller natural areas 
and in urbanized areas.

Two key challenges in comparing predation rates across large 
spatial gradients are the lack of shared prey species among dispa-
rate communities and the potential for anti-predator adaptations 
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Fig. 1 | Site locations and characteristics. a,b, Locations of experimental sites 
in natural areas (a; n = 36 sites) and in urbanized areas (b; n = 45). c, Compared 
with natural sites, urbanized sites had less ground surface with untended, natural 
vegetation and litter (left); less green area within a 500 m radius (middle; green 
areas defined as those not covered with buildings, paving or stonework); and 
smaller connected green areas (right; note the log scale on y axis). Horizontal 
lines, boxes and points show the mean, 95% CI and partial residuals extracted 

from models with fixed effects ‘urbanization + absolute latitude’, 1 measurement 
per site. * denotes significant differences between natural and urbanized areas. 
None of the three response variables varied with latitude (statistical results in 
Extended Data Table 1), so all are plotted for the median absolute latitude (45°).  
CI and residuals in left plot are too narrowly distributed around the mean  
to be visible.
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While latitudinal gradients in predation were maintained in urban-
ized areas, predation intensity was not. Urbanization reduced overall 
predation on seeds (Fig. 2a), although this effect was not uniform across 
predators (urbanization × predation type: x 2

d.f.=2 = 18.1, P = 0.0001). 
Urbanization had little effect on predation by invertebrates (Fig. 2b) but 
significantly reduced predation by vertebrates (Fig. 2c). Changes in the 
intensity and agents of predation can alter the selective regime experi-
enced by prey and thus the evolutionary trajectory of urban populations49, 
as different predator guilds impose differing selection on traits of prey, 
in this case, seeds50. Large-scale effects of urbanization on predator-driven 
selection have been inferred from differences in the relative abundance 
of consumers51 and prevalence of anti-predator/herbivore defenses16,52 
in urban versus natural areas. Our results provide large-scale evidence 
for a mechanistic link: urbanization changes the relative intensity of 
seed predation by different predator groups across latitudes.

Altered predation intensity in urbanized areas was not surprising, 
but the nature of effects was unexpected. One might predict urbaniza-
tion to reduce predation by invertebrates, contrary to our results, since 
urbanization can strongly reduce invertebrate diversity and abun-
dance18,20,53. In particular, ants were our most commonly detected seed 
predators (Extended Data Table 4) and urbanization reduces ant diver-
sity, especially in the tropics30,54. However, across latitudes we observed 
ant predation more often in urbanized than in natural areas (Fig. 3). So, 
either granivorous ants are not suffering the same urbanization-driven 
declines in diversity as ants in general30, or their abundance and activity 
are decoupled from diversity. Indeed, our results suggest that any lost 
diversity of seed-eating invertebrates in urbanized areas is being made 
up for by increased abundance or activity of remaining species55. This 
result begs the more general question of how well diversity predicts 
the intensity of species interactions. Latitudinal gradients in diversity 
inspired the original hypotheses for latitudinal gradients in interaction 
intensity4, but testing this link has been challenging as diversity covaries 
with other potential drivers of interaction intensity (for example, tem-
perature, productivity12,13,31). By disrupting correlations between local 
diversity, latitude and climate40, urbanization offers a tantalizing oppor-
tunity to disentangle the potential drivers of geographic patterns in  
predation intensity.
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Fig. 2 | Latitudinal gradients in seed predation in natural and urbanized 
areas. Seed predation declined significantly towards higher latitudes for all 
predation types. Latitudinal patterns did not vary with urbanization for any 
predator group, that is, green (higher) and purple (lower) lines do not differ 
significantly in slope for any panel (the apparently differing slopes in c are 
visually exaggerated due to back transformation from the logit scale). Bars 
show mean predation intensity (±95% CI) across latitudes (same y axis as trend 
lines); total and vertebrate predation were significantly lower (*) in urbanized 

(right, purple bars) versus natural areas (left, green bars). Trends, means, 95% 
CI and partial residuals were extracted from one binomial generalized linear 
mixed model (GLMM) per predation type to show the independent effects of 
urbanization on each predator group (results from overall model shown in 
Extended Data Fig. 1). All results are shown for the median elevation (450 masl). 
Sample sizes: 156 experimental runs at 36 natural sites and 181 runs at 45 
urbanized sites, with 2,912, 2,394 and 2,718 seed depots measuring total (a), 
invertebrate (b) and vertebrate (c) predation, respectively.
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Fig. 3 | Effect of urbanization on observed seed predators. Of the 5,829 seed 
depots in which seeds were eaten, we were able to identify the seed predators 
for 1,469 depots. For the three most commonly identified seed predator types 
(ants, small mammals, molluscs), we tested whether their predation was 
detected at a higher frequency (that is, at more seed depots) in urbanized vs 
natural sites. Ant predation was more common in urbanized sites (pink; 
urbanization x 2

d.f.=2 = 12.8, P = 0.0003; n = 2,394 caged depots in total), 
whereas small-mammal predation was more frequently detected in natural 
sites (light orange: x 2

d.f.=2 = 15.3, P < 0.0001; n = 2,718 oat depots). Predation by 
molluscs (snails and slugs) was equally common in urbanized and natural sites 
(dark purple; x 2

d.f.=2 = 2.7, P = 0.10; n = 8,024 depots). Points show the mean 
proportion of depots at which the predator was detected (actual predation 
rates of all three predators are probably higher), plotted for the median 
latitude and elevation, ±95% CI. Full statistical details in Extended Data Table 4. 
Photos from top: leaf cutter ant consuming sunflower seed (Brazil, 21° S; L.P.); 
eastern grey squirrel eating oats (Canada, 44° N; A.L.H.); slug eating sunflower 
seed (Mexico, 21° N; C.I.G.-J.).
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Extended Data Table 5 | Relative fit and explanatory power of different measures of greenness

All models are binomial GLMMs, 1 per predation type. Full model fixed effects are absolute Latitude × Greenness measure. As described in Extended Data Table 1, the ‘connected green area 
(m2)’ predictor includes two outlier sites with extremely large areas of connected greenness (140 million and 270 million m2) which we constrained to 50 and 60 million m2 respectively, 
enabling models to converge. Results are consistent if outliers are both constrained to 50 million m2, both to the third highest value (38 million m2), or dropped entirely, except in the case 
with ‘*’. Models include random intercepts for run (date within site), site, and observation, except the invertebrate model for % greenspace, in which the random intercept for run is replaced 
with a simpler random intercept for date (not nested within site) to improve convergence. Significance of terms is determined using likelihood ratio tests (comparing models with fixed 
effects ‘Greenness × Lat’ to ‘Greenness + Lat’, or ‘Greenness + Lat’ to ‘Lat’). ∆ values compare the reduced greenness model (that is non-significant Greenness x Lat interaction removed) to the 
equivalent model (same random effects structure) with categorical Urbanization + Lat as fixed effects (results are the same if we compare full models). ∆s calculated such that negative values 
mean the greenness models perform worse (that is have higher AIC or lower R2 GLMM): ∆AIC = AICcat.urban – AICgreenness, and ∆R2

GLMM = R2
greenness – R2

cat.urban. R2
GLMM is the marginal (pseudo) R2 for 

GLMMs, which shows the relative explanatory power of model fixed effects 1. Binomial variance is calculated as the observation-level variance (delta method in the MuMIn package 2).
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Extended Data Table 6 | Effect of ground vegetation type on seed predation in urbanized sites

Vegetation type is the ground vegetation where each depot was placed; lawn (grass and other herbaceous cover, regularly mowed), garden (planted beds, usually with ground cover of bare 
soil or mulch), or natural (natural, untended vegetation and litter, whether or not plants are native). Results are from binomial GLMMs. The full model has the fixed effects absolute Latitude 
(Lat), Predation type (Pred: total, invertebrate, vertebrate), Vegetation type, and Elevation.
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