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In recent centuries, a combination of 
push and pull factors has caused increasing 
urbanisation across the globe (Godfrey & 
Julien, 2005). More people now live in cities 
than in rural areas, and a reduced connec-
tivity with nature is thought to contribute to 
poorer mental health (Mantler & Logan, 
2015; Ulrich et al., 1991), an increased com-
placence in response to climate change (Pit-
man et al., 2018), and has received attention 
within science, literature, and culture more 
broadly as an existential concern (Maune et 
al., 2026; Rangel et al., 2024). Contempora-
neous with human populations’ disconnect 
from the natural world is the rise of novel 
habits and hobbies that influence our be-
haviour, particularly increased interactions 
with social media and video games (Bave-
lier et al., 2011; Hruska & Maresova, 2020). 
Social media has become a tool for assimi-
lating knowledge and is a useful instrument 
for scientists and non-scientists alike to un-
derstand nature (Chowdhury et al., 2024; 
Stephenson et al., 2025). Similarly, media, 
such as television and games, has been 
shown to influence our understanding of 
the real world in a variety of ways, from 
contributions towards moral frameworks 

(Weaver & Lewis, 2012) to expanding our 
understanding of science and the natural 
world (Balmford et al., 2002; Barbas et al., 
2009).

For the last 30 years, people across the 
globe have engaged with the fictional world 
of Pokémon, where players capture and train 
a diverse array of mysterious creatures in-
habiting different environments. One major 
source of interaction has been via video 
games, where the player explores a map 
populated with different Pokémon of a va-
riety of categorical types. The player is en-
couraged to collect all the Pokémon in a 
given game, and to do so must survey a va-
riety of environments. Through this game 
mechanic, Pokémon shares inherent links to 
the study of zoology and palaeontology; 
scientists may survey a variety of environ-
ments to identify different animals, speci-
mens may be catalogued or added to mu-
seum collections, and specimens may be 
characterised and arranged into phyloge-
nies to understand their relatedness and/or 
evolutionary histories. In this sense, the role 
played by the player in Pokémon video 
games is similar to that of a pioneer natural-
ist.
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Since Pokémon games generate a natural 
world which the player explores, the player 
may learn about our natural world through 
the observation of patterns shared between 
the virtual and the real. Patterns such as the 
distribution and abundance of species (Mc-
Carthy et al., 2018; Murray et al., 1999), the 
value of habitat heterogeneity (Tews et al., 
2004), and patterns of diversity between ur-
ban and rural environments (Knapp et al., 
2008) could be intuited via Pokémon, par-
ticularly where encounters with natural en-
vironments are becoming increasingly lim-
ited, provided that these patterns are 
present in the games. These patterns are rel-
atively consistent in the scientific literature 
and are prevalent in undergraduate text-
books (Begon et al., 1996), so emulation of 
these patterns could help enhance the intu-
itive understanding of fundamental ecolog-
ical principles.

To investigate whether ecological pat-
terns in Pokémon games emulated those in 
the natural world, we used data from a pop-
ular Pokémon game, HeartGold/SoulSilver, to 
reconstruct its virtual ecology, and compare 
it with patterns reported in undergraduate 
textbooks and scientific literature. Specifi-
cally, we: (i) tested if rank-abundance distri-
butions were similar to those in the natural 
world; (ii) investigated diversity patterns in 
relation to habitat heterogeneity and size; 
(iii) investigated if community composition 
was underpinned by habitat type; and (iv) 
investigated if diversity was higher in rural 
than urban areas.

METHODS

Pokémon games each use a variety of me-
chanics to enable players to encounter 
Pokémon. Pokémon HeartGold/SoulSilver
(Generation IV; HG/SS) enables players to 
explore Kanto and Johto regions, with the 
possibility of encountering up to 493 differ-
ent Pokémon through four main methods: 
walking in long grass or caves, surfing over 
water, fishing in water, and headbutting 
trees.

For location type, we distinguished be-

tween forests, named routes (i.e., a route 
that was not simply “Route X”, but was 
specifically named), unnamed routes, arti-
ficial encounter locations (e.g., a building), 
settlements, caves, and surfing routes 
(routes that contained no long grass and 
were largely water tiles). Headbutting trees 
is unique to HG/SS (alongside Generation 
II games, Gold, Silver, and Crystal) and rep-
resents the capability to “sample” a unique 
habitat type. 

HG/SS are ideal games to sample be-
cause of this variety of Pokémon and habi-
tat types. We did not extend our analysis 
beyond HG/SS to retain consistent sam-
pling. Each location (e.g., a route or town) 
was considered an independent ecological 
setting. Since different Pokémon can be 
found in different “floors” of a cave (e.g., 
Cerulean Cave 1F vs Cerulean Cave B1F), 
each floor was also treated as an indepen-
dent location. We did not account for pseu-
doreplication or spatial autocorrelation in 
any of our analyses. Locations considered 
completely artificial, such as the Safari 
Zone, were removed. 

Abundance calculations

Ecological analyses often concentrate on 
abundance distributions within and be-
tween communities (Connell, 1978; Khan et 
al., 2024; Stephenson et al., 2024, 2026). In 
Pokémon games, abundance, A, can be esti-
mated as the probability of encountering 
each species (here, Pokémon) multiplied by 
the number of tiles in the area in which they 
can be found,

A = p(si) * ti

where p(s) is the probability of finding a 
Pokémon of a given species in location i, 
and t is the number of tiles. 

The number of tiles for each in-game lo-
cation was collected from each location us-
ing code written for this purpose (https://
github.com/Broll26/HGSS_Starter). Tile 
counts were allocated to a habitat type ac-
cording to encoded differences in tile iden-
tity, which were taken to represent alterna-
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tive habitats (e.g., long grass vs trees). In 
Pokémon games, a wide variety of tile types 
are encoded including doors, ice, lava, 
bridges, and blocked tiles. Only grass, tree, 
water, and free movement in caves/artifi-
cial encounter locations were included in 
the analyses, since these represent the ma-
jority of tiles and the viable locations to en-
counter Pokémon. 

The probability of each Pokémon species 
encounter, p(s), was extracted from the 
“rate” column in the “Pokémon” section for 
each habitat type in each location on the 
website Bulbapedia (https://bulbapedia.
bulbagarden.net/). Note the distinction be-
tween habitat type and location type: habi-
tat type refers to the type of habitat that 
might be found in a given tile (grass, water), 
whereas location type describes the ecosys-
tem represented by a location (i.e., a distinct 
collection of tiles), such as a route or a cave.

If p(s) differed across time of day, the 
probability was multiplied by the propor-
tion of in-game hours for each time of day 
(6/24 for morning, 8/24 for afternoon, 
10/24 for night). If p(s) was split across dif-
ferent sub-sampling methods (e.g., old rod, 
good rod, super rod), the probability was 
multiplied by 1/m where m is the total 
number of different methods. p(s) of version 
exclusive Pokémon (i.e., Pokémon only en-
counterable in HG or SS) was halved to en-
able inclusion of both. Rare encounter 
methods (legendary Pokémon, “swarms”) 
were ignored. Fishing and surfing were 
treated separately, assuming that these 
methods can encounter different Pokémon 
as they sample different aspects of aquatic 
habitat.

Rank abundance

In real ecosystems, it is widely accepted 
that species tend to produce rank-abun-
dance curves where a few species are com-
mon and most species are rare (Murray et 
al., 1999). To identify if this pattern was 
present in HG/SS, we plotted species rank-
abundance curves across all locations.

Community composition

We used non-metric multidimensional 
scaling (NMDS) with a Bray-Curtis dissimi-
larity matrix on species abundances within 
sites to visualise differences in community 
composition (Bray & Curtis, 1957).

Habitat heterogeneity

The role of habitat heterogeneity is asso-
ciated with variability in biodiversity in a 
variety of ecosystems (Tews et al., 2004). 
Simpson’s diversity index and Shannon di-
versity were calculated as estimates of bio-
diversity for each location. The role of habi-
tat heterogeneity was assessed in two ways: 
(i) the presence or absence of different habi-
tat types (e.g., water, trees) within a loca-
tion, and (ii) the number of different habitat 
types within a location. Using linear mod-
els, we investigated whether either of these 
measures of heterogeneity as well as habitat 
size (tile count), were associated with diver-
sity metrics across the most common loca-
tion types using linear models.

Urbanisation

Urbanisation generally reduces species 
biodiversity (Knapp et al., 2008). We tested 
whether settlements (towns and cities) in 
HG/SS had lower diversity (Simpson’s in-
dex and Shannon diversity) than other loca-
tion types using linear models. 

All statistical analyses were done in R 
(v.4.2.1; R Core Team, 2022).

RESULTS

357,289 tiles across 113 locations repre-
senting seven habitat types were sampled 
(see Appendix). The mean number of habi-
tat types per location was 2.63. From our es-
timation of abundance, Magikarp was the 
most abundant Pokémon in HG/SS 
(20,469.3), and Houndour (which was very 
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rare and only found in in Route 7) was the 
rarest (1.1). Hoothoot was the most com-
mon Pokémon in the highest number of lo-
cations (29), likely owing to its occupancy of 
both tree and long grass habitat types 
across multiple locations. Routes were the 
most common habitat type sampled (n = 
43).

Rank abundance

Based on the estimated abundance in 
HG/SS, the rank-abundance distribution of 
species was consistent with patterns ob-
served in the ecological literature (Fig. 1).

Community composition

Community composition varied be-
tween different habitat types, with caves 
distinct from routes (Fig. 2; stress = 0.162 in-
dicating fair fit to the data at k = 2). Routes 
and settlements overlapped, and caves and 
named routes overlapped. Forests did not 
produce a hull because there were too few 
points (n = 2). Diglett’s Cave was removed 
as an outlier from the NMDS to enable visu-
alisation of variance between locations be-
cause it only contained Diglett or Dugtrio.

Habitat heterogeneity

Across the most commonly sampled lo-
cation types, biodiversity (Simpson and 

Figure 1. Rank-abundance plot of Pokémon from HG/SS. The trend seen in natural ecosystems of a few very com-
mon species (in rank order: Magikarp, Hoothoot, Tentacool, Zubat, Geodude) and many rare species (rarest = 
Houndour) is also found in Pokémon. Official Pokémon illustrations were extracted from Bulbapedia, and are re-
produced here under fair use.
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Figure 2. Non-metric multidimensional scaling of Pokémon community species composition in HG/SS.

Figure 3. Shannon diversity had a positive relationship with the number of habitat types (grass, trees, water) in the 
most common location types (caves, routes, settlements), dependant on the location type, but this relationship was 
not statistically significant.
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Shannon indices) increased with the num-
ber of habitat types, although the relation-
ship was not significant (Fig. 3).

Settlements with water habitats had sig-
nificantly higher Simpson and Shannon di-
versity than settlements lacking these habi-
tats (Simpson: adj-R² = 0.04, F3,95 = 2.44, p = 

0.0083; Shannon: adj-R² = 0.10, F3,95 = 3.40, p
= 0.010, Fig. 4a). Likewise, settlements with 
trees had significantly higher diversity 
(Simpson: adj-R² = 0.10, F3,95 = 4.79, p = 
0.00029; Shannon: adj-R² = 0.09, F3,95 = 4.35, 
p = 0.0016, Fig. 4b). In caves and routes, wa-
ter habitats were also associated with high 
diversity, although these relationships were 

Figure 4. Diversity is associated with location type dependent on the presence of (a) water tiles or (b) tree tiles.

Figure 5. The association between diversity and habitat size is dependent on location type.
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not statistically significant. Similarly, routes 
containing trees tended to have higher di-
versity, but the association was not signifi-
cant.

Habitat size was significantly positively 
correlated with diversity metrics in settle-
ments (Simpson: adj-R² = 0.039, F3,955 = 
2.315, p = 0.010; Shannon: adj-R² = 0.043, F3,95
= 2.47, p = 0.026), non-significantly nega-
tively correlated in caves, and non-signifi-
cantly positively correlated in routes (Fig. 
5).

Urbanisation

Urban environments were significantly 
less diverse than non-urban environments 
for both diversity metrics (Fig. 6), (Simpson: 
adj-R² = 0.034, F1,111 = 4.926, p = 0.029; Shan-
non: adj-R² = 0.042, F1,111 = 5.89, p = 0.017), 
but note the low R² value in both models, 
indicating that urbanisation alone is a poor 
explainer of the variance in diversity.

DISCUSSION

Broadly, we found that abundance and 
diversity distributions in Pokémon Heart-
Gold/SoulSilver emulate those observed in 
real world ecosystems. A few “species” 
(Magikarp, Hoothoot, Tentacool, Zubat, 
and Geodude) were common, but the ma-
jority of Pokémon were rare (Fig. 1). These 
common species were widespread and 
could be compared to generalists found 
across a variety of urban and rural habitat 
types in real ecosystems (rodents, doves/
pigeons, jellyfishes) (Sorace & Gustin, 
2009). 

Even so, community composition varies 
across location types (Fig. 2). This game me-
chanic which motivates players to travel to 
different locations to find different Poké-
mon, reflects patterns observed in real sys-
tems due to abiotic forcings driving compo-
sitional differences in biomes. In HG/SS, 
diversity metrics were significantly associ-
ated with the number of habitat types (wa-
ter and tree habitats), and with habitat size, 
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Figure 6. Diversity is higher in rural (non-settlement location types) than urban (settlement location types).
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particularly in settlements (Figs 3–5), where 
habitat management and green space have 
similarly been shown to increase biodiver-
sity in real-world cities and towns (Knapp 
et al., 2008). Diversity was also significantly 
lower in settlements, which is likely ex-
plained by the presence of fewer habitat 
types, but nonetheless mirrors a trend seen 
in real ecosystems.

Previous work has established parallels 
between Pokémon and real taxonomic 
groups (e.g., Drage, 2024). While identify-
ing mammals (e.g., Rattata), birds (e.g., 
Hoothoot), or arthropods (e.g., Spinarak) 
reflects a clear conscious design effort, iden-
tifying ecological roles is more challenging. 
Food chains are unlikely to be considered in 
Pokémon world design; for instance, some 
in-game locations contain no/few Pokémon 
that could be considered grazers, contra-
dicting fundamental community assembly 
rules. It is therefore difficult to establish 
predator-prey interactions. Parasite-host in-
teractions are equally hard to identify, but 
Pokémon like Slowbro may constitute an 
example. Mutualism (positive-positive net 
fitness interactions) and competition (nega-
tive-negative net fitness interactions) are 
challenging to disentangle from habitat-
preferences or allopatry without either 
finer-scale spatial data or an understanding 
of a Pokémon’s ecological niche. As such, 
disentangling fine-scale ecological pro-
cesses from abundance distributions, which 
are unlikely to be encoded into the original 
game, presents an impossible and probably 
fruitless (if fun) challenge. However, design 
choices and ecological strategies detailed 
in-text in Pokémon games has been shown 
as an effective tool for teaching about eco-
logical interactions (Rangel et al., 2024).

The nature-like design of Pokémon is 
likely a key contributing factor in making 
Pokémon such a successful and enduring 
game world, with effects that seem to ex-
tend well beyond the games themselves 
and even into how people engage with sci-
ence. This emulation is an encouraging sign 
that Pokémon might prime people to de-
velop better intuitions about how real 
ecosystems work, which is especially perti-

nent at a time when humans are frequently 
disengaging with nature (Balmford et al., 
2002; Naddaf, 2026). This reflection of na-
ture is likely a conscious effort, given that 
Pokémon HQ hired PhD holders in animal 
and plant ecology to help with the world 
building of games like Pokopia and main 
line games. Pokémon has even been used to 
highlight specific ecological threats, e.g., the 
Galarian ghost-type Corsola as a represen-
tative of bleached coral form (introduced in 
Pokémon Sword and Shield (Generation VIII), 
compared to the usual colourful morph 
found in previous games, which has been 
driven to extinction (at least locally). Media 
can be a powerful tool to highlight ecologi-
cal disaster, but often initial interest in na-
ture is needed for engagement. The power 
of video games like Pokémon is that, 
whether or not they explicitly aim to in-
crease ecological literacy, they have the ca-
pacity to do so, and so it can influence peo-
ple who are not the traditional audience of 
natural science media.
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Table S1. A summary of location size, diversity metrics, and most abundant Pokémon across locations in HG/SS.
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