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Abstract: This paper examines hypotheses explaining greater biodiversity in the tropics compared to regions located 
at higher latitudes. The results of studies of the biodiversity of different groups of organisms along latitudinal transects 
are presented to demonstrate the existence of latitudinal gradients of biodiversity. Hypotheses explaining the existence 
of regular gradients of biodiversity, i.e. such cha nges in biodiversity when it increases with approaching the equator: un-
even distribution of the sizes of the tropics and temperate zones, the so-called middle domain effect, uneven latitudinal 
distribution of energy reaching the Earth’s surface and other evolutionary and ecological hypotheses. Moreover, explana-
tions for reverse gradients of biodiversity are discussed. Attention is drawn to the different nature of the conditions for 
these explanations and to the rather large gaps in data that could be useful to resolve these issues. 
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Streszczenie: W artykule tym omówiono hipotezy wyjaśniające powody większej różnorodności biologicznej w tropikach 
w porównaniu z regionami położonymi na wyższych szerokościach geograficznych. Przedstawiono wyniki badań różno-
rodności biologicznej różnych grup organizmów wzdłuż południkowych transektów, aby wykazać istnienie południkowych 
gradientów różnorodności biologicznej. Omówiono hipotezy wyjaśniające istnienie normalnych gradientów różnorod-
ności biologicznej, to  jest takich zmian różnorodności biologicznej, gdy wzrasta ona w miarę zbliżania się do równika: 
nierówny podział wielkości obszarów tropików i stref umiarkowanych, tak zwany efekt środkowej domeny, nierówny po-
łudnikowy rozkład energii docierającej do powierzchni Ziemi i inne ewolucyjno- ekologiczne hipotezy. Przedstawiono 
także wyjaśnienia odwróconych gradientów różnorodności biologicznej. Zwrócono uwagę na różny charakter natury tych 
wyjaśnień i na dość duże luki w danych, które mogłyby być przydatne do rozwiązania tych problemów. 

Słowa kluczowe: różnorodność biologiczna, południkowe gradienty różnorodności biologicznej, tropiki, strefy umi-
arkowane, klimat, gatunki, ekosystemy

2025, 23, 3: 105-120
p-ISSN 1733-1218; e-ISSN 2719-826X

DOI: http://doi.org/10.21697/seb.5852



106K.Kowalczyk, J. Uchmański

Introduction
Perhaps no other aspect of biodiversity has 
intrigued ecologists as much as the increas-
ing biodiversity on the  journey from 
the poles to the tropics. This phenomenon, 
described as the latitudinal gradient of diver-
sity, has become the focal point of many 
considerations and studies. However, find-
ing a possible cause of this phenomenon is 
a considerable challenge due to the grow-
ing number of hypotheses, their intercon-
nections, and the difficulty of unequivocally 
undermining them. 

The species richness of the tropics fasci-
nated the first European naturalists who 
visited these regions in the 19th century. 
We can find traces of this in the writings 
left by Charles Darwin and Alexander von 
Humboldt, although, it can be assumed 
that the opinions of these first researchers 
were largely influenced by their fascination 
with the diversity of the nature of the trop-
ics. Later preliminary observations indicated 
that biodiversity increases with decreasing 
latitude. However, there are certain groups 
of organisms that show the opposite trend: 
a decrease in species diversity towards 
the tropics. These other trends have been 
almost ignored in ecological and evolution-
ary literature. Identifying the reasons for this 
difference is also not easy.

Biodiversity studies at the level of entire 
ecosystems are difficult because they require 
the joint effort of many specialists. There-
fore, it seems that such extensive informa-
tion is not found in the literature on the sub-
ject. Usually, biodiversity studies concern 
only selected groups of organisms and cover 
areas that are more or less spatially limited.

There are two ways of testing hypotheses 
about greater biodiversity in the tropics. 
Comparisons of biodiversity can be made for 
regions of the Earth that are very differently 
located, but large enough for their parts 
located at different distances from the equa-
tor to be different, for example, in terms 
of climate. In such cases, biodiversity is 
analysed at selected points fairly freely scat-
tered over the surface of the studied region. 

However, such studies can be conducted in 
a more systematic way. The difference lies 
in a different way of selecting points on 
the world map at which diversity will be ana-
lysed. If the points at which biodiversity will 
be considered are located along the latitudi-
nal lines from the North Pole to the equa-
tor and from the South Pole to the equator, 
then we can talk about searching for latitu-
dinal gradients of biodiversity and formu-
late hypotheses assuming for example, that 
with decreasing latitude we will observe 
an  increase in biodiversity. The results 
of biodiversity analyses conducted accord-
ing to these two methods will be presented 
in this paper, although more emphasis will 
be placed on the analysis of biodiversity 
gradients, and the second of the presented 
research methods, i.e. the analysis of biodi-
versity on the scale of selected regions, will 
serve as a background for the analysis of its 
gradients.

It is interesting that the problem of diver-
sity gradients can be viewed from a vari-
ety of perspectives, not only from the bio-
logical one. There are studies showing that 
the diversity of cultures of human societies 
decreases as we move away from the equator 
(Collard and Foley 2002). However, it is not 
known whether in this case there is a con-
nection with the postulated greater biologi-
cal diversity of the tropics. 

When writing this paper, the authors 
referred to  the extremely helpful chap-
ter titled “Why are the tropics so diverse?,” 
which can be found in the book by Thomas 
Sherratt as well as to David Wilkinson’s text 
titled “Big questions in ecology and evolu-
tion” (Sherratt and Wilkinson 2009), mon-
ographs: “Species diversity in space and 
time” by Michael L. Rosenzweig (Rosenz-
weig 1995), “Community ecology” by Peter 
J. Morin (Morin 1999) and “Scaling biodiver-
sity” edited by David Storch, Pablo Marquet 
and James Brown (Storch et al. 2007).
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2. �Examples of Greater Tropical 
Biodiversity – Regular Diversity 
Gradients

In forests covering almost two million 
square kilometers in Thailand, Malaysia, 
the Philippines, Indonesia, and Indochina, 
there are about 35,000 species of flowering 
plants (Prance 1977). In one hectare of rain-
forest on the Atlantic coast of Bahia, Bra-
zil, there are 450 species of trees (Thomas 
and Carvalho 1993). The plant diversity on 
one island off the coast of Puerto Rico, cov-
ered with relatively poor rainforest, consists 
of 214 species, whereas in the same area in 
the Cape Province in South Africa, there are 
only 138 species, and a similar number exist 
in the State of Victoria in southeastern Aus-
tralia (Richards 1969). Proctor et al. (1983) 
studied the diversity of rainforests located 
in the immediate vicinity of the equator in 
Gunung Mulu National Park in Sarawak, 
Borneo, and found 223 species in one hec-
tare of forest on alluvial soils, 214 species in 
a forest dominated by species from the Dip-
terocarpaceae family, 123 species in a heath 
forest, and 73 species in a forest on lime-
stone. Oak-hornbeam forests in Poland in 
the same area may contain about 500 trees 
belonging to only a dozen or so species 
(Weiner 2020), and the number of tree spe-
cies in the total area of the USA and Canada 
is 700 species (Wilson 1991).

Henderson et al. (1998) found 286 spe-
cies of freshwater fish in a relatively small 
part of  the Amazon floodplain. This is 
more species than in the whole of Europe, 
where about 215 species have been recorded 
(Maitland and Campbell 1992). Terborgh 
et al. (1990) counted the species of birds 
that breed in 97 ha of the floodplain forest 
of Amazonian Peru. There were 245 of them, 
and an additional 74 species were seasonal 
or migratory.

Rosenzweig (1995) makes a very strong 
case for the existence of distinct gradients 
in biodiversity, which indicate that the trop-
ics are more species-rich than the temper-
ate zones. He cites more detailed evidence 
from studies on a variety of plant and animal 

groups: New and Old World plants (Gen-
try 1988), North and Central American 
bats (Rosenzweig 1992), North and Central 
American mammals (Sandlin and Rosen-
zweig (unpublished data)), snakes, frogs, 
and lizards (Arnold (1972) and Duellman 
(1990)), termites (Collins 1989), littoral fishes 
(Rhode 1992), and fossil foraminifera (Stehli 
et al. 1969). In all these cases, the sets are 
real gradients, since they span several dozen 
degrees of latitude. In the case of the above-
mentioned foraminifera, the material was 
from the last 70 million years, and the loca-
tion of the rocks from which the samples 
were obtained was determined based on 
preserved traces of the magnetic orienta-
tion of the rocks. In angiosperms, the exist-
ence of similarly old (110 million years in this 
case) latitudinal diversity gradients can be 
found (Crane and Lidgard 1989).

Species diversity of birds with breeding 
grounds in Canada, the USA and Mexico 
increases equatorward (MacArthur and Wil-
son 1967). Attrill et al. (2001) compared spe-
cies diversity data for invertebrates inhab-
iting the sediments from 20 estuaries from 
different regions of the world selected for 
similar salinity, similar sediment particle 
size and similar sediment sampling meth-
ods. They found a statistically significant 
relationship between diversity and latitude, 
with greater diversity at low latitudes. Gas-
ton et al. (1995) analysed the diversity of rep-
tile families on a global scale. The choice 
of the family level was dictated by the pau-
city of information on the diversity of this 
group of animals from the tropics, which 
are a less explored area. They showed that 
the highest diversity is characteristic of trop-
ical America with a maximum in southern 
Mexico, and slightly smaller diversity in 
Nicaragua, southern Colombia, central Ven-
ezuela, and central Colombia. Similar geo-
graphic patterns of diversity are observed 
on different continents in the distribution 
of species from different groups and taxa 
(Tokeshi 2009; Gaston and Spicer 2004; 
Cox and Moore 2005). Analyses included 
the diversity of tree species on different 
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continents, freshwater fish in the world’s riv-
ers, marine bivalves, termites, and primates.

3. Examples of Reverse Diversity Gradients
There are quite numerous and clearly vis-
ible exceptions to the above-mentioned 
tendency (Kindlmann et al. 2007). An 
example of this can be those taxa whose 
occurrence is imited to high latitudes. Most 
of the 17 species of penguins can be found 
in the polar regions of the Southern Hemi-
sphere (del Hoyo et al. 1992). In turn, species 
of albatrosses and petrels live mostly south 
of the Tropic of Capricorn, although some 
are endemic to areas north of the Tropic 
of Cancer (Chowne et al. 1998).

We also have results from studies con-
ducted along latitudinal transects that 
show reverse patterns of diversity change. 
Cook (1969) found a significant decline in 
bird species diversity in deciduous forests 
of the eastern United States from New Eng-
land to the southeastern United States. Val-
dovinos et al. (2003) studied shelf mollusks 
along the western coast of South America 
from northern Peru (10°S) to Cape Horn 
(55°S) in relation to shelf water temperature 
and surface area. The distribution of 629 
species of Prosobranchia, Bivalvia, and Pla-
cophora was analysed, but only those occur-
ring at depths of no more than 200 m. Their 
diversity was characterized by a clear reverse 
gradient, especially in the case of Proso-
branchia, the most diverse group. However, 
the changes were not monotonous. Between 
10°S and 40°S, bivalve diversity remained 
more or less constant at about 100 species, 
then increased rapidly to 300 species around 
Cape Horn. Statistical analysis showed 
that 59% of this variation was explained by 
the size of the shelf area.

The  species diversity of  aphids and 
the plants they use was also studied (Dixon 
et al. 1987). Data came from 23 countries. 
It turned out that aphid diversity reaches 
a maximum in the  temperate zone and 
then declines in the  tropics. A decline 
in diversity towards the  tropics is also 
observed in one of the largest insect families, 

the Ichneumonidae (Owen and Owen 1974). 
This is correlated with different, often oppo-
site trends in different subfamilies (Janzen 
1981; Gauld 1986). Subfamilies that are char-
acterized by a diversity increase in the trop-
ics are represented by generalist species with 
slow population growth. Subfamilies with 
lower diversity in the tropics mainly con-
tain specialists characterized by the ability 
to grow their populations quickly. The struc-
tures of food webs of invertebrates, proto-
zoa, and bacteria that inhabit the water-filled 
pitchers of the Sarracenia purpurea were 
also studied (Buckley et al. 2003). The results 
came from 39 natural populations of this 
species randomly selected from the USA. 
The species diversity of organisms living in 
the pitchers increased with latitude, and this 
was mainly due to an increase in the diver-
sity of protozoa and bacteria; the diversity 
of invertebrates did not depend significantly 
on latitude. However, a significant decrease 
in the numbers of the top predator, the mos-
quito Wyeomyia smithii, was observed with 
increase of latitude.

Many other groups of organisms show 
their maximum diversity far from the trop-
ics. This is also evident in soil organisms. 
For example, most earthworm species live 
in the  temperate zone of  the Northern 
Hemisphere (Phillips et al. 2019). The same 
phenomenon can be observed in many 
other soil invertebrates and their parasites 
(Cameron et al. 2018). Procter (1984) found 
that soil nematode species richness was 
higher in temperate zones, mainly because 
of the absence of predators. More detailed 
studies have shown that much depends 
on vegetation type (Boag and Yeates 1998): 
the highest diversity was found in temperate 
broadleaf forests, arable soils and grasslands 
in this zone, but tropical rainforests were 
more diverse than temperate coniferous for-
ests, and the lowest soil nematode diversity 
was observed in polar regions. In contrast, 
in oribatid mites, there are no significant dif-
ferences in diversity between the tropics and 
temperate zones (Maraun et al. 2007).
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The problem of microbial diversity, which 
plays a key role in the cycling of matter in 
ecosystems, requires separate treatment. In 
the 1980s, Smith (1982) compiled informa-
tion on the diversity of testate amoebas from 
various locations in the Antarctic and sub-
Antarctic areas. It turned out that the Ant-
arctic locations were characterized by lower 
diversity. Later studies, however, showed 
that in samples taken from islands located 
in the sub-Antarctic regions, the diversity 
of this group of organisms is comparable 
to the tropics (Vincke et al. 2004; 2006). 
Hilldebrand and Azovsky (2001) reviewed 
179 studies of diatom diversity from vari-
ous locations and found no dependence on 
latitude. On the other hand, studies of RNA 
in ribosomes of  eukaryotic organisms 
from intertidal sediments of the Greenland 
coast have shown that this is the place with 
the highest diversity compared to all similar 
locations studied so far (Stoeck et al. 2007), 
which may suggest that the species diversity 
of this group of organisms reaches its maxi-
mum outside of the tropics. Other molecu-
lar studies, in which bacterial diversity was 
analysed in 98 soil samples taken from dif-
ferent locations in North and South America, 
do not indicate any dependence on latitude 
(Fierer and Jackson 2006). It turned out that 
soil pH is the only good predictor of bacte-
rial diversity. There is no doubt, however, 
that the diversity of benthic foraminifera 
reaches its maximum in the tropics (Buzas 
et al. 2002).

In summary, there is currently no con-
vincing evidence that there are any clear 
geographical patterns of species diversity 
in microorganisms – both prokaryotic and 
eukaryotic. However, it should be empha-
sized that we do not have evidence that 
such patterns do not exist. Sherratt and 
Wilkinson (2009) point out that the possi-
ble reasons for this state of affairs may be 
the  lack of research on microbial diver-
sity and the unsystematic way of selecting 
sampling sites. The results have very often 
been obtained based on a small number 
of samples collected. A separate problem 

is the way of determining the species affili-
ation of microorganisms. If there is a lack 
of clearly visible morphological diagnostic 
characters, researchers have at their disposal 
increasingly used molecular methods or 
earlier developed methods such as growth 
of bacterial cultures under laboratory con-
ditions, lipid analysis or direct microscopic 
observation.

It also seems that the clarity of regular lat-
itudinal gradients of biodiversity depends 
on the body mass of the organisms studied 

– they become more visible in larger organ-
isms (Hilldebrand 2004). Most of the organ-
isms analysed by this author are multicel-
lular organisms. All the microorganisms 
were eukaryotes originating from just three 
groups: foraminifera with a maximum diver-
sity in the tropics, and diatoms and ciliates, 
which were not characterized by regular 
diversity gradients.

It is worth noting that geographic patterns 
of diversity may differ between the North-
ern and Southern Hemispheres. Along 
the Atlantic coast of Europe, macrophyte 
f loras show a  regular pattern of  diver-
sity changes (van den Hoek 1975), but in 
the Southern Hemisphere, along the western 
coast of South America between 10°S and 
55°S, the diversity of macrophytes increases 
with increasing latitude (Santelices 1980). 
Hemispheric differences may also consist 
of different degrees of distinctness of gradi-
ents of the same nature. For example, New 
World birds and many mammalian families 
show a more rapid decline in diversity with 
distance from the equator in the Northern 
Hemisphere than in the Southern Hemi-
sphere. Similarly, although in the Northern 
Hemisphere the diversity of marine spe-
cies appears to decline with latitude, studies 
(although few so far) indicate that the South-
ern Hemisphere is characterized by a high 
diversity of this group of organisms even in 
polar regions. For example, during studies 
of the deep-sea fauna around the Antarctic 
Peninsula, 674 species of isopod crustaceans 
were found, 586 of which were previously 
unknown (Brand et al. 2007).
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4. �Historical Conditioning of Diversity 
Gradients 

4.1. Different time scales

Although when searching for latitudinal gra-
dients of biodiversity we most often consider 
the current presence of species at different 
locations along these gradients, we should 
not forget about the influence of history 
on the presence or absence of species in 
the place we are studying.

Therefore, when considering the geog-
raphy of biodiversity, current biodiver-
sity should be viewed in the  long term. 
The physical conditions in which we record 
biodiversity only show its current form. 
Changes in time that have an impact on it 
have taken place on three scales of differ-
ent lengths. On the geological time scale, 
there have been very significant continen-
tal migrations. Those parts of the land that 
are currently in the tropics could have long 
ago been in the polar regions of the Earth 
and vice versa, and additionally, could have 
been in a very different configuration with 
the neighbouring lands. We have geologi-
cal and paleontological evidence for this 
(Dzik 2003). We also have the evolution-
ary and ecological time scales. Each species 
has a longer or shorter evolutionary his-
tory behind it. Species may differ in their 
susceptibility to speciation, which may be 
the result of their internal characteristics, 
but may also be the result of the conditions 
in which they evolved. Therefore, the num-
ber of species is the result of speciation, 
but also of species extinction and disper-
sion, which should already be considered 
on an ecological time scale. Because of this 
the fact that a species is present in a cer-
tain place does not mean that it originated 
there and remained in its original location; it 
could have evolved somewhere else and later 
migrated to that place. On the other hand, 
the absence of a species in a certain place 
does not necessarily mean that it was never 
there, because it could have been there but 
over time migrated to another place.

4.2. Climate changes 

There is paleontological evidence to show 
that in Earth’s geological past, the tropi-
cal region of the Northern Hemisphere 
extended much farther north than it does 
today (Beerling 2007). We are currently 
living in a geological ice age that followed 
an era of global warming, meaning that 
the tropical climate region has narrowed sig-
nificantly in geological time. This clearly vis-
ible trend over the past few million years has 
contributed to the extinction of evolutionar-
ily older groups of organisms from higher 
latitudes. When the results of this extinction 
are linked with the fact that, as paleontologi-
cal data show, the average age of orders and 
families of many groups of organisms (for 
example, sponges and corals) decreases with 
decreasing latitude, we can conclude that 
there is a higher rate of speciation in tropi-
cal regions (Jablonski et al. 2006; Mittelbach 
et al. 2007).

The rate of speciation in the tropics could 
have been faster because the organisms liv-
ing there had shorter life cycles and there-
fore more opportunities for speciation. 
The higher temperature increases the speed 
of biochemical reactions, which could have 
increased the rate of mutation. In the trop-
ics, we can also observe more different types 
of ecological interactions between species, 
the number of which is very often greater 
(thus, these interactions can be more pow-
erful). In this way, on the basis of the evo-
lutionarily shaped advantage of biological 
diversity in the tropics in specific geologi-
cal conditions, we will observe its further 
increase in this region, supported and rein-
forced by ecological factors and processes.

In tropical regions, isolated refuges can 
also form, preserving the diversity of tropi-
cal fauna and flora during ice ages even 
when diversity around them is reduced by 
falling temperatures. The geographic isola-
tion of refuges favoured increased allopatric 
speciation in tropical regions when biodi-
versity had completely disappeared at higher 
latitudes during ice ages (Haffer 1969).
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Gaston and Blackburn (1996) have drawn 
attention to the possibility of a dual view 
of the tropics. They can be seen as a “cradle” 
where species originate, or as a “museum” 
where species accumulate (Stebbins 1974). 
To choose between these two points of view, 
one must answer the question whether 
the higher biodiversity in the tropics is due 
to a higher rate of speciation or a low rate 
of species extinction? The aforementioned 
authors compared the average age of avi-
fauna in different latitudes using DNA anal-
ysis. They found that for birds, equatorial 
areas are more of a “museum” than a “cra-
dle.” The average age of taxa is the highest 
in the tropics and decreases towards both 
poles (particularly rapidly in the Northern 
Hemisphere). It can therefore be assumed 
that the tropics are characterized by a low 
rate of species extinction. However, more 
recent studies of other groups of organisms 
suggest that the tropics act both as a cra-
dle where rapid speciation occurs and as 
a museum where extinction rates are low 
(Jablonski et al. 2006; Marshall 2006).

4.3. Ecological niche conservatism

Let us assume that, for whatever reason, 
there is an initial asymmetry in the distribu-
tion of species along the latitudinal gradi-
ent. For example, more species started their 
history in the tropics because they cover 
a larger area, or they had more favourable 
conditions for speciation there, which seems 
very likely. As a result, relatively few species 
will be able to migrate to the temperate zone, 
for example because they lack adaptations 
to survive the winter. It therefore seems 
likely that if a species originated in the trop-
ics, it will tend to remain there, accentuat-
ing or even reinforcing the initial asymmetry 
between regions (Wiens and Graham 2005).

5. �Explanations of Regular Diversity 
Gradients

5.1. Importance of land area

The tropics appear to cover a larger area 
of the globe than other regions (Rosenzweig 
1995). This is more evident on globes than on 

flat maps, because the Mercator projection 
used for the latter greatly distorts the pro-
portions of the areas, making the areas 
around the tropics proportionally larger. 
The tropical regions of the Northern and 
Southern Hemispheres meet at the equator, 
which doubles the continuous area occu-
pied by the tropics, while the temperate and 
polar zones of the two hemispheres remain 
mutually isolated. Thus, in accordance with 
statements known from island biogeography 
(MacArthur and Wilson 1963; 1967), greater 
species diversity can be expected in the trop-
ics. The larger area of the tropics also allows 
for the maintenance of larger populations, 
which should protect the species living 
there from extinction. A larger area means 
that this environment may also be charac-
terized by increased heterogeneity, and may 
be divided into sub-areas, each large enough 
to support a large population, and contain 
more geographic barriers, which will favour 
higher rates of speciation.

Opponents take a different view of the 
above arguments (Mittelbach et al. 2007). 
More species in the  tropics may mean 
fewer individuals representing each of them, 
potentially increasing the threat of extinc-
tion in the long term. If species with larger 
ranges dominate the tropics (see below: 
mid-domain effect), this may mean that 
these species are more tolerant to different 
environmental conditions, making specia-
tion less likely. It should also be remembered 
that the tropics are a very diverse region, 
with uninhabited deserts, so taking into 
account the total area occupied by this zone 
may be misleading.

5.2. Mid-domain effect 

A hypothesis called the mid-domain effect 
in the literature assumes that the gradi-
ent of biodiversity with a maximum occur-
ring in the tropics is the result of geomet-
ric constraints faced by species inhabiting 
a given area (Colwell and Lees 2000). We 
should observe such an effect in the case 
of any area that is limited on all sides. Let 
us imagine that species with different, 
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randomly selected but small sizes of their 
ranges are scattered at random in such 
an area. The spatial distribution of such spe-
cies will be more or less variable in this area. 
There is no reason to expect any gradient 
in any direction that can be distinguished 
in the area under consideration. The situa-
tion is different for species with large ranges, 
comparable to the size of the area, although 
not necessarily as large as the area itself. In 
order to fit into the available area, these will 
have to be in such a place that the centres 
of their ranges coincide with the centre 
of the area they occupy. If we additionally 
assume that a higher density of a popula-
tion occurs in the middle of its range, then 
we get a clearly visible increase in the num-
ber of species near the centre of the area 
considered.

The above model works for a two-dimen-
sional area as well as for a one-dimensional 
case. In both cases, we can observe the pres-
ence of biodiversity gradients. Imagine a line 
stretching from the Mediterranean Sea, or 
from the southern edge of the Sahara for 
species that cannot tolerate a lack of water, 
to South Africa. Then the equator falls in 
the middle of such a line, and the centres 
of the ranges of species that fill the area 
of  tropical Africa would be located on 
the equator. 

The same hypothesis could explain the lati-
tudinal gradients of biodiversity in South 
America, because the land areas there are 
similarly located relative to the equator. 
In Southeast Asia and Australia, however, 
the situation is different: large land areas 
are located on one side of the equator, so 
the assumptions of this model seem to be 
very simplistic.

There are some reservations about 
the validity of the arguments put forward 
by the mid-domain hypothesis. No species 
arises with a precisely defined range, but 
rather its geometric form is subject to many 
ecological influences of varying intensity. 
Moreover, many species have discontinuous 
ranges. We also usually have some difficulty 
in precisely defining the geometry of species’ 

range boundaries. It is currently accepted 
that the mid-domain effect may have some 
power to explain latitudinal gradients in bio-
diversity, but for those areas where the equa-
tor runs through their midpoint and for 
species with large ranges. It should also be 
mentioned that recent tests of this hypothe-
sis have yielded rather unsatisfactory results 
(Currie and Kerr 2008).

5.3. Energy abundance hypothesis 

Studies that use very large databases of geo-
graphical locations of species (although 
sometimes these refer to higher taxonomic 
units) show strong dependence of biodiver-
sity on climate (Clarke 2007; Currie 2007). 
These comparisons were made on the scale 
of  large regions and mainly concerned 
the level of primary producers, for example 
vascular or flowering plants, and sometimes 
other groups of organisms. The characteris-
tic of climate is usually temperature or, more 
often, temperature and water availability. 

The tropical region receives more solar 
energy per unit area than the temperate and 
polar zones. This means not only a greater 
flux of energy reaching the Earth’s surface, 
but also higher average temperatures in 
the tropics. As a result, this leads to higher 
primary production in the tropics, of course 
where water shortages do not limit it. This 
probably means a greater number of organ-
isms taking advantage of this abundant pri-
mary production. However, this does not 
automatically have to be associated with 
greater biodiversity, since one can imag-
ine a single hypothetical species of primary 
consumers represented by a huge number 
of individuals, which dominated the eco-
systems of tropical regions. However, tak-
ing into account the mechanisms mentioned 
earlier, which may promote a higher rate 
of speciation in the tropics, it is reasonable 
to assume that higher primary production 
will enhance these processes and promote 
greater biodiversity in the tropics (Pianka 
1966).

In addition, the above mechanism may be 
aided by the fact that the tropics, compared 
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to regions located further north or south, 
are not only warmer, but they also have 
more stable climatic conditions through-
out the year; solar energy is more evenly 
distributed there over time, and the grow-
ing season lasts longer or there are no win-
ter breaks at all there, unlike in temper-
ate regions of the Earth. Food for primary 
consumers is available for longer. This may 
encourage the development of food speciali-
zation of species living in the tropics, which 
consequently weakens competition between 
them and leads to an increase in the biologi-
cal diversity of the tropics.

Currie and Paquin (1987) and Currie (1991) 
conducted studies in the tropics on the spe-
cies diversity of trees and vertebrates such 
as amphibians, reptiles and birds, compar-
ing the results with those for North America. 
All these groups showed a regular geograph-
ical pattern of species diversity. The num-
ber of tree species was well correlated with 
evapotranspiration and with all the factors 
influencing it – latitude and insolation, and 
less strongly with humidity and precipita-
tion. Thus, the better the physical condi-
tions for primary production, the more tree 
species. Evapotranspiration was also a factor 
strongly correlated with the species diversity 
of the terrestrial vertebrates studied.

Temperature affects the speed of biochem-
ical reactions, which can increase the fre-
quency of mutations and, consequently, 
the likelihood of the emergence of features 
that allow the exploitation of available 
ecological niches. At higher temperatures, 
especially in the absence of clear seasonal 
changes, organisms grow and mature faster, 
and generations last shorter. A high and 
constant ambient temperature guarantees 
cold-blooded organisms a continuous, high 
metabolism. In a warmer climate, a warm-
blooded organism can devote more energy 
to other purposes. This enables the evolu-
tion of a greater variety of life strategies, or 
this made possible the evolution of energy-
costly adaptations. However, warm-blooded 
organisms have to bear high costs of ther-
moregulation. The climate in the tropics not 

only accelerates the process of evolution and 
speciation but also creates much greater 
opportunities for natural selection to influ-
ence biodiversity compared to colder cli-
mates and those characterized by more pro-
nounced seasonality (Weiner 2020).

5.4. Other ecological hypotheses 

The range of a species increases with dis-
tance from the equator (Rapoport 1982). 
The explanation for this so-called Rapoport 
rule refers to climatic conditions. In temper-
ate latitudes, climate conditions are more 
variable than in the relatively stable thermal 
environment in the tropics. Species from 
the temperate climate zone had to develop 
a  wide range of  adaptations to  live in 
an environment with variable conditions. 
This allowed species from the temperate 
zone to extend their range into diversified 
areas, in other climate zones. Rapoport’s 
rule is also true for the elevation gradient. 
It follows that where species have a larger 
range, i.e. in zones further from the equa-
tor, fewer of them can “fit” into an area 
of the same size as in the tropics.

In 1967, another hypothesis appeared that 
fits well into the above sequence of ecolog-
ical-evolutionary arguments (Janzen 1967). 
It seems that mountains in the  tropics 
may constitute a greater barrier to the dis-
persal of organisms than in more north-
ern regions. However, this is not because 
mountain passes in the tropics are located 
higher, but because of physiological fac-
tors. In the tropics, species living in valleys 
adapted to live in higher temperatures have 
difficulty in overcoming the thermal barrier 
created by the higher parts of the mountains. 
In the temperate zone regions, this is prob-
ably easier for the organisms living there. 
The consequence of this phenomenon is 
greater geographical isolation of species liv-
ing in the tropics, and consequently their 
faster rate of speciation.

The following arguments presented by 
Janzen (1970) and Connell (1978) provide 
evidence that an increase in biodiversity 
in a certain group of organisms can also 
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affect its increase in other groups ecologi-
cally related to the former. If we assume that 
the number of herbivores and plant parasites 
(in both cases, let them be insects) is greater 
in the tropics, which can be explained by 
greater primary production in these regions, 
then plants will “try” for their offspring 
to germinate further away from the parent 
plant, because they will not be subjected 
there to the pressure of species that “make 
life difficult” for the parents. As a result, 
this leads to greater spatial heterogeneity 
of plant communities in the tropics than 
in higher latitudes and, in turn, promotes 
an increase in biodiversity in the tropics.

Theoretical considerations suggest that 
interspecific competition may be the cause 
of greater species diversity at each trophic 
level, as natural selection promotes specia-
tion, which leads to narrowing the width 
of ecological niches. At the same time, com-
petitive exclusion of species with similar 
niches reduces the diversity of the commu-
nity of competing species. In turn, greater 
diversity of predators and their more inten-
sive interactions with prey in the tropics will 
lead to a situation in which a greater num-
ber of competitors will be able to co-occur 
(Morin 1999). This would be in accordance 
with the already classical concept postu-
lated years ago in theoretical ecology, that 
the complexity of an ecological system is 
the cause of its stability (Elton 1958, May 
1973). Observations of nature in the tropics 
show what the result of these contradictory 
tendencies may be. In the tropical forests 
of the Amazon, on the Venezuelan-Brazilian 
border, one hectare can contain 580 trees 
of 283 different species, and in the rainforest 
on the island of Borneo, trees of 1175 species 
grow on 52 hectares (Hubbell 2001). Distur-
bances such as hurricanes destroying for-
ests or storms destroying coral reefs (Rhode 
2005) may also explain the high diversity 
of species in the tropics, with relatively little 
differentiation in their ecological niches. For 
this reason, these ecosystems do not reach 
the species-poor equilibrium state postu-
lated by classical theoretical ecology (May 

and McLean 2007). Connell (1978) argues 
that most real ecosystems never reach equi-
librium, and some high-intensity distur-
bances such as hurricanes and typhoons 
occur much more frequently in the tropics 
than in temperate zones.

Morin (1999) points out that if we assume 
that the tropics are the cradle of biologi-
cal diversity, then species originating in 
the tropics, especially sedentary species with 
a relatively short history, may not have had 
time to spread to habitats located in temper-
ate zones. This author uses the same argu-
ment to note that the process of competitive 
exclusion of species has not yet had time 
to proceed so far in the tropics as to reduce 
their diversity.

5.5. Human impact 

The majority of the human population is 
located in the temperate zone (especially in 
the Northern Hemisphere). The vast major-
ity of large, economically developed urban 
centres, characterized by increased human 
activity, are located outside of the tropics. 
Since human presence and activity most 
often adversely affect the environment and 
biodiversity, this may be the reason for 
greater biodiversity in the tropics, where 
humans have had lesser impact on nature.

6. �Explanations of Reverse Diversity 
Gradients

It appears that some of the reverse diver-
sity gradients can be explained by relatively 
simple physical and ecological factors. For 
example, the southern regions of North 
America are relatively dry and have low pri-
mary production (Hulbert and Haskell 2003). 
As a result, the species diversity of birds 
with breeding grounds in North America 
declines southward. In turn, the decline in 
the diversity of fauna inhabiting the pitchers 
of the Sarracenia purpurea can be attributed 
to an increase in the abundance of preda-
tors using this food source (Kneitel and 
Miller 2002; Buckley et al. 2003). In contrast, 
the reverse gradient observed in seaweeds 
from the Pacific coast of South America 
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results from the co-occurrence of species 
of different origins (Santelices 1980). This 
area is characterized by a high proportion 
of endemic species (over 32%) and an une-
venly distributed share of tropical species 
(a share of several percent) and subant-
arctic species (their share is also over 30%) 
along the coast. The number of tropical spe-
cies decreases towards the south, the num-
ber of subantarctic species increases, and 
the number of endemics is relatively con-
stant along the entire coast.

For other reverse gradients, more specific 
hypotheses are needed. Janzen and Pond 
(1975) and Janzen (1981) formulated the so-
called resource fragmentation hypothesis 
to explain the reverse latitudinal gradient 
of diversity in Ichneumonidae. The larvae 
of these insects are parasitoids of the lar-
vae of other insect species. This is usually 
associated with a high degree of specializa-
tion of the parasitoids. If the potential hosts 
of Ichneumonidae species are character-
ized by the regular diversity gradient, then 
their species diversity in the tropics will be 
high, which may make it difficult for special-
ist parasitoids to find a suitable host. Only 
parasitoid species with a low degree of spe-
cialization will be able to maintain viable 
populations. Populations of specialist spe-
cies will become extinct, which will then 
lead to a decline in Ichneumonidae diver-
sity in the tropics. This effect may be ampli-
fied by increased predation in the tropics 
(Pain 1966; Elton 1973), and it is likely that 
resource fragmentation (which parasitoids 
receive from their diverse hosts) will further 
impede speciation of specialist parasitoids 
(Shaw 1994).

The common host hypothesis is a certain 
elaboration of the earlier resource frag-
mentation hypothesis (Dixon 1987; Kindl-
mann 1988). It formulates more precisely 
the conditions that parasitoid species char-
acterized by a reverse gradient of diversity 
should meet: it should be a specialist in 
terms of host selection, it should repeatedly 
and cyclically search for this host and do it 
in a random manner, and the search time 

should be short, while the species diver-
sity of the group to which the host species 
belongs should show a regular latitudinal 
gradient of diversity. Parasitoids with such 
features will be characterized by a reverse 
gradient of diversity – their diversity in 
the tropics will be lower. This will happen 
because, with a high diversity of hosts in 
the tropics, none of them will be common 
enough for parasitoids to encounter it.

Toxicity is more common among tropical 
plant species than in temperate zones (Levin 
1976). This observation has led to the formu-
lation of the so-called nasty host hypothesis. 
Insects such as aphids that directly use plant 
resources and consequently parasitoids 
of such insect species will have difficulty 
finding a safe food source. This may lead 
to a decline in the diversity of these insect 
groups (Gauld et al. 1992).

Conclusion: Are the Tropics More Diverse? 
The problem addressed in this paper con-
cerns the diversity of nature on a vast time 
and spatial scale. It would not be an exag-
geration to say that it concerns the entire 
current diversity of nature on a global 
scale, as well as the entire evolutionary his-
tory of nature, which took place against 
the background of the geological history 
of the Earth. The biodiversity gradient is 
an attempt to find order in this variability. 
As one can see, it is difficult. After getting 
familiar with the available material on bio-
diversity gradients, we may have the impres-
sion that we know less than we did before. 
There is neither certainty that latitudinal 
gradients of diversity actually exist, nor (if 
we assume that they do) that we can clearly 
indicate a convincing hypothesis explain-
ing their causes. This state of affairs is 
caused by a great many factors of different 
nature, intertwined and most often difficult 
to clearly indicate.

A separate and very important problem 
is the quality of available data on species 
diversity. These are compilations made very 
selectively in terms of where they come from 
and the group of organisms they concern. 
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According to Rosenzweig (1995), the data 
documented so far on the diversity of ter-
restrial ecosystems in the tropics are greatly 
underestimated. Most of what we know 
comes from the two lowest meters of ecosys-
tems, which in fact reach up to 50 or even 60 
meters. This is due to the fact that the upper 
levels of tropical forests are difficult for 
researchers to access. It is perhaps also sig-
nificant that most research centres dealing 
with biodiversity are located in the North-
ern Hemisphere outside the tropics, and 
research in the tropics is an extraordinary 
event for them. Phillips et al. (2019) and 
Cameron et al. (2018) point to the huge dis-
proportion in our knowledge of the diversity 
of soil organisms compared to organisms 
with an overground lifestyle and the lack 
of information from vast areas of Siberia, 
Canada, Central Africa and Central Asia. 
Most studies on the diversity of soil organ-
isms have been conducted in Europe and 
the USA. Important elements that are miss-
ing in the considerations of diversity gradi-
ents are Siberian ecosystems (for example 
taiga) despite the fact that there is a rich lit-
erature on them. The results of studies con-
ducted there (see for example: Pavlov (2006), 
Striganova (2009); Striganova and Poriadina 
(2005)) are not taken into account by west-
ern researchers of biodiversity gradients.

It should also be said, however, that 
there are existing premises which may lead 
to the conclusion that points to the exist-
ence of regular latitudinal gradients of bio-
diversity. The data concerning them cover 
a wider spectrum of species and environ-
ments. In turn, examples of reverse latitu-
dinal gradients concern more specific situa-
tions. From the arguments presented in this 
paper in the form of facts and hypotheses, 
it follows that the most probable explana-
tions for regular latitudinal gradients of bio-
diversity should be considered as follows: (1) 
the middle domain effect, (2) a larger and 
continuous area of the tropics, (3) more 
opportunities for speciation for various rea-
sons, (4) warmer and less variable climatic 

conditions, and (5) a long and more stable 
geological history.

It is also worth noting that the arguments 
for regular and reverse gradients of biodiver-
sity discussed above are of different quality. 
Each example of a reverse gradient of diver-
sity finds its own explanation in the spe-
cific ecological and evolutionary situation 
in which the species described happened 
to live. On the other hand, explanations 
of regular gradients of diversity are general 
hypotheses, related of course to the specific-
ity of life in the tropics, but general enough 
to be applied to very different species occu-
pying different ecological niches. This may 
indicate the real existence of regular gradi-
ents of biodiversity, from which, as always in 
nature, there are exceptions.

Author contributions: Conceptualization, K.K. and J.U.; 
Writing – Original Draft Preparation, J.M. and J.U.; Writing 

– Review & Editing, J.U. Both authors have read and agreed 
to the publishing version of the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: Not applica-
ble.
Conflict of  Interest: The  authors declare no conflict 
of interest.

References
Arnold, Stevan J. 1972. “Species densities of predators 

and their prey.” American Naturalist 106: 220-236.
Attrill, Martin J., Richard Safford, and Ashley 

A. Rowden. 2001. “Latitudinal diversity patterns 
in estuarine tidal flats: indications of global cline.” 
Ecography 24: 318-324.

Beerling, David. 2007. The Emerald Planet. Oxford: 
Oxford University Press.

Boag, Brian, Gregory W. Yeates. 1998. “Soil nematode 
biodiversity in terrestrial ecosystems.” Biodiversity 
and Conservation 7: 617-630.

Brandt, Angelika, Andrew J.  Gooday, Simone 
N.  Brandao et al. 2007. “First insight into 
the biodiversity and biogeography of the Southern 
Ocean deep sea.” Nature 447: 307-311. https://
doi:10.1038/nature05827

Buckley, Hannah L., Thomas E.  Miller, Aron 
M.  Ellison, and Nicholas J.  Gotelli. 2003. 

“Reverse latitudinal trends in species richness 



117Biodiversity Gradients: Is Diversity Greater in the Tropics?

of pitcher-plant food webs.” Ecological Letters 
6: 825-898.

Buzas, Martin A., Laurel S. Collins, and Stephen 
J.  Culver. 2002. “Latitudinal differences in 
biodiversity caused by higher tropical rate 
of increase.” Proceedings of the National Academy 
of  Sciences USA 99: 7841-7843. https://doi.
org/10.1073/pnas.122241499.

Cameron, Erin K., Inês S. Martins, Parick Lavelle, 
Jérome Mathieu, Leho Tedersoo, Felix Gottschall, 
Carlos A. Guerra, Jes Hines, Guillaume Patoine, 
Julia Siebert J., et al. 2018. “Global gaps in 
soil biodiversity data.” Nature Ecology and 
Evolution 2, 7: 1042-1043. https://doi.org/10.1038/
s41559-018-0573-8.

Chown, Steven L., Kevin J.  Gaston, and Paul 
H.Williams. 1998. “Global patterns in species 
richness of pelagic seabirds: the Procellariiformes.” 
Ecography 21: 342-350.

Clark, Andrew. 2007. “Climate and diversity: the role 
of history.” In Scaling Biodiversity, edited by David 
Storch, Pablo A. Marquet and James H. Brown, 
226 – 245. Cambridge: Cambridge University 
Press, Cambridge.

Collard, Ian F., and Robert A. Foley. 2002. “Latitudinal 
patterns and environmental determinants 
of recent human cultural diversity: do humans 
follow biogeographic rules?” Evolutionary Ecology 
Research 4: 371-383.

Collins, N. Mark. 1989. “Termites.” In: Ecosystems 
of  the  World, Vol 14B. Tropical Rainforest 
Ecosystems; Biogeographical and Ecological 
Studies, edited by Helmut Leith, and Marinus 
J.A. Werger, 455-471. Amsterdam: Elsevier.

Colwell, Robert K., and David C.  Lees 2000. 
“The mid-domain effect: geometric constrains 
in the geography of species richness.” Trends in 
Ecology and Evolution 15: 70-76.

Connell, Joseph H. 1978. “Diversity of tropical rain 
forests and coral reefs.” Science 199: 1302-1310.

Cook, Robert E. 1969. “Variation in species density 
in Northern American birds.” Systematic Zoology 
18: 63-84.

Cox, C. Barry, and Peter D. Moore. 2005. Biogeography. 
Seventh edition, Oxford: Blackwell Publishing.

Crane, Peter R., and Scott Lidgard. 1989. “Angiosperm 
diversification and paleolatitudinal gradients in 
cretaceous floristic diversity.” Science 246: 675-678

Currie, David J. 1991. “Energy and large-scale 
patterns of animal and plant species richness.” 
The American Naturalist 137: 27-49.

Currie, David J. 2007. “Regional-to-global patterns 
of diversity, and what they have to say about 
mechanisms.” In Scaling Biodiversity, edited by 
D. Storch, P.A. Marquet, and J.H. Brown, 258 – 282. 
Cambridge: Cambridge University Press.

Currie, David J., and Viviane Paquin. 1987. “Large-
scale biogeographical patterns of species richness 
in trees.” Nature 329: 326-327.

Currie, David J., and Jeremy T. Kerr. 2008. “Tests 
of  the  mid-domain hypothesis: a  review 
of the evidence.” Ecological Monographs 78: 3-18.

Dixon, Anthony G., Pavel Kindlmann, Jan Lepš, and 
J. Holman. 1987. “Why are there so few species 
of aphids, especially in the tropics?” American 
Naturalist 129: 580-592.

Duellman, William E. 1990. “Herpatofaunas in 
tropical rainforests: comparative composition, 
history, and resource use.” In: Four Neotropical 
Rainforests, edited by Alwyn H. Gentry, 455 – 505. 
New Haven: Yale University Press.

Dzik, Jerzy. 2003. Dzieje Życia na Ziemi. Warszawa: 
Wydawnictwo Naukowe PWN.

Elton, Charles S. 1958. The Ecology of Invasions by 
Animals and Plants. London: Methuen and Co. Ltd. 

Elton, Charles S. 1973. “The structure of invertebrate 
populations inside neotropical rain forest.” Journal 
of Animal Ecology 42: 55-104.

Fierer, Noah, and Robert B.  Jackson. 2006. 
“The diversity and biogeography of soil bacterial 
communities.” Proceedings of National Academy 
of Sciences USA 103: 626-631.

Gaston, Kevin J., and John I. Spicer. 2004. Biodiversity: 
an Introduction. Second edition. Oxford: Blackwell 
Publishing.

Gaston, Kevin J., Paul H. Williams, Paul Eggleton, 
and Chris J. Humphries. 1995. “Large scale patterns 
of biodiversity: spatial variation in family richness.” 
Proceeding of the Royal Society B. 260: 149-154.

Gaston, Kevin J., and Tim H.  Blackburn. 1996. 
“The tropics as a museum of biological diversity: 
an analysis of the New World avifauna.” Proceedings 
of the Royal Society B 263: 63-68.

Gauld, Ian D. 1986. “Latitudinal gradients in 
ichneumonid species-richness in Australia.” 
Ecological Entomology 11: 155-161.



118K.Kowalczyk, J. Uchmański

Gauld, Ian D., Kevi J. Gaston, and Daniel H. Janzen. 
1992. “Plant allelochemicals, tritrophic interactions 
and the anomalous diversity of tropical parasitoids: 
the “nasty” host hypothesis.” Oikos 65: 353-357.

Gentry, Alwyn H. 1988. “Changes in plant 
community diversity and floristic composition 
on environmental and geographical gradients.” 
Annals of Missouri Botanical Garden 75: 1-34.

Haffer, Jűrgen. 1969.” Speciation in Amazonian 
forest birds: most species probably originated in 
forest refuges during climatic periods” Sciences 
165: 131-137.

Henderson, Peter A., William D. Hamilton, and 
William G.R. Crampton. 1998. “Evolution and 
diversity in Amazonian flood plain communities.” 
In Dynamics of Tropical Communities edited 
by David M. Newberry, et al., 385-419. Oxford: 
Blackwell Science.

Hilldebrand, Helmut 2004. “On the  generality 
of the latitudinal diversity gradient.” American 
Naturalist 163: 192-949.

Hilldebrand, Helmut, and Andrey I.  Azovsky. 
2001. “Body size determines the  strength 
of the latidudinal diversity gradient.” Ecography 
24: 251-256.

van den Hoek, Chris. 1975. “Phytogeographic 
provinces along the cost of the North Atlantic 
Ocean.” Phycologia 14: 317-330.

del Hoyo, Joseph, Andrew Elliott, and Jordi Sargatal 
(eds). 1992. Handbook of the Birds of the World. 
Vol. 1, Barcelona: Lynx Edicions.

Hubbell, Stephen P. 2001. The  Unified Neutral 
Theory of Biodiversity and Biogeography. Princeton 
University Press, Princeton.

Hulbert, Allen H., and John P.  Haskell. 2003. 
“The effect of energy and seasonality on avian 
species richness and community composition.” 
American Naturalist 161: 83-97.

Jablonski, David. Konstuv Roy K., and James 
W. Valentine 2006. “Out of the tropics: evolutionary 
dynamics of the latitudinal diversity gradient.” 
Science 314: 102-106.

Janzen, Daniel H. 1967. “Why mountain passes 
are higher in tropics.” American Naturalist 101: 
233-249.

Janzen, Daniel H. 1970. “Herbivores and the number 
of  tree species in tropical forests.” American 
Naturalist 104: 501-613.

Janzen, Daniel H. 1981. “The peak in North American 
ichneumonid species richness lies between 38° 
and 55°N.” Ecology 62: 532-537. 

Janzen, Daniel H., and Caroline M. Pond. 1975. 
“A comparison by sweep sampling of the arthropod 
fauna of  secondary vegetation in Michigan, 
England and Costa Rica.” Transaction of the Royal 
Entomological Society of London 127: 33-50.

Kindlmann, Pavel. 1988. “Extraordinary latitudinal 
gradients in species richness – one example.” 
In Mathematical Ecology, edited by : Thomas 
G. Hallam, Louis J. Gross, and Simon A. Levin, 
149-157. Berlin: Springer Verlag.

Kindlmann, Pavel, Iva Schödelbauerová, and Anthony 
G. Dixon. 2007. “Inverse latitudinal gradients in 
species diversity.” In Scaling Biodiversity, edited 
by David Storch, Pablo A. Marquet and James 
H.  Brown, 246-257. Cambridge: Cambridge 
University Press.

Kneitel, Jamis M. and Thomas E.  Miller. 2002. 
“Resource and top-predator regulation in 
the pitcher plant (Sarracenia purpurea) inquiline 
community.” Ecology 83: 680-688.

Levin, Donald A. 1976. “Alkaloid-bearing plants: 
an  ecogeographic perspective”. American 
Naturalist 110: 261-284.

MacArthur, Robert H., and Wilson Edward O. 1963. 
“An equilibrium theory of insular biogeography.” 
Evolution 17: 373-387.

MacArthur, Robert H. and Wilson Edward O. 1967. 
The Theory of Island Biogeography. Princeton, New 
Jersey: Princeton University Press.

Maitland, Peter S., and Robert N. Campbell. 1992. 
Freshwater Fishes of the British Isles. New York: 
Harper Collins.

Maraun, Mark, Heinrich Schatz, and Stefan Scheu. 
2007.” Awesome or ordinary? Global diversity 
patterns of oribatid mites.” Ecography 30: 209-311.

Marchall, Charles R. 2006. “Fossil record reveals 
tropics as cradle and museum.” Science 314: 66-67.

May, Robert M. 1973. Stability and Complexity in 
Model Ecosystems. Monographs in population 
biology no. 6, Princeton: Princeton University 
Press.

May, Robert M., Angela R. McLean (eds). 2007. 
Theoretical Ecology. Principles and Applications. 
Oxford: Oxford University Press.

Mittelbach, Gary G., Douglas W. Schemske, Howard 
V. Cornell, et al. 2007. “Evolution and the latitudinal 



119Biodiversity Gradients: Is Diversity Greater in the Tropics?

diversity gradient: speciation, extinction and 
biogeography.” Ecological Letters 10: 315-331. 
https://doi.org/10.1111/j.1461-0248.2007.01020.x

Morin, Peter J. 1999. Community Ecology. Oxford: 
Blackwell Science.

Owen, Denis F., and Jenifer Owen. 1974. “Species 
diversity in temperate and tropical Ichneumonidae.” 
Nature 249: 583-584.

Pain, Robert T. 1966. “Food web complexity and 
species diversity.” American Naturalist 100: 65-75.

Pavlov, Dimitrij S. (ed.) 2005. Naucnyje Osnovy 
Sochranienia Bioraznoobrazja Rossiji. Moscow: 
Russian Academy of Sciences.

Phillips, Helen R.P., Carlos P. Guerra, Mariel L.C. 
Bartz et al. 2019. “Global distribution of earthworm 
diversity.” Science 366: 480-485.

Pianka, Eric R. 1966. “Latitudinal gradients in 
species diversity: a review of concepts.” American 
Naturalist 100: 33-46.

Prance, Ghillean T. 1977. “Floristic inventory 
of  the  tropics: where do we stand?” Annals 
of the Missouri Botanical Garden 64: 659-684.

Procter, Denis L.C. 1984. “Toward a biogeography 
of free-living soil nematodes. I. Changing species 
richness, diversity and density with changing 
latitude.” Journal of Biogeography 11: 103-117.

Proctor, John, Jan M. Anderson, Susan C.L. Fogden, 
and Harry W. Vallack. 1983. “Ecological studies 
in four contrasting lowland rain forests in 
Gunung Mulu National Park, Sarawak. I. Forest 
environment, structure and floristics.” Journal 
of Ecology 71, 237-260.

Rapoport, Eduardo H. 1982. Areography: Geographical 
Strategies of Species. Trans. B. Drausal. Oxford, 
New York: Pergamon Press.

Rhode, Klaus 1992. “Latitudinal gradients in species 
diversity: the search for primary cause.” Oikos 
65: 514-527.

Rhode, Klaus 2005. Nonequilibrium Ecology. 
Cambridge: Cambridge University Press.

Richards, P.aul W. 1969. “Speciation in the tropical 
rain forest and the concept of the niche.” Biological 
Journal of the Linnean Society 1: 149-153.

Rosenzweig, Michael L. 1992. “Species diversity 
gradients: we know more and less than we know.” 
Journal of Mammalogy 73: 715-417.

Rosenzweig, Michael L. 1995. Species Diversity 
in Space and Time. Cambridge: Cambridge 
University Press.

Santelices, Barnabé. 1980. “Phytogeographic 
characterization of the temperate coast of Pacific 
South America.” Phycology 19: 1-12.

Shaw, Mark R. 1994. “Parasitoid host range.” In 
Parasitoid Community Ecology, edited by Bradford 
A. Hawkins and William Sheehan, 111 – 144. 
Oxford: Oxford University Press.

Sherratt, Thomas N., and David M. Wilkinson. 2009. 
Big Questions in Ecology and Evolution. Oxford: 
Oxford University Press.

Smith, Henrik G. 1982. “The terrestrial protozoan 
fauna of South Georgia.” Polar Biology 1: 173-179.

Stebbins, G.  Ledyard. 1974. Flowering Plants: 
Evolution Above the  Species Level. Harvard: 
Harvard University Press.

Stehli, Francis G., Robert G. Douglas and Norman 
D. Newell. 1969. “Generation and maintenance 
of gradients in taxonomic diversity.” Science 164: 
947-949.

Stoeck, Thorsten S., Jenifer Kasper, John Bunge, 
Chesley Leslin, Valya Ilyin, and and Slava Epstein 
S. 2007. “Protistan diversity in the Arctic: a case 
of paleoclimate shaping modern biodiversity?” 
PloS One 2(8), e728. https://doi.org/10.1371/journal.
pone0000728.

Storch, David, Pablo A. Marquet P.A., and James 
H. Brown J.H. (eds) 2007. Scaling Biodiversity. 
Cambridge: Cambridge University Press.

Striganova, Bella R. 2009. “Prastranstvennoje 
raspredielenie resursov ziwotnogo nasieloenia 
pocv v klimaticeskih gradientach”. Uspiehy 
Sovremiennoj Biologii 129, 6: 538-549.

Striganova, Bella R., and Nadezda M. Poriadina. 
2005. Zivotnoje Nasielenie Pocv Borealnyh Lesov 
Zapadno-Siberijskoj Ravniny. Moscow: KMK.

Thomas, Wm. Wayt, and André M. de Carvahlo. 
1993. “Estudo fitosociologico de Serra Grande, 
Uruçuca, Bahia, Brasil.” XLIV Congresso Nacional 
de Botânica, São Luis, 24-30 de Janeiro de 1993, 
Resumos 1: 224. Sociedade Botânica do Brasil, 
Universidade Federal de Maranhão.

Tokeshi, Mutsunori. 2009. Species Coexistence, 
Ecological and Evolutionary Perspectives. New 
York: John Wiley & Sons.

Terborgh, John, Scot K. Robinson, Theodore A. Parker 
III, Charles A. Munn, and Nina Pierpoint. 1990. 

“Structure and organization of an Amazonian 
forest bird community.” Ecological Monographs 
60: 213-238.



120K.Kowalczyk, J. Uchmański

Valdovinos, Claudio, Scott K. Navarrete, and Pablo 
A. Marquet. 2003. “Mollusk species diversity in 
the southern Pacific: why are there more species 
toward the pole?” Ecography 26: 139-144.

Vincke, Sofie, Nick Gremmen, Louis Beyens L., and 
Bart Van der Vijver B. 2004. “The moss dwelling 
testacean fauna of Île de la Possession.” Polar 
Biology 27: 753-766.

Vincke, Sofie, Bart Van der Vijver, Nick Gremmen, 
and Louis Bayens. 2006. “The moss dwelling 
testacean fauna of the Strømnness Bay (South 
Georgia).” Acta Protozoologica 45: 65-75.

Weiner, January. 2020. Życie i Ewolucja Biosfery. 
Podręcznik Ekologii Ogólnej. Warszawa: 
Wydawnictwo Naukowe PWN.

Whittaker, Robert H. 1965. “Dominance and diversity 
in land plant communities: numerical relations 
of species express the importance of competition 
in community function and evolution” Science 
147: 250-260.

Wiens, John J., and Catherine H. Graham. 2005. 
“Niche conservatism: integrating evolution, 
ecology, and conservation biology.” Annual Review 
of Ecology, Evolution and Systematics 36: 519-539.

Wilson, Edward O. 1991. “The high frontier.” National 
Geographic 180, 6: 78-107.


