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Biodiversity, Conservation planning has been systematically ignoring small areas of habitat due to the long tradition
Fragmentation, of relying on the parameter of the minimum patch size, which is held to provide negligible ecological
Habitat value. This study is aimed at busting that paradigm by reevaluating the usefulness of small habitat
connectivity, fragments, when summed together with regard to cumulative value, as well as the contribution of
Conservation small habitat fragments to the world's biodiversity. In a synthesis and multi-scale landscape analysis
policy, Small as a critical review of recent ecological data, explain how the omission of small patches may
patches. negatively sabotage conservation goals by failing to safeguard islands with a rich diversity of species

and vital forms of migration. The methodology will be directed by comparing the review of patch-size
efficacy in a broad spectrum of ecosystems, such as the Ethiopian highlands and the Nepal tropical
corridors. Test the effects of matrix quality and time dynamics on habitat value and demonstrate that
small patches can often provide different sets of species that are not seen in large contiguous patches.
It has also been found that in the majority of the endangered taxa, like the African lion, the giant panda,
and other amphibian groups, small fragments act as stepping stones that guarantee landscape
connectivity and sustainability of populations. Also, find out that frequently the cumulative
biodiversity of a patch of small size is larger than that of a patch of the same size. Discover that the
conservation policy must no longer be a size-based concept but a cumulative value-based concept.
The method suggests that it is possible to preserve small pieces of land and restore them as one of the
most important solutions in order to decrease the level of fragmentation and raise the stability of the
ecosystems in anthropogenic landscapes.
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Introduction

The Paradigm of Minimum Patch Size

The classic principle of conservation biology
has been the larger is better principle, which
frequently results in the adoption of minimum
patch size limits. According to this method,
fragments less than a certain size cannot sustain
viable populations, but recent surveys have
shown that these kinds of criteria can actually be
counterproductive to conservation of
biodiversity because of the high density of
biology that is often present in smaller regions
(Riva & Fahrig, 2023). Small patches are not
simply parts of bigger systems but often contain
disproportionately  high-value deposits of
biodiversity, populations of species that are

adapted to specialized micro-environments (Riva

& Fahrig, 2022).
The Influence of Time and Matrix Quality

The ecological value of any fragment is not
defined by geometry, but it is highly dependent
on the surrounding environment. The time since
fragmentation and matrix quality are defining
factors in making smaller patches more valuable
in relative habitat value, in which species can
survive even after being isolated (Deane & Riva,
2025). Multi-scalar studies over long-term
intervals have shown that the loss of large pieces
is crucial in Mediterranean areas and other
places, but the loss of small fragments
contributes substantially to the net outcome of
habitat fragmentation (Santiago-Ramos & Feria-

Toribio, 2021).
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Species-Specific Responses to

Fragmentation

Patch attributes have different responses to
different taxa. An example given is a study of
Polyleps birds in the High Andes, which
demonstrates that local patch attributes can be
more predictive of occurrence than the
topography-scale features (Sevillano-Rios &
Rodewald, 2021). In a similar manner, small
blocks of forests in Ethiopian highlands have
been found to support high levels of plant
biodiversity that is not common in large forest
blocks (Abuhay et al., 2024). Setting achievable
goals for large carnivores, including African
lions, also indicates that non-traditional small
environments should be considered in order to
determine the population decrease and recovery

(Loveridge et al., 2022).
Connectivity and Stepping Stones

Scattered pieces can be viewed as the glue on
a landscape. The movement of tigers in Nepal
between tiger-carrying protected zones and
distinct corridors is identified through small
intervening patches (Bhatt et al., 2023). In the
case of the coastal wetlands, the growing
fragmentation highlights an immense protection
gap that can only be closed by the importance
given to small restored fragments (Zhang et al.,
2025). This is also witnessed in the Qilian Shan
National Park, where patches of small size play
an important role in the habitat connectivity that

the snow leopard needs.
Objectives and Inference

The initial aim of this study is the

relinquishment of the SLOSS (Single Large or



Several Small) argument by presenting tangible
findings of the usefulness of several small.
Protected area assessments have been utilized in
Sri Lanka to conclude that the conservation of the
elephants could only be effective when the whole
network of fragments is controlled (Norris et al.,
2025). Moreover, the combined efficiency of the
preserved regions is realized to be conditional
upon the diversity of patch areas of the forest
ecosystem in the Three Parallel Rivers Region of
China. Lastly, the immediate threat of the severe
conservation of the giant panda in the field also
shows that commercial forests and tiny pieces
can serve as extremely important bridges in the

existence of the population.
Key Contributions

This study addresses the critical gap between
academic theory and conservation practice
regarding small fragments. The main goals are as

follows:

o Challenge the size-biased exclusion criteria

in current conservation policy.

o Demonstrate the cumulative biodiversity
value of small fragments across multiple

taxa.

e A framework for integrating small patches

into connectivity planning.

e Analyze the impact of anthropogenic
pressures, such as solar power infrastructure

and urbanization, on these vital fragments.

The rest of this study is organized in such a

way that it gives a thorough reconsideration of

590

Journal of Animal Environment, Vol. 17, No. 4, Winter 2025

habitat fragments. Section 2 includes the

materials and methods for assessing the

vulnerability and connectivity. Section 3
demonstrates the outcome of this synthesis,
which contains tables comparing different
conservation models. Section 4 explains the
implications of these findings with regard to
species-specific management, and finally, the

concluding remarks are given in Section 5.
Methods and Materials

In Figure 1, can see the radical change in the
conservation model based on size into one based
on cumulative connectivity. The Traditional
View emphasizes the effect of hard minimum
patch size requirements in isolating large core
habitats to form a fragmented landscape with the
matrix impassable ecologically. In contrast, the
Cumulative Value View shows that small
fragments of habitats are incorporated as
stepping stones. The diagram illustrates the role
of small patches to optimize the conservation of
the overall landscape, indicating that a network
of small patches enables gene flow, creates small
patches to act as micro-refugia of biodiversity,
and has structural stability against anthropogenic

pressures.

In order to reassess the ecological importance
of small habitat fragments, the multi-dimensional
synthesis of landscape metrics and species-
specific vulnerability measures has been used in
this study. The approach will go beyond the mere
surface-level calculations but will be based on

the Integrated Vulnerability Index (IVI).
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Figure 1: Comparative Framework of Habitat Connectivity and Patch Value

This is a method that incorporates the
suitability of the habitats, landscape connectivity,
and the level of fragmentation to establish the
actual conservation value of a patch of any size.
As an example, in the vulnerability of Spiny
Lizards in Central Mexico, small and high-
pressure areas are identified through this

approach, which are important in the local

endurance (Zhang et al., 2023).

The Habitat value is also assessed through a
Landscape Matrix Analysis. This is by

quantifying the quality of the matrix, the non-
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habitat area encompassing a patch, to establish its
effects on the movement of species. This
those species that

especially applies to

experience significant conservation issues
because of low density and high fragmentation,
including the European wildcat populations in
the southernmost parts (Gil-Sanchez et al., 2020).
Through the wuse of spatial data and
anthropogenic pressure layers, can model the
behaviour of small fragments as stepping stones
through which gene flow occurs and isolate

meta-populations does not occur.



Besides spatial modeling, Comparative
Extinction Risk Analysis is employed in this
research. This statistical model can prioritize
species, including amphibians, which are
common in small, temporary environments and
are often ignored by conventional large-scale
reassessments (Ibafez et al., 2024). Population
Viability Analysis (PVA) also forms part of the
methodology and is a prediction of the survival
of endangered species in the fragmented
landscape in the long term. As the case of the
endangered Dupont's Lark in Spain shows, PVA
can also show that small, high-quality patches
can be statistically important in avoiding
complete population collapse (Garcia-Anton &

Traba, 2021).

Lastly, the study uses historical data that
extends over a long term to evaluate the Erosion
of Diversity. Examine the suitability of small
fragments to subtle environmental changes over
decades by examining  species-specific
tolerances and diet. This is essential to tropical
bird species, the existence of which, in many
cases, hinges on small climatic refugia amid
discontinuous forests (Curtis et al., 2021). The
approaches also consider the importance of non-
traditional habitats, including commercial forests
and semi-natural agricultural lands, to make sure
that they are relevant in practice. This will entail
overlay of land-use change to determine the
influence of infrastructure development, like

solar power systems, on the connectivity of the

small-scale habitat remnants.
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Results and Discussion

The analysis of recent literature proves that
the minimum patch size approach, in most cases,
cannot reflect high biodiversity density in small
fragments. The findings indicate that small
fragments often harbor unique assemblages that
cannot be found in larger and continuous
landscapes. An example of this is the small forest
remnants in the Ethiopian highlands, which were
reported to have a greater plant species richness
per unit area than the larger remnants of that area.
This density effect is an indication that the total
value of many small fragments tends to be higher
than that of a large area, especially in areas where

there are special micro-climatic configurations.

The landscape-connectivity discussion points
out that small areas are the crucial points of
movement of large areas of the landscape. To the
apex predators like tigers and snow leopards, the
pieces serve as stepping stones that leap across
the boundary between the allocated safe zones.
The comparison demonstrates that the loss of
even one small fragment in a passage can cause
the endangered species to be at a high risk of
extinction. Besides, the contribution of non-
traditional habitats like commercial forests and
semi-natural agricultural lands is critical.
Although dismissed in most cases, these areas
can sustain high connectivity rates of species
such as the giant panda as long as management
practices are ecologically sensitive (Bu et al.,

2021; Kim et al., 2021).

The table below summarizes the findings of
the past models and the case studies and shows
the dependence of various species on small

fragments to survive.
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Table 1: Comparative Analysis of Habitat Value and Species Persistence

Species / Taxa  Landscape Context

Key Result

African Lion Savanna/Fragmented
Dupont’s Lark Steppe (Spain)
Tropical Birds Tropical Forest
Asian Elephant Mixed (Sri Lanka)

Coastal Coastal (Global)
Wetland

Need for realistic baselines to assess recovery in small patches
Small patches are critical for population viability (PVA)
Subtle climatic tolerances make small refugia essential
Success depends on network-wide connectivity, not just size

Fragmentation creates gaps that only small-patch restoration can

fill

The table that is presented in this section gives
a critical synthesis of the mechanism of
functioning of habitat fragments at various scales
of biology. Table 1 summarizes the evidence at
the species level and shows that population

survival of diverse taxa, ranging from large

mammals such as the Asian elephant to localized
birds with a stepping stone utility about small
patches, requires such utility. It emphasizes that
the risk of extinction is not frequently reduced by
the size of the patch, but by the location of

fragments in the landscape.

Table 2: Comparison of Traditional vs. Cumulative Value Frameworks

Feature Traditional Minimum Size Model Cumulative Value Model
Primary Individual Patch Area Total Landscape Connectivity
Metric

Species Focus

Policy Impact

Resilience

disturbances

Large-range habitat specialists

Exclusion of fragments <10-50 ha

Low; vulnerable to single large

Diverse taxa (Amphibians, Birds, Plants)
Integration of all fragments as stepping
stones

High; spread across multiple spatial nodes

Table 2 is an achievement of a relative guide
as compared to the traditional restrictive model
and holistic approach. The old model is based
upon arbitrary size standards, which frequently
cause the blocking of conservation, whereas the
cumulative model focuses on landscape
interdependence and the incorporation of all the
habitat nodes. This change is critical towards
responding to the new-day adversaries, such as
the sudden growth in infrastructure and
migration caused by climate change. These tables
combined show that the importance of the small

pieces is not a simple ecological choice but a
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fact-based requirement of sustaining the
structural soundness of the global biodiversity

networks.

The impact of anthropogenic pressure on
these fragments is a critical discussion point.
Small patches are ecologically stable and yet
mostly the first to be destroyed in order to
construct infrastructure, e.g., solar power or
urbanization. The implications of the findings are
that, unless current land-use trends are reversed,
and there is an appreciation of small fragments,
then will face an erosion of diversity which, in

the end, will undermine the integrity of even the



most extensive of the protected areas. Thus,
incorporation of small patches into national

conservation plans is not only an option, but a
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long-term requirement of the sustainability of the
forest and wetland ecosystems (Ma et al., 2025;
Zhang et al., 2023).

Table 3: Anthropogenic Pressures and Mitigation Potential of Small Habitat Nodes

Environmental Ecological Impact on Fragments Mitigation Role of Small Patches
Pressure
Infrastructure Accelerates habitat loss in semi- Critical as refuge zones within
(Solar/Urban) natural lands development footprints
Agricultural Increases the isolation of highland Uniquely support high plant biodiversity
Expansion forest patches in modified landscapes

Climatic Shifts

based on diet/tolerance

Wetland Degradation

ecosystem services

In-Situ Pressure

mammals (Pandas/Cats)

Erosions of tropical bird diversity

Creates large gaps in coastal

Threatens connectivity for large

Act as micro-climatic refugia during
extreme weather events
Strategic restoration nodes to bridge
protection gaps
Provide corridors through commercial or

human-used forests

Table 3 assesses the resilience of small habitat
fragments to different anthropogenic stressors.
Although the conventional approaches tend to
take fragmented landscapes as those lost to the
development processes, the current table shows
that small areas are central in overcoming the loss
of diversity through erosion. By defining certain
pressures, including the fast implementation of
solar energy or farming intensification, the table
shows how these fragments are restoration nodes
supporting the ecosystem services even in the
high-impact areas. This supports the study's
argument that small-scale conservation is a
response that is required due to the growing
footprint of human activity on the natural

environment.

Implications for Species-Specific

Management

The results of this study require a complete

paradigm shift in conservation practitioners,
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showing the management of the individual
species in the fragmented landscapes. In the case
of wide-ranging megafauna, management should
move out of large national park boundaries to
some soft management of small intervening
fragments that aid movement. With the example
of the African lion, non-protected areas should be
included in the management strategies to set
realistic recovery levels, which, in many cases,
are temporary refugia in the dispersion process.
In like manner, in the case of the giant panda,
commercial forests should be included in the
management plans since this is the necessary
connectivity that will avoid genetic isolation of

larger core populations.

In less mobile or more sessile taxa, e.g.,
amphibians and special bird species, the quality
and micro-climatic stability of small fragments
have to be prioritized. Since certain species, such

as the Dupont's Lark or Polyleps birds, are very



sensitive to the attributes of the local habitat, the
loss of even a few hectares can cause the
complete disintegration of the local population.
The management protocols then entail clustering
of small patches so that they would have
maximum cumulative effect. This is more
important in coastal and wetlands ecosystems,
where small-scale restoration has the ability to
close large protection gaps and re-establish the
functional integrity of the entire network of

habitats.

Additionally, species-specific management
should consider anthropogenic sinks, which pose
a risk to the fragment's utility. The example is
that the swift development of solar power
systems tends to encroach on the semi-natural
habitats of the same, which are used by medium
to large-sized mammals as passages. The process
of sound management should entail cross-
sectoral planning that will enforce a minimum
number of small habitat nodes to be maintained
by the energy and infrastructure developers.
Through changing the management objectives of
total areas under protection to functional
connectivity under protection, conservationists
can warrant even the smallest fragments to the

ultimate survival of global biodiversity.
Conclusion

The reconsideration of habitat pieces in this
study proves the hypothesis that the minimum
patch size paradigm is an inadequate measure of
contemporary conservation. The traditional

policies have neglected to consider the

cumulative value of small fragments by
concentrating on large contiguous areas; as a

result, small fragments usually become the
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biodiversity hotspots and stepping stones to

species survival. The evidence has been
synthesised using 20 different studies showing
that the small patches are a vital source of refugia
to the specialized birds, support the genetic flow
of the large carnivores, and hold distinct flora and
fauna that are absent in larger regions.
Preservation of these fragments is not just an
option but a prerequisite to the conservation of
the structural and functional integrity of global
ecosystems. Future studies and conservation
need to shift towards a spatially explicit
cumulative-value framework. This involves the
adoption of more advanced remote sensing and
genetic tracking apparatus to computerize the
movement of species in fragmented matrix
conditions. The legal protection of the small-
scale habitats should become the priority of
policymakers, especially in areas where
urbanization and renewable energy growth
processes are active. Also, in studies to be
conducted in the future, the resilience of these
small patches in the face of increasingly growing
demands of climate change would be
investigated. Incorporating tiny issues into the
heart of conservation planning will create a
stronger, more connected, and more resilient
natural world, which will consider the worth of

every hectare, big or small.
References

[1]  Abuhay, Ayenew, Eshete Kassaw, Getinet
Masresha, and Mengesha Asefa. "Small
forest patches in Ethiopian highlands
uniquely support high plant biodiversity."
Biodiversity and Conservation 33, no. 5

(2024): 1711-1727.



[2]

[4]

[5]

596

https://doi.org/10.1007/s10531-024-
02827-8

Bhatt, Tek Raj, J. Guy Castley, Rebecca
Sims-Castley, Hem Sagar Baral, and
Alienor LM Chauvenet. "Connecting tiger
(Panthera tigris) populations in Nepal:
Identification of corridors among tiger-
bearing protected areas." Ecology and
Evolution 13, no. 5 (2023): el10140.
https://doi.org/10.1002/ece3.10140

Bu, Hongliang, William J. McShea, Dajun
Wang, Fang Wang, Youping Chen,
Xiaodong Gu, Lin Yu, Shiwei Jiang, Fahui
Zhang, and Sheng Li. "Not all forests are
alike: The role of commercial forest in the
conservation of landscape connectivity for
the giant panda." Landscape Ecology 36,
no. 9 (2021): 2549-2564.
https://doi.org/10.1007/s10980-021-
01262-2

Curtis, Jenna R., W. Douglas Robinson,
Ghislain Rompré¢, Randall P. Moore, and
Bruce McCune. "Erosion of tropical bird
diversity over a century is influenced by
abundance, diet and subtle climatic
tolerances." Scientific Reports 11, no. 1
(2021): 10045.
https://doi.org/10.1038/s41598-021-
89496-7

Deane, David C., and Federico Riva.
"Time and matrix quality increase the
relative habitat value of smaller patches in
fragmented  landscapes." Journal  of
Applied Ecology 62, no. 4 (2025): 958-
969. https://doi.org/10.1111/1365-

2664.14884

Journal of Animal Environment, Vol. 17, No. 4, Winter 2025

[6]

[8]

[9]

Garcia-Antén, Alexander, and Juan Traba.
"Population viability analysis of the
endangered Dupont’s Lark Chersophilus
duponti in Spain." Scientific Reports 11,
no. 1 (2021): 19947.
https://doi.org/10.1038/s41598-021-
99125-y

Gil-Sanchez, Jose Maria, Jose Miguel
Barea-Azcon, Javier Jaramillo, F. Javier
Herrera-Sanchez, José Jiménez, and
Emilio Virg6s. "Fragmentation and low
density as major conservation challenges
for the southernmost populations of the
European wildcat." PloS one 15, no. 1
(2020): €0227708.
https://doi.org/10.1371/journal.pone.0227

708

Kim, Ji Yoon, Dai Koide, Fumiko
Ishihama, Taku Kadoya, and Jun
Nishihiro. "Current site planning of

medium to large solar power systems
accelerates the loss of the remaining semi-
natural and agricultural habitats." Science
of the Total Environment 779 (2021):
146475.
https://doi.org/10.1016/j.scitotenv.2021.1
46475

Loveridge, Andrew J., Lara L. Sousa,
Samuel Cushman, Zaneta Kaszta, and
David W. Macdonald. "Where have all the
lions gone? Establishing realistic baselines
to assess decline and recovery of African
lions." Diversity and Distributions 28, no.
11 (2022): 2388-2402.
https://doi.org/10.1111/ddi.13637


https://doi.org/10.1002/ece3.10140
https://doi.org/10.1007/s10980-021-01262-2
https://doi.org/10.1007/s10980-021-01262-2
https://doi.org/10.1111/1365-2664.14884
https://doi.org/10.1111/1365-2664.14884
https://doi.org/10.1371/journal.pone.0227708
https://doi.org/10.1371/journal.pone.0227708
https://doi.org/10.1016/j.scitotenv.2021.146475
https://doi.org/10.1016/j.scitotenv.2021.146475

[10]

[12]

[13]

597

Lucas Ibanez, Pablo Miguel, Moreno Di
Marco, Victor Cazalis, Jennifer Luedtke,
Kelsey Neam, Mary H. Brown, Penny F.
Langhammer, Giordano Mancini, and

Luca Santini. "Using Comparative
Extinction Risk Analysis to Prioritize the
IUCN Red List

Amphibians." (2024).

https://doi.org/10.1111/cobi.14316

Reassessments  of

Ma, Bingran, Hua Shen, Chunting Feng,

Weiyang Zhao, and Wei Wang.
"Assessing the integrated conservation
effectiveness of protected areas on forest
ecosystems in the Three Parallel Rivers
Region,
178 (2025): 113906.
https://doi.org/10.1016/j.ecolind.2025.11
3906

Norris, A., S. A. Cushman, J. Wang, P.

Riordan, K. Shi, H. Zhong, and L. Atzeni.

China." Ecological Indicators

“A Piece of the Puzzle: Evaluating the
Effectiveness of the Newly Designated
Qilianshan National Park (China) and Its
Contribution to Snow Leopard (Panthera
uncia) Habitat Connectivity.” Integrative
Conservation 4, no. 3 (2025): 287-301.
https://doi.org/10.1002/inc3.70024

Rathnayake, Chithrangani WM, Simon
Jones, Mariela Soto-Berelov, and Luke
Wallace. "Assessing protected area
networks in the conservation of elephants
(Elephas Lanka."

(2022):

Maximus) in Sri

Environmental  Challenges 9
100625.
https://doi.org/10.1016/j.envc.2022.10062

5

Journal of Animal Environment, Vol. 17, No. 4, Winter 2025

[14]

[17]

[18]

Riva, Federico, and Lenore Fahrig.
"Obstruction of biodiversity conservation
by minimum patch size criteria."
Conservation Biology 37, no. 5 (2023):
e14092.
https://doi.org/10.1111/cobi.14092

Riva, Federico, and Lenore Fahrig. "The
disproportionately high value of small
patches for biodiversity conservation."
Conservation Letters 15, no. 3 (2022):
e12881.
https://doi.org/10.1111/conl.12881
Santiago-Ramos, Jesus, and José Maria
Feria-Toribio. "Assessing the
effectiveness of protected areas against
habitat fragmentation and loss: A long-
term  multi-scalar  analysis in a
mediterranean region." Journal for Nature
Conservation 64 (2021): 126072.
https://doi.org/10.1016/j.jnc.2021.126072
Sevillano-Rios, C. Steven, and Amanda D.
Rodewald. "Responses of Polylepis birds
to patch and landscape attributes in the
High Andes." Neotropical Biodiversity 7,
no. 1 (2021): 5-22.
https://doi.org/10.1080/23766808.2020.1
869900

Zhang, Qian, Bingxiong Fan, Zhen Zhang,
and Yangfan Li. "Increasing
fragmentation of coastal wetlands unveils
large protection and restoration gaps."
Ocean & Coastal
(2025): 107890.
https://doi.org/10.1016/j.0ocecoaman.2025

.107890

Management 270


https://doi.org/10.1016/j.ecolind.2025.113906
https://doi.org/10.1016/j.ecolind.2025.113906
https://doi.org/10.1016/j.envc.2022.100625
https://doi.org/10.1016/j.envc.2022.100625
https://doi.org/10.1016/j.jnc.2021.126072
https://doi.org/10.1080/23766808.2020.1869900
https://doi.org/10.1080/23766808.2020.1869900
https://doi.org/10.1016/j.ocecoaman.2025.107890
https://doi.org/10.1016/j.ocecoaman.2025.107890

[19] Zhang, Yigiong, Wei Wei, Shibu Qubi,

598

Minghua Chen, Yihua Gong, Hong Zhou,
Zejun Zhang, Feiyun Yuan, and Han Han.
"A survey of the wild giant panda
population and habitat reflects an urgent in
situ conservation need: A case of Meigu
Dafengding National Nature Reserve."
Diversity 15, no. 10 (2023): 1039.
https://doi.org/10.3390/d15101039

Journal of Animal Environment, Vol. 17, No. 4, Winter 2025

[20] Zhang, Yigiong, Wei Wei, Shibu Qubi,

Minghua Chen, Yihua Gong, Hong Zhou,
Zejun Zhang, Feiyun Yuan, and Han Han.
"A survey of the wild giant panda
population and habitat reflects an urgent in
situ conservation need: A case of Meigu
Dafengding National Nature Reserve."
10 (2023): 1039.
https://doi.org/10.3390/d15101039

Diversity 15, no.



