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Abstract

Forests are the leading ecosystems that are under threat due to the pressure of global change. Being under pressure for a
forest ecosystem means fragmented and isolated habitats, decrease in biodiversity and change in the landscape. In recent
years, restoring landscape connectivity by minimising landscape fragmentation has been recognised as a key strategy to
conserve biodiversity. Well-connected habitat networks are thought to both protect existing populations and help
adaptation under climate change. It is therefore priority to understand how best to maintain and develop connectivity in
fragmented landscapes at multiple spatial scales for effective conservation of forest biodiversity. In this study,
fragmentation analysis was performed using area, edge, and isolation metrics in the forest matrix in the Rize landscape
and connectivity corridors were interpreted to manage the impact of this fragmentation on species and habitats. The
fragmentation analysis was carried out on 3 classes as broad-leaved, coniferous, and mixed using land cover/land use data
with the years 1990-2018. The connectivity corridors between these classes were analysed using core area data and
resistance maps. According to the results; it was observed that fragmentation in broad-leaved and coniferous classes and
an increase in mixed forest class. In the connectivity analysis it was observed that the limiting effects arising from human
activities increased more in 2018 compared to 1990. The results of this study showed that in a fragmented forest matrix,
connectivity corridors can be identified and reconstructed the conditions necessary for the survival of biodiversity

Keywords: Landscape planning, Landscape corridors, Forest ecosystem, Landscape connectivity, Fragmentation, Biodiversity.

Parcalanmis Bir Orman Ekosisteminde Biyocesitliligi Desteklemek Icin
Baglantilhk Yasamsal Bir Oneme Sahiptir: Rize icin Bir Analiz

Oz

Kiiresel degisim baskisi nedeniyle tehdit altinda olan ekosistemlerin basinda ormanlar yer almaktadir. Orman
ekosisteminin baski altinda olmasi, parcalanmis ve izole olmus habitatlarin olusmasi, biyogesitliligin azalmasi ve peyzajin
degismesi anlamina gelmektedir. Son yillarda, peyzaj parcalanmasinin en aza indirilerek peyzaj baglantisinin yeniden
saglanmasi, biyolojik cesitliligi korumaya yonelik anahtar bir strateji olarak kabul gormiistiir. Aralarinda iyi baglanti
kuran habitat aglarinin hem mevcut popiilasyonlar1 korudugu hem de iklim degisikligi altinda adaptasyona yardimci
oldugu diistintilmektedir. Bu nedenle orman biyocesitliliginin etkili bir sekilde korunmasi icin birden ¢cok mekansal
Olcekte parcalanmis peyzajlarda baglantinin en iyi nasil korunacagini ve gelistirilecegini anlamak onceliklidir. Bu
calismada, Rize peyzajindaki orman matrisinde alan, kenar ve izolasyon metrikleri kullanilarak pargalanma analizi
yapilmis ve bu parcalanmanin tiirler ve habitatlar {izerindeki etkisini yonetmek amaciyla baglanti koridorlar
yorumlanmustir. Pargcalanma analizi, 1990-2018 yillarin1 kapsayan arazi ortiisii/arazi kullanimi verisi kullanilarak genis
yaprakli, igne yaprakli ve karigik olmak tizere 3 sinif iizerinde yapilmistir. Bu smiflarin birbirleri arasindaki baglanti
koridorlar1 ise ¢ekirdek alan ve direng haritalart kullanilarak analiz edilmistir. Sonuglara gére; genis yaprakli ve igne
yaprakli orman smiflarinda pargalanma oldugu, karisik orman smifinda ise artis oldugu gozlenmistir. Baglantililik
analizinde ise, insan faaliyetlerinden kaynaklanan sinirlayict etkilerin 1990 yilina goére 2018 yilinda daha da arttig1
gbzlenmistir. Bu ¢aligmanin sonuglari, parcalanmig bir orman matrisinin, baglant1 koridorlar: tespit edilerek biyolojik
cesitliligin ve tiirlerin devamu i¢in gerekli olan sartlarin yeniden yapilandirilabilecegini gostermistir.
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1. Introduction

Forest fragmentation alters not only the dynamics and biological cycles of the forest stand, but
also the microclimate within forest patches, promoting the reproduction, and growth of invasive and
pioneer species (Alohou, Gbemavo, Mensah, & Ouinsavi, 2017; Liu et al., 2019). Most of the recent
studies(Fynn & Campbell, 2019; Kang & Choi, 2013) show that fragmentation creates edges by
increasing isolation and has serious impacts on natural ecosystems/habitats by reducing the core areas
of the habitat. The process of forest fragmentation caused by human activities such as transformation
of forests into agricultural areas and urbanisation is considered to be the most important factor
contributing to the reduction and extinction of species diversity worldwide (Bogaert et al., 2011;
Forman, 1995). The three main effects of forest fragmentation are reduction in size (areal) of
remaining forest patches, loss of connectivity with increased isolation, and increased edge effects
(Ewers & Didham, 2006; Forman, 1995; Saunders, Hobbs, & Margules, 1991; Zurita, Pe’er, Bellocq,
& Hansbauer, 2012). Therefore, forest fragmentation indices/metrics serve as spatial indicators for
assessing the health of forest ecosystems and are considered biodiversity indicators (Garcia-Gigorro
& Saura, 2005). At the same time, these indices/metrics are important for assessing whether critical
components/functions of forests are maintained over time (Bogaert et al., 2008; McGarigal &
Cushman, 2002). Studies on the effects of forest fragmentation (Liu et al., 2019; Peh, Yangchen,
Luke, Foster, & Turner, 2014; Zipkin, DeWan, & Andrew Royle, 2009) show that the effects can be
divided into three main groups: 1) Area effects, 2) Edge effects, 3) Isolation effects.

On motile organisms, such as forest species (rare species), trees that are sparsely or irregularly
distributed in the forest, and many invertebrates, are not included in the areas remaining after
fragmentation when large patches in the forest are divided into smaller fragments (Wilcox & Murphy,
1985). Species that require large areas of habitat (large animals, carnivores, etc.) are vulnerable to the
reduction in habitat areas caused by forest fragmentation and may disappear completely from forest
habitat when food or other resources are insufficient to feed them (Wilkinson, Marshall, French, &
Hayman, 2018; Zipkin et al., 2009; Zuidema, Sayer, & Dijkman, 1996). This causes the loss of
biological diversity. Even smaller species can be affected by the fragmentation of forest areas and
their areal reduction in size. Other surviving species may split up into smaller populations over time,
leaving them vulnerable to ecological changes such as disease (Laurance, Ferreira, Rankin-de
Merona, & Laurance, 1998). Smaller forests are mean less environmental changes and the presence
of a large number of species. A proportional change in the nature of natural regimes and regeneration
processes is among the spatial effects of forest fragmentation (Laurance et al., 1998). Another
important effect of forest fragmentation is from the creation of interfaces in non-forest environment.

These interfaces are associated with environmental gradients resulting from forest edge exposure to
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winds and increased solar radiation (Camargo & Kapos, 1995). Physical gradients lead to crown
formation, biomass and nutrient cycling, regeneration, and ecological processes that can affect native
species. Fragmentation also causes the frequency of forest patch edges to increase. Edge effects are
observed when two different types of land cover are adjacent and both types are sufficiently different
in structure (Forman, 1995). The magnitude of the edge effect in forest fragments can be strongly
influenced by the land cover characteristics and matrix characteristics of other surrounding
landscapes. Since the edge effect is a dynamic structure, its scope and size also varies over time
(Forman, 1995; Kolasa & Zalewski, 1995). Measuring these effects provides an understanding of the
human effects on the landscape. Other main effects of forest fragmentation are seen by the separation
of forest fragments both from each other and from large fragments (isolation). Thus isolation reduces
the movement of species that cannot cross non-forest areas and other species that depend on these
species for dispersal. Reduced movement and dispersal also increase the likelihood of local extinction
of individual species as it means a source of colonisation and a lack of breeding structure. Isolation
of fragments also negatively affects the genetic affinity of some trees by reducing the width of the
local gene pool for cross/fertilisation (Nason, Alrich, & Hamrick, 1997). Although the responses to
all these impacts differ between species, it makes it easy to make predictions about the potential
impacts of fragmentation on any particular forest ecosystem. One of the strategies implemented to
restore the link between habitats, species, and patches in the management of fragmented landscapes
is the creation of landscape connectivity corridors (Brudvig, Damschen, Tewksbury, Haddad, &
Levey, 2009). Landscape connectivity is defined as the degree to which the landscape facilitates or
inhibits movement between source patches (Taylor, Fahrig, Henein, & Merriam, 1993). Connectivity
is considered as a key issue for preserving biodiversity and maintaining the stability and integrity of
natural ecosystems (Alohou et al., 2017; Benitez-Malvido & Arroyo-Rodriguez, 2008; Bogaert et al.,
2011; Damschen et al., 2019; Damschen, Haddad, Orrock, Tewksbury, & Levey, 2006).

In recent years, the destruction of the forest ecosystem, which is under pressure by human
interventions, has been the pioneer of natural disasters of different scales in Rize. For this reason,
analysing the fragmentation situation in the forest ecosystem in Rize province, maintaining the
ecological flow and minimising possible natural disasters by ensuring the connection between the
fragmented/isolated regions is an important issue. In this study, the fragmentation in the forest matrix
in the Rize landscape was measured using area, edge, and isolation metrics and the connectivity
corridors were analysed in order to manage the impact of this fragmentation on the species and
habitat. In the study, the fragmentation process that occurred in forest matrix (broad-leaved,
coniferous, and mixed) between two different years was analysed by using the land cover/land use
data 1990-2018. In the analysis, total of 9 metrics was used, 4 from area metrics, 2 from edge metrics,

and 3 from isolation metrics. As a result of the analysis, fragmentation was observed in broad-leaved,
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and coniferous classes in the forest matrix, and an increase in the percentage values of the mixed
forest class both in the class area and in the landscape was detected. In terms of connectivity, potential
connectivity in 1990 further limited the linkage of species in the landscape by 2018 due to changes
in land cover/land use. The holistic evaluation of the methods applied in this study will contribute to
the establishment of a conceptual framework in planning and management studies to be applied for
the continuity of biological diversity by clarifying the relationship between forest fragmentation and

landscape connectivity.
2. Materials and Methods
2.1. Material

Rize is located in the Eastern Black Sea Region of Turkey, at 41.0255 north, and 40.5177 south
latitudes (Figure 1). The total forest area of the province is 178.949 ha and 105.737 ha of this area is
defined as fertile forest area (OGM, 2020) (Figure 2).

Figure 1. Geo-location of Rize.

Forest Land (ha)
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'383.729

= Fertile forest land (ha) = Degraded forest land (ha)
= Total forest land (ha) = Deforested land (ha)
General land (ha)

Figure 2. Amount of forest land in Rize.
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2.2. Methods

The method of this study was carried pot in two stages. In the first stage, forest areas were
sorted into broad-leaved forest, coniferous forest, and mixed forest classes from the CORINE
(Copernicus, 2020) land cover/land use data for the years 1990 and 2018 and Fragstats 4.2 programme
(McGarigal, Cushman, & Ene, 2012) was used for fragmentation analysis. In the analysis, 8-cell
neighbourhood parameter was applied in 4 area indices, 2 edge indices, and 3 isolation indices (Table

1). Class metrics were chosen as the sampling strategy.

Table 1. Fragmentation indices used in this study by Fragstats (McGarigal et al., 2012).

Indice/Metric Remark Measurement
CA Class Area Area (ha)
NP Number of Patches Area (-)
PLAND Percentage of Landscape Area (%)
LPI Largest Patch Index Area (%)
TE Total Edge Edge length (m)
ED Edge Density Edge length (m)
DIVISION Landscape Division Index Isolation (Proportion)
PROX MN Mean Proximity Isolation (-)
ENN_MN Mean Euclidean Nearest Isolation (m)
Neighbour Distance

CA is a measure of landscape composition. In particular, it gives information about how much
of the land consists of a certain type of patch. In this study, CA has been interpreted with other area
metrics. NP is one of the most fundamental indices of fragmentation. High NP indicates high
fragmentation. PLAND measures the proportional abundance of each type of patch in the landscape.
LPI refers to the percentage of total landscape area created by the largest patch. Therefore, it is a
simple measure of dominance. TE and ED are an absolute measure of the total edge length of a given
patch type. DIVISION is based on the cumulative patch area distribution and interpreted as the
probability that two randomly selected pixels in the landscape will not be in the same patch.
PROX MN takes into account the size and proximity of all patches that are within a given search
radius. ENN_MN is the most commonly used index to measure patch isolation. In the second stage,
core area data were generated using Patch Analyst programme (Rempel, 2015) from the land
cover/land use data used as input for the fragmentation analysis in the first stage. 10 m zoning was
made for core areas. This data formed a basis for determining the landscape connectivity corridors.
Linkage Mapper programme (McRae & Kavanagh, 2011, 2017) was used for the corridor analysis.
The programme used vector maps of major habitat areas and resistance to movement maps to identify
and map the lowest cost links between core areas. Each cell in a resistance map is associated with a

value that reflects the energy cost, difficulty, or death risk of moving in that cell. Resistance values
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are typically determined based on cell characteristics such as land cover or settlement density in
conjunction with species-specific landscape resistance patterns. As species move away from specific
core areas, cost-weighted-distance analyses produce accumulated aggregate movement resistance
maps (McRae & Kavanagh, 2011). While producing these maps, the shortest distance between two
core areas is calculated using the last-cost-path and Euclidean distance methods and corridor

determination is made.

3. Findings and Discussion

3.1. Forest Fragmentation Analysis

Forest fragmentation analysis results of broad-leaved, coniferous, and mixed forest classes in
the Rize forest matrix between 1990-2018 are shown in Table 2 and Table 3. Between the years
specified, broad-leaved forest class decreased by 25% in area on a hectare basis, coniferous forest

class decreased by 20%, and mixed forest class increased by 4% (Figure 3).
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Figure 3. Areal changes between classes in 1990-2018.

In the same years, the number of patches decreased proportionally in broad-leaved and
coniferous forest class, while a decrease was observed in mixed forest class. The number of patches
decreased by 32%, 33%, and 26%, respectively. The increase of NP means the fragmentation of the
related class increases (Figure 4). It was concluded that the percentages of classes in the landscape
were directly proportional to CA. The values decreased by 6% and 2% and increased by 8%,

respectively. The mixed forest class increased in the landscape where it was located (Figure 5).
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Table 2. Fragmentation measurements by Fragstats for the year 1990.

Class CA NP PLAND LPI TE ED DIVISION PROX MN ENN MN
Broad- 70035.97 248.00 37.1905 4.5279 218380 11.596 0.9958 408.3911 333.7125
leaved

Coniferous  33070.95 192.00 17.5613  2.5911 141749 17.5271 0.999 215.8406 426.2306
Mixed 85210.05 166.00 452482 11.864 233599 12.404 0.9821 2025.1275 329.3886

CA: Class Area, NP: Number of Patches, PLAND: Percentage of Landscape, LPI: Largest Patch Index, TE: Total Edge, ED: Edge Density, LSI:
Landscape Shape Index, DIVISION: Landscape Division Index, PROX MN: Mean Proximity Index, ENN_MN: Mean Euclidean Nearest Neighbour.

Table 3. Fragmentation measurements by Fragstats for the year 2018.

Class CA NP PLAN LPI TE ED DIVISION PROX MN ENN_MN
D
Broad- 52197.76  167.00 31.122 5.0166 156506 9.3314 0.9955 339.2413 476.673
leaved
Coniferous  26363.05 128.00 15.718 2.9198 104002 24.331 0.9988 282.172 500.3545

Mixed 8915891 122.00 53.159 19.277 188526 11.240 0.9539 4508.3443 329.3886
CA: Class Area, NP: Number of Patches, PLAND: Percentage of Landscape, LPI: Largest Patch Index, TE: Total Edge, ED: Edge Density, LSI:
Landscape Shape Index, DIVISION: Landscape Division Index, PROX MN: Mean Proximity Index, ENN_MN: Mean Euclidean Nearest Neighbour.
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Figure 4. Changes in NP between classes in 1990 and 2018.
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Figure 5. Changes in PLAND between classes in 1990 and 2018.
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LPI in the landscape of the classes in the Rize forest matrix increased in comparison of both
years. The LPI increased by 1%, 0.4% and 8%. Among the classes in the forest matrix, the mixed
forest class has been the dominant class in 28 years (Figure 6). Total edge length of the broad leaved-
forest class decreased in the forest matrix for both years. The value decreased by 28% in the broad-
leaved forest class, 26% in the coniferous forest class and 19% in the mixed forest class, respectively.
The point to note here is that the edge length assessment is measured within the entire forest matrix,

not for each class. From this aspect, it is possible to differ with ED values (Figure 7-8).
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Figure 6. Changes in LPI between classes in 1990 and 2018.
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Figure 7. Changes in TE between classes in 1990 and 2018.
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Figure 8. Changes in ED between classes in 1990 and 2018.

The change in the edge density of the classes in the Rize forest matrix decreased by 19%,
increased by 223%, and decreased by 9%, respectively. Because the increase or decrease in edge
density is proportional to fragmentation, the class with the densest edge is also the most fragmented
class. DIVISION values were decreased by 0.03%, 0.02%, and 2.8%, respectively (Figure 9). But
this index based on the cumulative patch area distribution and is used to interpret the probability that
the corresponding patch type of two randomly selected pixels in the landscape will not be in the same
patch. As the ratio of the landscape consisting of focal patch type decreases and the patches decrease
in size, the index value approaches 1. As a result, the proportion of broad-leaved and coniferous forest
classes in the general matrix has decreased, whereas the mixed forest class has increased. PROX MN
values were 16% decrease, 30% increase, 122% increase. The class with the most proximity values
was the mixed forest class. In the ENN_MN values, 42% increase, 17% increase, and 39% increase
were determined, respectively. The decrease in distance values means that the same classes get closer
to each other; otherwise, it shows that they diverge from each other and thus the isolation increases

(Figure 10-11). It was the most isolated broad-leaved forest class among the mentioned.
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Figure 9. Changes in DIVISION between classes in 1990 and 2018.
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Figure 10. Changes in PROX_ MN between classes in 1990 and 2018.
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Figure 11. Changes in ENN_MN between classes in 1990 and 2018.
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The results of this study on fragmentation revealed that broad-leaved and coniferous forest
classes in the forest matrix of Rize province were fragmented between 1990-2018, while the mixed
forest class increased. According to Saunders et al. (1991) and Forman (1995), the spatial reduction
in size of remaining forest patches, increased isolation and connection loss, and increased boundary
effects are identified as the main effects of forest fragmentation. Broad-leaved forest and coniferous
forest classes in the Rize forest matrix decreased in terms of their percentages in both area and
landscape, while an increase was observed in the mixed forest class according to the same criteria. In
other words, the mixed forest class has become the dominant class in the Rize forest matrix within
28 years (Figure 12). Another splintering issue is linked to the edge effect. Changes in environmental
conditions, vegetation cover and landscape composition cause patches to be exposed to border/edge
effects (Zurita et al., 2012). When fragmentation occurs in a patch, the area around the patch expands
and creates new borders. The edge effects and therefore the edge density also increases. While the
total edge lengths of each class in the forest matrix show a decreasing trend in terms of edge densities,
coniferous class has started to increase when the total landscape area is taken into consideration. The
process of forest fragmentation resulting from human activities such as transformation of forests into
agricultural areas and urbanisation is considered to be the most important factor that negatively
contributes to the reduction and extinction of species diversity worldwide (Bogaert et al., 2011;
Forman, 1995). Species that require large habitat areas tend to become vulnerable through
fragmentation and to disappear completely in forest habitat. This causes biological diversity to be
negatively affected (Wilkinson et al., 2018; Zuidema et al., 1996; Zurita et al., 2012). With the
increase of fragmentation and edge effect, isolation has occurred and the distance of the patches in
the same class to each other has increased. The most isolated classes have been broad-leaved forest
and mixed forest classes. It is a fact that changing land cover/land use in recent years has changed the
forest ecosystem in the Eastern Black Sea region (Yiksek, 2011). It is clearly seen on the map that in
1990 mixed agricultural areas with natural vegetation turned into orchards (fruit trees and berry

plantations) in 2018 (Figure 13).
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Figure 12. Forest classes between 1990-2018, respectively.
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Figure 13. Land cover/land use changes between 1990 and 2018.
The destruction of forest cover in regions that are not suitable for agriculture in terms of
topography and transforming them into agricultural lands (especially hazelnut and tea), providing fuel
and construction from the closest forest areas has caused an increase in the edge effect in the Rize

forest ecosystem. The forest matrix in the south of the area has been transformed into natural,
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grasslands and transitional woodland shrub and then bare rocks in the following years. Livestock,
which was one of the main sources of income for the people of the region in the past, required
transhumance in the upper zones of the forests, and as a result, forests were under pressure (Yiiksek,
2011). In addition to these, scattered settlement and infrastructure constructions have caused this
pressure to continue. The overuse of forests has caused the degradation of rangelands, which has

reduced the water holding capacity of the soil. Forest fragmentation has been among the causes of

floods and landslides.

3.2. Landscape Connectivity Analysis

Potential connectivity corridors are shown in Figure 14, respectively, 1990-9018. The optimal
(short) distance between potential connectivity corridors between core areas in the Rize forest matrix
is shown on the map with a value of 0 (zero). This means that a species that continues to move
between core areas will move easily and without risk in areas with 0 (zero) value. The areas with the
lowest potential link value and the riskiest are the ones in red. While the riskiest connection distance
between core areas was 124.823 m in 1990, this value was 208.772 m in 2018. It was revealed that
the area, which is located in the southwest of Rize and whose potential connectivity value was quite
disadvantageous in 1990, disappeared in 2018, but the risk continues for the species using the core
areas in that region.

During the corridor calculation, the Euclidean distance (16 m) values between the core areas of
broad-leaved forest, coniferous forest and mixed forest classes remained constant. Least-cost-path
lengths were 24.142009 m between broad-leaved forest-coniferous forest in 1990, 24.142151 m
between road-leaved forest-mixed forest and 24.142051 m between coniferous forest-mixed forest.
In the same year, the core area that made the most connections using the shortest and least costly
distances was the broad-leaved forest and the least coniferous forest class. In short, broad-leaved
forest linked coniferous forest and mixed forest classes, while coniferous forest only linked mixed
forest. Euclidean distance values and connection type have not changed in 2018. However, the least-
cost-path lengths were calculated as 24.142151 m between broad-leaved forest-coniferous forest.
24.142151 m between broad-leaved forest-mixed forest, and 24.14208 m between coniferous forest-
mixed forest. It is also among the results that the potential corridor value became the riskiest for the
species in 2018 in the regions where the Firtina Creek and Hemsin Creek in the north of the province

and the area in the northwest (Figure 15).
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Figure 14. Potential corridor areas between 1990-2018, respectively.
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Figure 15. Core area percentage of landscape and total core area between 1990 and 2018.

The results of this study on connectivity have revealed that linkage success for species has
decreased between reference years in potential linkage corridors. There are two inputs that affected
the determination of potential connectivity corridors. The first is the core area data, the second is the
resistance values (Carroll, McRae, & Brookes, 2012; McRae & Kavanagh, 2011, 2017). Ecologically,
the core of a patch is vital for species that should be far from its environment (Forman, 1995; Laurance
& Yensen, 1991). The presence of core areas in a patch is related to inland species, and a sufficiently
large core area means that the species that survive there can survive without being affected by the
environment. When considered in terms of internal species, the fact that the core areas are more and
more is an advantage, while being small and small is seen as a disadvantage. When the percentages
of the core areas in the landscape (%) of the classes in the forest matrix and the total core area (ha)
values are compared, there has been a decrease in the number of the core areas in the broad-leaved
and coniferous forest class and an increase in the number of the core areas in the mixed forest class.
While the living conditions for the species living in the habitats in the wide and coniferous forest
classes have become difficult, the living conditions required for the survival of the species in the
habitat of the mixed forest class have become more suitable.

Each point of resistance that the species will meet throughout its movement means risk of death
and limitation in ecological flow for it (Carroll et al., 2012; McRae & Kavanagh, 2017; Sawyer, Epps,
& Brashares, 2011). From this point of view, it is seen that the most difficult connection between the
core areas of the classes in the Rize forest matrix was formed in the south and southwest of the area
in 1990. When these regions are evaluated in terms of land cover/land use, it is seen that there are
sparsely vegetated areas, transitional woodland-shrub, natural grasslands and bare rocks in the
southern region. Bare rocks are places where human activities are very limited in terms of land
cover/land use. Despite this feature, it may not be considered suitable for the movement of all species
in the landscape. For this reason, the connection to be established between other core areas for some
species that will use that region is difficult/mortal. Red colours in the link map indicate difficult

junction areas. After 28 years, the amount of bare rocks in the south of the province has increased
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considerably in 2018. But another region that draws attention this year is the red spots in the northern
Firtina Creek and Hemsin Creek. In the past period, with the effects of increasing urbanisation around
both streams and the taking place of mining areas in this region, these regions have become risky for
the species that want to establish an ecological connection. With the increasing urbanisation in the
region in the northwest of the province, the transformation of mixed agricultural areas with natural
vegetation into fruit trees and berry plantations indicates that the potential connection has been
challenged. Although most studies of connectivity corridors exemplify connectivity at a lower spatial
scale, according to studies conducted at the upper spatial scale, (Damschen et al., 2019; Damschen et
al., 2006) habitat patches connected by corridors are isolated, more native plant species than patches
it has been proven that this difference increases with time and the corridors do not support the invasion

of exotic species.

4. Conclusions and Recommendations

In this study, the fragmentation in the forest matrix of Rize province and the potential
connectivity corridors between these parts were analysed. While fragmentation was experienced in
broad-leaved forest and coniferous forest classes in 28 years, the mixed forest class became the
dominant class. In the reference years, not only fragmentation occurred in the forest ecosystem in the
province, but the structure supporting the movement of the species here started to deteriorate. It is
supported by the hypothesis of the study that disasters such as floods and landslides that have occurred
in Rize in recent years are related to the fragmentation of the forest ecosystem. Land use changes also
contributed to the fragmentation process. Whether it is referred to as habitat fragmentation, landscape
fragmentation, or landscape fragility the fragmentation process is seen as the greatest threat to
biodiversity at all scales. However, the continuation of biological diversity depends on the ability of
species in the ecosystem to survive in the face of human impacts, rather than conservation and
management strategies. Landscape connectivity corridors create a support mechanism for fragmented
or fragile landscapes to support the existence of organisms or species moving in the ecosystem. The
lack of connectivity and increased isolation in forest ecosystems impedes pollination, seed dispersal,
migration of wildlife species, and reproduction by reducing the ability of organisms to move from
one forest area to another. Habitat must be both large and abundant and well-connected for the
survival of the wildlife population, reducing the risk of extinction and promoting biodiversity.
However, there are still gaps in which species/habitats will be supported for the continuation of the
biological diversity, and how to ensure the connectivity for which species/habitat/ecosystem. While

continuing the relationship between man and nature, on the other hand, more research is needed to
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eliminate these gaps, especially the careful implementation of the researches within national legal

frameworks.
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