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Abstract

The urbanization of a campus landscape has required much space for this ex-
pansion, reinforcing the status of geographical space as a limited resource. We
analyzed the effects of land cover change assessed over temporal dataset on
composition and configuration dynamics of UFSCar (Federal University of
Sao Carlos) campus landscape, based on a descriptive view of the hemeroby
levels, over a 54-year period (1962-2016), in order to understand the impacts
of past anthropogenic induced landscape change and inform decision making
with regard to biodiversity management. The classification of land use/cover
dynamics, over time, was obtained based on screen digitizing of aerial photos
and LandSat imagery. An ordinal scale ranging from ahemerob to metahe-
merob was applied to assess the hemerobiotic state of each land use type.
Currently, The UFSCar landscape campus configures a biocultural mosaic in
different stages of hemeroby. Thus a campus landscape dynamics model,
which can be denoted as “forestry-conservation-urban model”, anthropogenic
landscape is replaced by natural one, later by land cover reflecting the spatial
anthropization process. Through time, two hemerobiotic trajectories were
identified, in which 1) an euhemerob landscape matrix is substituted by an
ahemerob one, resulting in increased naturalness of the campus landscape,
and then 2) metahemerob patch types will later on increasing as a conse-
quence of ongoing urbanization. Expressive amount of ahemerob patches in
campus landscape fulfills one of the conditions for maintenance of the capac-
ity for self-regulation and sustainability of a biocultural landscape. This
framework provides an essential tool supporting with essential information
about current and historical landscape sustainability for campus landscape
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management and support decision making process. The main institutional
challenge for campus landscape sustainable management lies in the balance
between the competitors of the campus landscape matrix: conservation x ur-
banization.

Keywords

Land Use Change Trajectories, Urbanization, Conservation, Landscape
Sustainable Management

1. Introduction

A landscape can be defined as the level of spatial or biological organization si-
tuated between the ecosystem level (lower level of organization than the land-
scape) and the regional level (higher level of organization than the landscape) [1]
(2] 3].

To best describe a landscape, the patch-corridor-matrix model is generally
applied, and three types of components are identified [3] [4] [5]. A landscape
can therefore also be defined as a mosaic of patches, the latter being considered
as the components of pattern [1]. Landscapes are consequently dynamic and are
often referred to as shifting mosaics [6].

Human activity affects landscape pattern in rescaling patterns in time and
space, or homogenizing patterns through land use [1]. The conversion of native
landscapes into anthropogenic ones results in widespread changes in landscape
spatial patterns [7]. Two opposite processes can have profound consequences on
the structure and functioning landscape. They are: 1) intensification of agricul-
ture and urbanization and 2) the abandonment of land [8].

Since anthropogenic activity began to use and shape the land, their influence
has kept on growing so that currently, little or no landscape is considered as un-
touched [9] [10]. For this reason, most landscapes are now being referred to as
biocultural landscapes: generated by both natural and anthropogenic processes,
but characterized by anthropogenic pattern features, of which the measurement
constitutes a key step in landscape analysis [11].

Metrics and strategies for measurement anthropogenic patterns and their dy-
namics are discussed considering the pattern/process paradigm, the patch - cor-
ridor-matrix model and the complementary of landscape composition and con-
figuration, as conceptual benchmarks [11] [12].

There is a growing demand for environmental indicators to measure and eva-
luate land use related anthropogenic influence on landscape patterns and
processes [13] [14] [15] [16] [17]. These tools also showcase the dynamics of de-
creasing naturalness or increasing artificiality resulting from anthropic activities
to be monitored in time and space. They also provide essential information
about current and historical landscape pattern for regional and local manage-

ment and support decision making processes [18].
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The concept of hemeroby was applied to describe gradients of human influ-
ence on landscape [19]. Later it was extended by integrating parameters that de-
scribe human impacts resulting from land use types [20], with a complementary
meaning to that of naturalness [21]. Many attempts have been made to define
naturalness and attribute degrees of naturalness to ecosystems and landscapes
[22]-[27]. Although the conceptual relationship between hemeroby and natu-
ralness varies in the literature, most researchers agree that they are opposite ex-
tremes of a continuous gradient [27].

Data on hemeroby are given on a several ordinal scales to evaluate the effects
of different landscape patterns use [21]. The hemeroby ordinal scales range from
four points [19] to seven points extended scales, as a measure of anthropogenic
interference related mainly to land use [17] [18] [19] [28] [29]. Ahemerob land-
scapes are those with a self-regulating capacity, without actual human impact,
while metahemerob landscapes are those created intentionally by human activi-
ty, characterized by the intense dominance of structures and technological
processes and with reduced self-regulation capacity [30].

This work presents an empirical analysis of the land use influence on the
composition and configuration dynamics of a biocultural landscape, based on a
descriptive view of the hemeroby levels in a campus landscape, over a 54-year
period (1962-2016). The analysis of the hemeroby level changes, over time, pro-
vides an essential tool supported with essential information about current and
historical landscape sustainability for campus landscape management and sup-

port decision making process.

2. Material and Methods

The Campus Environment

The creation of the UFSCar was formalized in 1968. The area of the former
Trancham Farm, with an extension of 677.546 ha, was expropriated by the Mu-
nicipal Government of Sdo Carlos, and donated to the UFSCar campus installa-
tion [31].

The campus landscape of the Federal University of Sdo Carlos (UFSCar) is
very fortunate to be located in the advanced city of Sdo Carlos, SP, Brazil (Figure
1), with a compact and walkable campus located away from the centre of town,
with many old and innovative new buildings, and a diverse landscape that has
evolved over time and become an integral part of the urban area of the city. The
campus landscape provides an environment that situates, serves and symbolizes
higher education. This landscape comprises the lawns, open spaces, gardens,
walkways and paths, play fields, parking lots, and various other components of
the constructed environment which surround and support the buildings and
other facilities on a college campus.

The UFSCar Campus Master Plan has provided the University with the op-
portunity to re-think the management of the campus grounds to date and plan

for a redevelopment of the natural and man-made landscape that is more
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Figure 1. Location and land use/cover of the campus landscape of the Federal University
of Sdo Carlos (c); Sdo Carlos Municipality (b); Sio Paulo state (a).

user-friendly and welcoming, and gives a better representative of the original
biodiversity of Sdo Carlos. There is always opportunity for improvement; and
the University is dedicated to including sustainable principles in the campus
landscape management. It has become increasingly more important to the emo-
tional and economic wellbeing of this institution that presents an attractive and
well-maintained facade.

The classification of land use/cover dynamics, over a 54-year period (1962-
2016), was obtained based on screen digitizing of aerial photos (1962 and 1972,
Technical Collection LASERE-USP; 1988, Technical CollectionTerraFoto; 1997,
Technical Collection LAPA-UFSCar), and LandSat imagery (2009, CBERS-2,
sensor HRC, Band 1, and 2016, CBERS-4, sensor PAN).

The land use typology were discriminated by the criteria of tone, texture and
context [32] [33], through polygon manual digitalization in ArcMap 10.2 soft-
ware, based on georeferenced images in the Universal Transversal Mercator
(UTM) projection, SIRGAS datum, 23S spindle. Each polygon of land use/cover
was related to a previously hierarchical level of land use class [34] [35].

An ordinal scale ranging from level 1 (ahemerob; e, natural vegetation un-
changed by human influence) to level 7 (metahemerob; ie., artificial landscape
elements that do not resemble the natural vegetation) was applied to assess the
hemerobiotic state of each land use type of the campus landscape. The ordinal
scale is referenced to anthropogenic interference mainly related to land use [18]
[20] [28] [36]. The hemerobiotic state of each land use type was assigned based
on expert judgment and the experience of an extensive campus landscape field

survey.
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3. Results and Discussion

The campus landscape pattern, over a 54-year period (1962-2016), is determined
by the presence of 4 (four) land use classes (Figure 2), and by their proportional
presence (Table 1), later categorized into 10 (ten) land cover types: 1) Natural
(Cerrado vegetation and riparian forest, and Sdo Carlos Ecological Park); 2)
Anthropogenic agricultural (forestry and pasture); 3) Anthropogenic non-
agricultural (urban area and road net); and 4) Aquatic environment (river, lakes,
and reservoirs).

This land use/cover series (Figure 2) is related to typical changes in campus
landscape and biological characteristics during the conversion and replacement
of a land use type by another type, expressing the range of human effects on
landscape in terms of the prevalent land use, and applying four levels: utilization
of components of the system (e.g. forestry and pasture, 1962); replacement of
one land use type by another type (1972-2016); conservation of unmodified sys-
tem (Cerrado vegetation, riparian forest, and Sdo Carlos Ecological Park, 1988-
2016), and human-dominated landscape complete destruction (eg. Urbaniza-
tion, 1972-2016) (Figure 2 and Table 1).

Legend N
Land Use Classes ( \
I Aquatic environment (rivers, lakes, and reservoirs) &\

[ Anthropogenic agricultural (forestry and pasture)

[ Anthropogenic non-agricultural (urban area and road net)
Natural (Cerrado vegetation and Riparian forest)
Natural (Sao Carlos Ecological Park)

750 0 750 1500 m

Figure 2. Spatial trajectory of land use classes in the campus landscape of the Federal
University of Sdo Carlos (Sao Carlos, SP), at a primary hierarchical classification level,
over a 54-year period (1962-2016).
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Table 1. Area occupied (ha and %) by the land use classes in the landscape campus of the Federal University of Sdo Carlos (Sdo
Carlos, SP), at a primary hierarchical classification level, over a 54-year period (1962-2016).

Land Use Classes
5 v Anthropogenic Natural
>~ Aquatic environment Anth‘ropogenic Anthro?ogenic Cerfado Sdo Caflos Total
(tivers, lakes, and reservoirs) agricultural non-agricultural v?geta.mon and Ecological
(forestry and pasture) (urban area and road net) Riparian forest Park

Q ha 4.03 614.77 19.21 67.7 - 705.71
= % 0.57 87.11 2.72 9.59 - 100.00
R ha 14.65 633.64 35.80 21.62 - 705.71
= % 2.08 89.79 5.07 3.06 - 100.00
© ha 7.91 257.60 80.00 292.31 67.89 705.71
= % 1.12 36.50 11.34 41.42 9.62 100.00
N ha 7.91 319.37 97.30 213.25 67.88 705.71
= % 1.12 45.26 13.79 30.22 9.62 100.00
2 ha 8.66 254.53 126.80 247.83 67.89 705.71
8 % 1.23 36.07 17.97 35.12 9.62 100.00
© ha 7.73 226.64 135.26 268.19 67.89 705.71
8 % 1.1 32.11 19.17 38.00 9.62 100.00

The landscape pattern component denoted as landscape composition (Figure
2), shows a transition related to the following reduction of the forestry areas
(from 87.11% to 32.11%), to support urbanization increase (2.72% to 19.16%),
and the increase of the natural land use area (9.59% to 47.62%), over the 54-year
period (1962-2016) (Table 1).

The campus landscape was predominantly occupied by anthropogenic agri-
cultural use in 1962 (Figure 2; Table 1). In 1969, the campus landscape (Tran-
cham Farm) was described “as a virtually degraded and unproductive landscape.
In addition to more than 1 million of eucalyptus trees, unproductive coffee and
citrus plantations, and a fantastic quantity of ants, it had many old and degraded
buildings needing significant renovations. The eucalyptus forests are unproduc-
tive, damaged by fire and badly made cuts. Pastures with many invasive species
are depleted by livestock (Process of the Trancham Farm Disapropriation, 1969).
In 2016, the campus landscape composition interpretation is still being referred
to as anthropogenic prevailing land use, after a 54-year period (1962-2016)
(Figure 2; Table 1).

The increase in natural land use, over the 28-year period, resulted from the:
1). Implementation of the Ecological Park of Sdo Carlos; 2). The registration of
three legal reserve areas totaling 174.84 ha, equivalent to 24.77% of the total
campus landscape area; 3). The recovery of the remaining Cerrado vegetation
area, totaling 47.71 ha. The continuity of this Cerrado vegetation area in campus

landscape is ensured by legal devices that prevent any damages or deforestation
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for this type of phytophysiognomy, with this area becoming a preventive factor
to the urbanization advance on the South-North transect of the campus land-
scape (Figure 2, 1988-2016).

The Sdo Carlos Ecological Park, inserted in the limits of the campus landscape
(Figure 2), was created in 1976, and comprises an area of 67.89 ha, occupied by
Cerrado vegetation and riparian forest, as well as an area occupied by the Es-
praiado stream. It is administered by the Municipal Public Services Department
of the Municipality of Sdo Carlos, having as main objective the conservation of
regional biodiversity related to South American fauna.

The lotic environments of the campus landscape are: (i) the Fazzari stream
whose source is located inside the campus, being a tributary of the Monjolinho
river, (ii) the Espraiado stream, which together with the riparian forest make up
the Park Ecological of Sdo Carlos, and (iii) Monjolinho river, which downstream
of the campus landscape drains the urban area of the Sdo Carlos municipality.
The lengths of these streams at the campus boundaries correspond, respectively
to: 437.5, 877.2, and 571.4 m.

The Fazzari reservoir, the Mayacalake, and the Monjolinho reservoir make up
the campus's lentic environments; together with ABASC reservoir, which has
only a part of its area located in campus landscape limits. The three lentic sys-
tems occupy about 0.90% of the total campus landscape area, with the Monjo-
linho reservoir occupying an area of 4.69 ha, the Mayacalake with 0.15 ha, and
the Fazzari lake with 1.22 ha.

In order to quantify campus landscape spatial pattern, 4 levels of hemeroby
were categorized: ahemerob (natural patches without or a minimal anthropo-
genic interference), oligohemerob (natural patches with anthropogenic influ-
ence), euhemerob (patches created intentionally by human activity with reduced
self-regulation capacity), and metahemerob (dominance of structures and tech-
nological processes and with reduced self-regulation capacity) (Figure 3). The
values of occupied area by each hemeroby level of the campus landscape over a
54-year period are represented in Table 2 (1962-2016).

Through time, a sequence of campus landscape dynamics with two hemerobi-
otic trajectories were identified, in which 1) an euhemerob landscape matrix is
substituted by an ahemerob one (Figure 4; Table 2), resulting in increased na-
turalness of the campus landscape, and then 2) metahemerob patch types will
later on increase as a consequence of ongoing urbanization (Figure 5; Table 2),
over a 54-year period (1962-2016).

In the current contribution, the cultural component of campus landscape may
be generalized to the spatial anthropization process, which refers to agriculture/
forestry, built structures, road infrastructure or any other substitution or altera-
tion of different land cover type by an anthropogenic type.

The trajectory of anthropogenic influence on the campus landscape is asso-
ciated with euhemerob to metahemerob patches transition caused by patches
creation, enlargement, and aggregation resulting from campus landscape urba-

nization, from 1972 (Figure 3 and Figure 5). The expansion of the metaheme-
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Ordinal scale | Description of land/cover use Photos of the land use types on
of hemeroby campus landscape related to the

levels hemeroby levels

Ahemerob Patches of Cerrado vegetation and
riparian forest. Reservoirs with
minimal anthropogenic interference
were also included in this category.

Oligohemerob | Patches of Cerrado vegetation in
regeneration, and water bodies
with anthropic influence.

Mesohemerob | Not identified in the campus
landscape

Euhemerob Forestry areas (eucalyptus) and
bare soil.

Polihemerob | Not identified in the campus
landscape

Metahemerob | Urbanized area with the presence
of artificial landscape components
(buildings, gardens, and other non-
waterproofed surfaces). Few
arboreal individuals and
herbaceous vegetation and
compacted and waterproofed soils.

Figure 3. Ordinal scale of hemeroby to assess the hemerobiotic state of land use types of
the campus landscape of the Federal University of Sdo Carlos (Sdo Carlos, SP). Adaptedby
[18] [20] [25] and [30].

Table 2. Area (ha and %) of the hemeroby levels of the campus landscape of the Federal
University of Sdo Carlos (Sdo Carlos, SP), over a 54-year period (1962-2016).

= Hemeroby level types
E Area )

Ahemerob Oligohemerob Euhemerob Metahemerob Total
Q ha 68.91 2.88 633.19 0.73 705.71
= % 9.76 0.41 89.72 0.10 100.00
N ha 26.36 9.70 663.20 6.45 705.71
= % 3.74 1.37 93.98 0.91 100.00
2 ha 293.97 73.93 287.72 50.09 705.71
= % 41.66 10.48 40.78 7.10 100.00
5 ha 204.87 85.28 354.93 60.63 705.71
A % 29.03 12.08 50.29 8.59 100.00
2 ha 319.29 6.15 281.95 98.32 705.71
S % 45.24 0.87 39.95 13.93 100.00
© ha 326.16 18.14 258.79 102.62 705.71
] % 46.22 2.57 36.67 14.54 100.00
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- ahemeroby Aerial photo of 1988 (Technical collectionTerrafoto)
X Aerial photo of 1997 (Technical collection LAPA/UFSCar)
oligohemeroby Satellite image (CBERS-2B sensor HRC - 2009)
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I:l euhemeroby and metahemeroby Satellite image (CBERS-4 PAN-5m - 2016) SIRGAS 2000

1500m

Figure 4. Sequence of campus landscape dynamics in which (1) an anthropogenic land-
scape matrix is substituted by an ahemerob one, resulting in increased naturalness of the
campus landscape, over a 54-year period (1962-2016).

rob patches area has been occurring in the South-North direction of the campus
landscape, and from 2016, is limited by the ahemerobic patches area (Figure 5).

Metahemerob patches area in campus landscape has shown rapid enlarge-
ment, since 1997. The management of the micro built areas, where natural and
urban areas meet and conflict (Figure 5, 1997-2016), announces itself as a key
issue for campus landscape management, in the next decades. These micro built
areas corresponding to isolated built structures work as link core between other
metahemerob patches of the campus landscape.

Landscape geographical space could and should be considered as a limited
resource: the use of space by one land use/cover type reduces the remaining
space available to other types [12]. Anthropogenic change of campus landscapes
confirms the status of geographical space as a limited resource. The campus
landscape urbanization development requires much space for this expansion,
and must be replaced with euhemeroby patches which are currently occupied by
forest (Figure 5).

The spatial pattern referred to as landscape configuration, in 2016, describes a
group of hemerob patches of different sizes and shapes scattered across the

campus landscape. The campus landscape can be considered quite heterogene-
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Legend N

Aerial photo of 1962 (Technical collection LASERE-USP)

Aerial photo of 1972 Technical collection LASERE-USP
Aerial photo of 1988 (Technical collectionTerrafoto)
Aerial photo of 1997 (Technical collection LAPA/UFSCar)

" campus boundary

Hemeroby patches
750 0 750 1500m

euhemeroby Satellite image (CBERS-2B sensor HRC - 2009)
B rmetahemeroby Satellite image (CBERS-4 PAN-5m - 2016)
UTM-238
D ahemeroby and oligohemeroby SIRGAS 2000

Figure 5. Sequence of anthropogenic influence of campus landscape dynamics related to
euhemerob to metahemerob patches transition resulting from UFSCar campus landscape
urbanization, since 1972, over a 54-year period (1962-2016).

ous with its configuration characterized by complex patches shapes, by a large
variability of patches sizes and shapes, and by a high frequency of edge habitat.
Each hemerobiotic state is consequently composed of one or more patches or
landscape elements, corresponding to a homogeneous area (Figure 6).

The ahemerob patch type dominating the campus landscape is characterized
by the lowest degree of fragmentation and the largest area, in 2016. Ahemerob
patches and the species they support in campus landscape is currently embedded
within anthropogenic mosaics of land use/cover. However, evidence of increased
metahemerob patches, which advanced over time by urbanization , replacing
euhemerob patches, is expected to homogenize campus landscape pattern
(Figure 6; Table 1).

Thus a campus landscape dynamics model, which can be denoted as “fore-
stry—conservation-urban model”, anthropogenic landscape are replaced by nat-
ural one, and later by land cover reflecting urban development. The determi-
nants that conditioned the campus landscape spatial pattern in 2016 (Figure 6)
are more relevant in proposing future scenarios than those that operated 30

years ago.
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Figure 6. Spatial campus landscape configuration of hemeroby patches and respective
areas (ha/%) of the Federal University of Sdo Carlos (Sdo Carlos, SP), for 2016.

Consequently, prognosis related to the expansion and establishment of a pro-
gressive metahemerob spatial pattern, for next decades, must comply in defining
an optimal configuration and amount between natural (ahemerob and oligohe-
merob) and anthropic (euhemerob and metahemerob) land use; i.e., to enable a
balance between conservation and urbanization. The critical threshold for urba-
nization expansion on the campus landscape, referred to as anthropisation
process, must be limited by available euhemerob patches area (forestry area),
from 2016 (Figure 7).

The modification of UFSCar campus landscape by human action will lead to
anthropogenic landscape, over time, in which man-made features dominate, and
to a positive reinforcement of natural land cover in campus landscape. Other-
wise ahemeroby patch types will be threatened and reduced to a scattered pat-
tern.

The main institutional challenge for campus landscape sustainable manage-
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Figure 7. Sequence of the hemerobiotic states area values (ha/%) of campus landscape
dynamics, over a 54-year period (1962-2016). The figure points out the institutional chal-
lenge of considering the time in which the critical threshold of urbanization, represented
by metahemerob patches (D), with the total occupation of euhemerob patches (C), can
ensure the continuity and quantity of the ahemerob patches (A), in terms of the amount
of biodiversity that should be conserved for utilitarian reasons because of its role in pro-
viding and sustaining ecosystem services.

ment lies in the balance between the competitors of the campus landscape ma-
trix: conservation (ahemerob patches area/46%) x urbanization (euhemerob/
metahemerob patches area/51%). To ensure a critical threshold of ahemerob

patches area, from 2016, which represents the level of campus landscape biodi-
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versity (Figure 7).

The question marks indicate the uncertainties about the appropriate size of
amount of biodiversity, over time, that should be conserved: 1) for utilitarian
reasons because of its role in providing and sustaining ecosystem services, 2) for
non-utilitarian values such as intrinsic values, and 3) for utilitarian reasons be-
cause of its role in maintaining capacity to adapt to change (resilience), and for
option and existence values.

The critical threshold of urbanization increase in campus landscape should be
valid for a period without uncertainties regarding political and socioeconomic
scenery of the country. That is, the availability of resources and financial support
to enable the expansion and operation of campus infrastructure that serves a
growing social component over time.

The social component of the campus landscape (teachers, technical and ad-
ministrative staff, students, decision makers, and external community) has, fun-
damentally, different local standards to evidence human influence on biodiver-
sity and ecosystem processes in the campus landscape, over the 54-year period.
Since an intrinsic reciprocal relationship between culture and landscape struc-
ture exists: culture changes landscapes and culture is embodied by landscape
[37], relationship between biological diversity and social component contribute

for 2016’s hemeroby spatial pattern across campus landscape.

4. Conclusions

These results reveal what is happening with the campus landscape configuration,
over the 54-year period. But that is just part of the history.

We are always very interested in knowing the historical trajectory of the
UFSCar campus landscape, because changes that occurred in the near past are
more relevant than those that occurred in the more remote past, in determining
the current spatial pattern of the campus landscape.

Our results illustrate the potential utility of assessing how specific trajectories
of past land cover changes have influenced hemeroby patterns in the present,
within the context of developing sustainable campus landscape management

strategies that minimize loss of biodiversity.
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