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ABSTRACT

A dike-pond landscape is characterized by a
symbiotic and interacted relationship between
water and land and considered an integration

of human settlements with an aquaculture-
agriculture system. The Pearl River Delta has
historically enjoyed a rich river network and been
shaped by the mosaic-like constructed ponds
with the meandering natural river systems, where
the boundary of the constructed and the natural
blurred and a resilient dike-pond landscape
prevailed. However, the increasing demand for
land resource during urbanization and industrial
development has made such a landscape shrunk
and surrounded by urban sprawl. The expansion
of human settlements has not only changed the
water-land symbiosis but also reshaped the
pattern of the dike-pond landscape. This article,
as an ongoing work, intends to observe and
document the changes of such water-related
landscapes from a different perspective, “seeing
from above,” with historical satellite photos,
Google Map images, and contemporary aerial
drone photography. It discovered three important
transformations: the settlement sprawl and
transformation, the shrinking dike surfaces

and imbalanced ratio of dike to pond, and the
disappearance of the organic pond pattern.
These findings can evoke critical studies on the
dialectical relation between urbanization and
ecology, and offer possibilities of re-creating a
sustainable landscape in the Pearl River Delta.

KEYWORDS

Dike-Pond Landscape; Pearl River Delta; Water-
Land Relationship; Agriculture-Aquaculture
Ecosystem; Satellite Image; Drone Photo
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A satellite image

of the mosaic-like
pattern of the dike-
pond landscape in
Sangyuanwei of Foshan,
Guangdong Province in
1969, showing a natural
river meander through
the dike-pond system.
A drone photo of the
dike-pond landscape in
Sangyuanwei in 2018.
The expanding urban
fringe begins to wrap
the contemporary dike-
pond landscape.
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1 Introduction

The dike-pond system of the Pearl River Delta (PRD), China is
an integrated agriculture-aquaculture ecosystem that has been
born and developed in the flood-prone natural environment
under living and production demands'". For centuries, through
continuous reclamation of the low-lying water-logged land for
integrated production, the symbiotic water-land environment of
the dike-pond system has closely combined with local settlements
and shaped the region into a dike-pond landscape. In addition to
the agricultural and ecological efficiency brought by the natural-
artificial symbiosis, the unique and organic collage pattern of such
a landscape also reflects a great scenic value (Fig. 1).

The rapid development of PRD has made the region
dramatically change and face challenges while the surviving
dike-pond landscape has been increasingly surrounded by
urban construction (Fig. 2), which forces us to explore issues
like how buildings and settlements have expanded in areas with
dense water networks? How does this water-land symbiotic
environment respond to the market-driven changes? In the context
of urbanization, as well as environmental degradation, does this
dike-pond landscape undergoing passive or spontaneous changes
maintain its high ecological efficiency?

This article is an ongoing work that documents a series of
fieldworks and drone surveys to examine the historical and
contemporary morphologies of the dike-pond landscape. The

intertwining water system, land, and settlements assume distinct
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and diverse patterns when the landscape is read holistically from an
aerial view, which cannot be discovered easily with isolated images
of rural life or a single pond in a village — the aerial photos show
the relation of the dike-pond landscape and its surroundings, which
reveals the interaction among nature, the water environment, and the
city at a regional scale.

2 The History of Dike-Pond System

Given the interlacing river networks and the water-logged-prone
terrain, the ancient generations in the PRD reclaimed low lands,
constructed ponds and dikes, and planted fruit trees such as lychee
(Litchi chinensis) and longan (Dimocarpus longan) with the dug-
out mud. This practice gradually reshaped the low-lying area along
the rivers into a fruit dike-pond system. In the early 16th century,
the prosperity of silk trade incentivized a large demand of mulberry
farming and sericulture, resulting in more and more fruit dike-pond
systems being transited into mulberry dike ones in the central PRD
area, such as Shunde and Nanhai counties.”) The high profit of raw
silk trade and the efficient integrated agriculture-aquaculture system
both promoted the popularity of the dike-pond landscape. Since
the early 18th century, farmlands of rice had even been increasingly
replaced with such mulberry dike-ponds, which became prevailing in
PRD until the 1910s."”! However, this landscape began to shrink due
to the decline of silk trade in the early 20th century; under greater
market calls, new types of dike-pond system, such as banana dike-
pond and sugarcane dike-pond emerged (Fig. 3).
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3 Traditional Water-Land Symbiosis and Its Ecological
Efficiency

The water-land symbiosis of dike-pond systems shapes a
combination of the constructed and natural water environments
(Fig. 4). Ponds (water) and dikes (land) are the two major roles
that complement and interact with each other in the whole
ecosystem while working independently as subsystems. In the
mulberry dike-pond system, for example, mulberry leaves are
used for feeding silkworms, fish feeds on silkworm excrement,
and mulberry trees are fertilized with pond mud, thus forming
a self-maintaining and recycling ecosystem based on energy
flows and nutrient circulation." To a dike-pond system, the
ratio of land to water (namely the “dike-pond ratio”) and
energy and material transformation determine its ecological
benefits — usually, a dike-pond ratio of 5:5 or 4:6 works the
best. Connecting with natural rivers, such dike-pond systems can
also store and infiltrate water to mitigate floods and droughts,

providing regulating ecosystem services like wetlands"'.

4 Changes of Contemporary Dike-Pond Landscape

4.1 Settlement Sprawl and Transformation

The massive construction of contemporary settlements
has dramatically changed the dike-pond landscape and its
ecosystem. Historically, taking advantage of the topography™
and river networks, a large number of traditional Guangfu grid-
like villages had already formed in the PRD region far before
the popularity of dike-pond system. The vast dike-pond systems
reclaimed from the water-logged low lands had surrounded the
human settlement patches, with only a few buildings constructed
with mud and plant materials (i.e., branches of mulberry
trees and bamboos) dotting along the dikes." The living and
production activities in human settlements had not largely
disturbed the eco-flows between water and land of the dike-pond
systems. Resulting from the population growth and other causes,
today’s human settlement patches have gradually grown into the
continuous “edges” around the ponds (Fig. 5). In some dike-pond
areas adjacent to the industrial plots in outskirts, dike surfaces
have been fully occupied for building constructions, no longer
providing agricultural utilizations.

The construction of new infrastructures also plays a role
in the transformation of settlements: Buildings have developed
along highways or canals, eventually forming a fishbone-like
layout. It usually consists of a unilateral or bilateral “backbone”
paralleling the highway or canal with “branches” against the
dikes (Fig. 6).
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Therefore, the previous dike-pond landscape with human
settlement patches in it now has been wrapped and fragmented
by urban and rural constructions and partly replaced with large
industrial plots (Fig. 7). Within the surviving dike-pond landscape,
the broad utilization of impervious building materials has cut off the
energy flows and nutrient cycles between land and water despite the
seeming co-existence of the settlements and the water environment.
Domestic and industrial pollution caused by intensive development
and high residential density further leads to water eutrophication.
Although the contemporary dike-pond landscape retains part of the

original patterns, the efficient ecosystem has collapsed already.

4.2 Dike Surface Degradation and Poor Dike-Pond Ratio

In addition to the external reasons like the invasion of urban
construction, the dike-pond landscape itself has shrank and degraded
under the background of social-economic changes. The agriculture-
aquaculture mode has been restructured, resulting in problems such
as more aquaculture while less agriculture, and a separation of
planting cultivation and fish farming. For example, in some villages
which pay more attention to pond fish farming, fruit tree planting on

135

@ 0 100 200 400m

There are several

hills with a height of
100 ~ 350 m locating
in the water-logged
low lands within the
dike-pond landscape
of the PRD region.
"Taking advantages

of topography” here
means that many
settlements were built
around the foot of such
hills or on the small
pieces of land slightly
higher than the water-
logged area, which are
less prone to flooding.
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the dike has been replaced with the extensive vegetable farming,
thus decreasing the system’s primary productivity; in some

other areas, more and more agricultural surfaces are decreasing,
abandoned or disappearing, while some little surfaces within the
pond are even occupied as burial grounds (Fig. 8).

Worse, the ratio of dike to pond becomes poorly distorted.
Since the 1970s and the 1980s, for higher profits of pond
aquaculture, the locals have sharply reduced the dike-pond ratio
to 2:8 or even 1:9. As a result, the wide dikes around the mosaic-
like fishponds shown in satellite photos of the 1960s have now
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shrunk into narrow borders and no long been used for any
agricultural uses (Fig. 8).

A fact is that such a transformation has broken the
balance of eco-flows between water and land. On one hand,
the narrower dike surfaces with thinner soil cover are more
vulnerable to erosion by runoff and prone to collapse during
heavy rainfall and floods, which would aggravate the pond
sedimentation, reduce the pond’s capacity of flood retention, and
cause water eutrophication.”’ On the other hand, the decline or
even disappearance of cultivable surfaces and the separation of
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A satellite image of the
dike-pond landscape in
Shunde, Foshan in 1969.
Today this landscape
has been fragmented
dramatically, only

the slash-filled parts
remaining the original
pattern.

A satellite image

of the same area in
2018. New residential
and industrial plots
fragment the dike-pond
landscape.

Degradation of the dike-
pond system, showing
the vegetable plots
between fish ponds
(Fig. 8-1), the dike
surface transformed
into a burial ground
which no longer
provides agricultural
services (Fig. 8-2), and
the dikes which have
shrunk into narrow
lines (Fig. 8-3).
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agriculture and aquaculture damage the mutually regulating and
self-purification capacity between land and water, making the

system much less resilient to environmental impacts.

4.3 Standardization of Dike-Pond Pattern: From Organic to
Geometric

Besides, more and more ponds of irregular shapes are being
standardized as geometrically rectangular ones, leading to the
disappearance of the typical mosaic-like pattern. In the late
1950s, many dike-pond landscapes faced a high fragmentation of
land and pond and increasingly curving waterways, which led to
a lower flood storage capacity. Therefore, from the 1960s to the
1970s, a dike-pond system improvement initiative was launched
to facilitate the irrigation and drainage in the poor-efficiency
dike-pond areas by “standardizing fish ponds and fields,
systemizing rivers and canals, and controlling pond water level.”
For example, in 19735, the dike-pond landscape in Xibianlang,
Shunde County was reshaped into rows of uniform rectangles
(Fig. 9)."' In the late 1990s, parts of the remaining irregular pond
pattern were further transformed into geometric grids in a name
of “increasing economic efficiency and developing intensive
aquaculture” (Fig. 10); in some areas, the pond banks and
bottoms are coated with concrete.

Maybe such geometrically constructed fishponds can no
longer be called a dike-pond landscape — an ecosystem that
enjoys a semi-natural and semi-constructed water environment
and provides ecosystem services like micro-climate regulation,
flood storage, and groundwater recharging. The resilience of such
dike-pond systems is defined by the water-land symbiosis, which
has been cut off, however, by the utilization of impermeable

construction materials. The geometric ponds also perform a
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much poorer edge effect compared with the typical irregular ones.
A higher economic return of aquaculture through the improvement
measures has badly compromised the ecological benefits of the
dike-pond system.

5 Conclusion

This article examines several new features of the contemporary
dike-pond landscape, namely the settlement sprawl, disturbance
of water environment by urban development, degradation of dike
surfaces, poor water-land ratio, and geometrized dike-pond pattern.
Although many dike-pond landscapes remain their appearance and
spatial structure, they have lost, or will lose, the high sustainability
and resilience of the previous agriculture-aquaculture landscape in
terms of the functioning of ecosystem. At the same time, however,
through both the passive transformation and self-regulation,
the contemporary dike-pond landscape might meet the socio-
economy needs and urbanization demands, establish new forms

of combination of natural and constructed environments, and

still have a scenic value (Fig. 11). Compared with the intensively
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impermeable urban developments, the contemporary dike-pond
landscape sees a potential for delivering ecological services,

where future efforts are needed. It is also worth exploring that
how to improve the scenic value and ecological benefits of the
contemporary dike-pond landscapes as eco-buffers for urban areas
through ecological management and restoration measures against
the backdrop of the on-going urbanization. LAF
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