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Biomonitoring of the application of monoculture and integrated multi-trophic
aquaculture (Imta) using macrobenthic structures at tembelas island,
kepulauan riau province, indonesia (Article) (Open Access)

,  ,  ,  ,    

Center of Marine Ecology and Biomonitoring for Sustainable Aquaculture, Diponegoro University, Semarang, Central
Java 50275, Indonesia
Department of Biology, Faculty of Science and Mathematics, Diponegoro University, Semarang, Central Java 50275,

Indonesia
Department of Mathematics, Faculty of Science and Mathematics, Diponegoro University, Semarang, Central Java

50275, Indonesia

Abstract
Sustainable aquaculture needs to be considered when it comes to the utilization of water resources. The aim of this
study was to apply biomonitoring using macrobenthic structures on both spatial and temporal applications of
monoculture and integrated multi-trophic aquaculture (IMTA) at Tembelas Island, Kepulauan Riau Province,
Indonesia. Samples of sediment were taken from three fish farm locations, namely from an IMTA site, a monoculture
site, and a reference site. Macrobenthic organisms obtained through rinsing, sieving, and sorting were then identified
under a stereo-microscope. Diversity of the macrobenthic assemblages was analyzed with a Shannon-Wiener index
(H’). Equitability was expressed through Pielou’s evenness index. Finally, Bray-Curtis’ non-metric multi-dimensional
scaling (NMDS) was used for similarities derived from log (X+1) transformed macrobenthic abundance to provide a
visual representation of differences in their structure between sites over time. Results showed polychaetes exhibited
differences in both variation and abundance of genera between the farm and reference site. The assemblage of
macrobenthos at the IMTA site consisted of 9 genera of gastropods, 3 genera of bivalves, 5 genera of polychaetes, and
2 genera of crustaceans. At the monoculture site, 12 genera of gastropods, 4 genera of bivalves, 8 genera of
polychaetes, 1 genera of crustaceans, and 1 genera of ophiuroid were observed. A relatively high abundance was
observed at the reference site, with 27 genera of gastropods, 11 genera of bivalves, 3 genera of polychaetes, and 1
genera of crustacean. The favorable water conditions and possible absence of waste input from aquaculture resulting
in a more suitable habitat for macrobenthic life may explain this relative abundance. Some of them were recognised as
opportunistic taxa, i.e., Capitella sp., Heteromastus sp., and Lumbrinereis sp. Based on the diversity and evenness
indices and the MNDS ordination, it can be concluded that the application of IMTA systems results in a suppressed or
reduced potential impact on environmental disturbance due to aquacultural activities. © 2020 by the authors.
Licensee MDPI, Basel, Switzerland.

Author keywords
Environmental disturbance IMTA Macrobenthic assemblages Polychaetes Sustainable aquaculture
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Abstract: This study examines the financially feasibility of the proper terminal capacity by each berth
size of the automatic container terminal (ACT) from the perspective of Terminal Operating Company
(TOC). ACT is a highly productive and eco-friendly port facility, but it requires a lot of capital
investment. Thus, the investment of ACT should consider the TOC’s operating profit preservation to
determine the proper terminal capacity. In this study, we attempt to conduct financial analysis using
the net present value method and estimate breakeven handling volume of five berth sizes (nine, five,
four, three, and two berths). In particular, as the aim of this study is to propose a capacity model of
ACT, the model must be able to adapt to a variety of situations reflecting the number of berths and
financial discount rate. The case study focused on the new port of Busan, introducing ACT. As a
result, the breakeven terminal capacity changes from 560,421 TEU of the 9-berth model to 633,102 TEU
of the 2-berth model, applying a 4.5% standard discount ratio. In a sensitivity test considering the
change in discount rate and the size of the berth at the same time, the net present value (NPV) has
a positive value at the level of at least 550,000 TEU (nine berths and 3.5% discount rate) and up to
650,000 TEU (two berths and 5.5% discount rate). The method of optimizing financial efficiency by
analyzing the appropriate loading capacity will be an important support tool in decision-making by
providing the analysis results and reasonable information obtained during the analysis process to the
TOC, the main stakeholder in the adoption of ACT.

Keywords: automated container terminal capacity; financial analysis; Terminal Operating Company

1. Introduction

The remarkable changes in the global port and logistics market are economies of scale due to the
enlargement of ships and cost reduction through minimizing dwell time at ports [1,2]. In response to
these changes, major ports in each country are improving the efficiency of port operation by introducing
automated container terminal (ACT) systems [3]. ACT systems based on advanced technology are
being introduced mainly in countries such as the Netherlands, Germany, USA, and China which have
world-class advanced port infrastructure, and Korea is also introducing automated terminals in the
new port of Busan [4].

In this context, the ACT is a terminal in which Automated Guided Vehicle (AGV) and Automated
Rail Mounted Gantry Crane (ARMGC) are operated. Of the 23 automated container terminals
worldwide, 12 are semi-automated and 11 are fully automated. The APMT and RWG in Rotterdam
Port that opened in 2015, the LBCT that opened in 2016, the QQCTN in Qingdao Port that opened in
2017, and the 4th Yangsan Port are fully automated, showing recent trends in the types of automated
terminals. The Korean government has introduced ACT for stages 2–5 and 2–6 of the new port of
Busan by benchmarking the ACT already in operation.

J. Mar. Sci. Eng. 2020, 8, 954; doi:10.3390/jmse8110954 www.mdpi.com/journal/jmse
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Abstract: The pink sea fan Eunicella verrucosa is a habitat-forming octocoral living in the East Atlantic
and in the Mediterranean Sea where, under proper circumstances, it can form large populations
known as coral forests. Although these coral forests represent vulnerable marine ecosystems of great
importance, these habitats are still poorly known, and their monitoring is almost non-existent to
date. For this reason, we compared two different models to infer the age of E. verrucosa based on
nondestructive measurements of the colonies’ size, in order to highlight strengths and weaknesses
of the existing tools for a potential application in long-term monitoring. We also applied the two
models on a case-study population recently found in the northwest Mediterranean Sea. Our results
showed which model was more reliable from a biological point of view, considering both its structure
and the results obtained on the case study. However, this model uses solely the height of the colonies
as proxy to infer the age, while the total branch fan surface area could represent a more appropriate
biometric parameter to monitor the size and the growth of E. verrucosa.
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1. Introduction

The pink sea fan Eunicella verrucosa (Pallas, 1766) is an octocoral species (order Alcyonacea, family
Gorgoniidae) living in the East Atlantic, from Ireland to Angola, and in the Mediterranean Sea [1–5].
This species can be found at a depth of 2 to 60 m in the Atlantic Ocean, while it can reach a depth of
200 m in the Mediterranean Sea [1,4–7]. Under proper oceanographic conditions including strong
currents and temperate/cold waters, E. verrucosa can form large colony aggregations known as coral
forests, settling on hard bottoms sometimes covered by a thin sediment veneer [5]. Similar to other
animal forests (sensu [8]), octocoral assemblages provide biomass, structural complexity and aesthetic
value to coastal communities, sustaining a rich biodiversity [5,9–17]. Coral forests, comprised of
E. verrucosa represent a Vulnerable Marine Ecosystem (VME) because of their vulnerability to human
pressures, according to the Food and Agricultural Organization (FAO) [18,19]. This vulnerability is
based on the rarity, the functional significance, the fragility (both physical and functional), and the
structural complexity of the coral forest, as well as the species’ life-history traits (e.g., slow growth
rate, late age of maturity, low or unpredictable recruitment, and extended life expectancy) that makes
recovery difficult after a fishing impact. Indeed, bottom-contact fishing gears such as trawl nets,
dredges, longlines, and artisanal fishing nets (e.g., gillnets and trammel nets) can have both direct and
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