
1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890

MSFT2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 89 (2017) 012009    doi   :10.1088/1755-1315/89/1/012009

Impact of tidal phenomenon “Met Ef” on the exploitation of 

benthos at inshore shoals in Kei islands, Indonesia  

  
Eugenius Alfred Renjaan1, Marvin Mario Makailipessy1  

1Tual State Fisheries Polytechnic, Langgur - Sathean Ring Road, Km. 6. P.O. Box  
1001, Southeast Maluku, Indonesia 

Email: earenjaan@polikant.ac.id  

Abstract A study on benthos exploitation at five shoals located in Rosenberg and Nerong Straits, 

the kei islands had been conducted during period of the lowest ebb tide phenomenon which 

locally termed Met Ef on 2016. The purpose of the study is to know the impact of the Met Ef on 

benthos exploitation at the shoals by local communities during the Met Ef.  Data of tidal 

amplitudes were obtained from the Tide Charts Mobile Applications which confirmed the 

observations on tide pole during October, November, and December 2013 until 2016.  Data of 

benthos exploited during periods of Met Ef at the shoals was obtained through direct observation 

on benthos exploited by the local communities, also by interviewing them using questionnaires.  

The results showed that the lowest ebb tide of the Met Ef occurred in November, i.e., at 2 to 5 

days after the full moon and/or new moon, with an average tidal range of 2.66 m and even have 

ever one reached 2.80 m.  The most exploited benthos at the shoals is Giant clam (Tridacna sp.), 

Spider conch (Lambis sp.), Hammer oyster (Malleus sp.), Octopus (Octopus spp.). The intensity 

of benthos exploited at the shoals increased during the period of Met Ef especially in October 

because at that time the sea was very calm and clear due to relatively lower wind speed and the 

rain fall was relatively lower. This has promoted an easier accessibility of the communities to 

exploit benthos at shoals and, therefore October is considered by the local communities as the 

peak of Met Ef, instead of November.  During November and, December the availability of 

benthos in shoals has been reduced due to it has been exploited intensely in October.  

1. Introduction   
Met Ef, a local term in kei language, but popularly known as Meti Kei. Met Ef is the lowest ebb tide 
phenomenon with maximum tidal amplitude on kei islands causing the tidal plains to become very wide, 
as well as the appearance of rock shoals and sandbars at sea level around the kei islands, especially kei 
kecil islands. The phenomenon occurs every year in October, November, and December. The Met Ef 
phenomenon is always accompanied by high air temperatures, low rainfall, fewer rain day frequency, 
and low wind speed. The phenomenon of Met Ef improves people's accessibility to exploit benthos 
maximally at inshore shoals located in the Rosenberg and Nerong Straits since, certain species of benthos 
that are now rarely found in the intertidal zones due to increasing exploitation rates from years to years. 
Exploitation of benthos in the inshore shoals is conducted by people from several villages. On the other 
hand, most of benthos species taken from the shoals have long reproductive cycles that are vulnerable 
to extinction. Exploitation of the shoals has been conducted from generation to generation by local 
people, and according to them the current number of particular benthos such as Giant clam (Tridacna 
sp.) or locally called Hanoat is more difficult to find in the shoals and tend to have smaller size. The aim 
of this study is to know the impact of the Met Ef Phenomenon on the intensity of benthos exploitation 
in several inshore shoals, located in Rosenberg and Nerong Straits, the kei kecil islands, Indonesia. The 
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results of this study are expected to provide basic information about the pattern of benthos exploitation 
in the inshore shoals, as well as the preliminary information for further studies on the sustainable use of 
benthos in the inshore shoals.  

  

2. Methodology 

Materials and methods used in this study include; plastic samples, tape ruler, questionnaires, Satellite 

Image, Tide charts mobile Applications (Copyright @ 7th gear, LLC), SAS software, Planet software 

ArcGIS 10.X, Software Surfer 15. While Tools used include; Tide pole, Android, laptop, GPS, and 

Camera. Data of tidal range and tidal time was obtained from Tide charts mobile Applications 

(Copyright @ 7th gear, LLC), which confirmed the observations on tide pole installed at a jetty located 

at Rosenberg Strait. Field tide observation only conducted at Lower Low Water (LLW) condition during 

October, November, and December 2013 until 2016, to confirm the results of tide chart mobile 

application. The survey method used to obtain benthos data is the Creel Method, which is to observe 

directly the benthos species taken by local people who utilized five inshore shoals located in Rosenberg 

Strait and Nerong Strait, the kei islands of Indonesia during Met Ef in 2016.  Besides also interviews the 

local people who exploit the five shoals. Local names of the inshore shoals they are Wama, Tibun, 

Vurlilan located on the Rosenberg Strait, while North Samar, South Samar, and Wid which located in 

the Nerong Strait. The shoal's location maps are presented in Figure 1. The climate data that always 

associated with Met Ef, such as air temperature, rainfall, rainy day frequency, and wind speed from 2013 

to 2016 were obtained from the Indonesian Agency for Meteorology, Climatology, and Geophysics in 

Langgur, kei islands, Indonesia. Monthly data from the four-year average are used to describe the 

climatic conditions associated with Met Ef which also enable accessibility of the people to exploit the 

inshore shoals. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 
 

 

Figure 1. Map of the five inshore shoals in the Rosenberg and Nerong Straits, Kei 

Islands, Indonesia 
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Acquisition of bathymetry of the shoals’ site was conducted by analyzing satellite image which  

described as follows. 

a. Acquisition of bathymetry Data  

The bathymetry data of the study sites in from Image Marine Maps Navionics Sonar Chart (TM). 

The Image consists of depth contour line map that downloaded according to areas of interest by using 

software SAS Planet. 

b. Data Processing (editing and lay outing data)  

i. Downloaded Image that is available then opened using ArcGIS 10.x software; the editing 

process is then conducted by creating new depth point following the contour lines that exist in 

satellite image.   

ii. After the process of making the point according to the depth is completed, the results are then 

exported to the Surfer software for the making of depth contour and distribution.  

iii. Contour and depth results are then exported back to ArcGIS for the making of water depth 

classes around AOI as well as map view.  

3. Results  

3.1. Description of the Inshore shoals   

Shoals in kei local language are called "uran vat" which means pot-shaped stone, which describes the 

number of brain corals.  In oceanography, geomorphology, and earth science, a shoal is a natural 

submerged ridge, a bank, or bar that consists of, or is covered by, sand or other unconsolidated material, 

and rises from the bed of a body of water to near the surface[19, 22).  Inshore shoals Samar and Wid are 

located in the Nerong Strait waters that separate kei besar islands and kei kecil islands. While inshore 

shoals Wama, Tibun, and Vurlilan are located in the Rosenberg Strait that separates dullah islands and 

nuhuroa islands within the group of kei kecil islands. Some parts of the shoals are still above sea level 

during the daily flood tide. The seabed substrate of the shoals consists of gravel and sand with depth at 

flood tide ranging from 0 to 3 meters.  The bathymetry map in the shoals and around the shoals as well 

as the geographical position and the size of the inshore shoals is presented in Figure 2 and Table 1, 

respectively.   

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Bathymetry Map in and around the five inshore shoals 
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Table 1. Local names of shoals, geographical position, areas and position on sea level (SL) during 

Period of Met Ef. 

 

No. Names of Shoals 
Latitude; 

Longitude 

Area 

(Ha) 
Remarks 

1 North Samar 
132o 50’12E; 

5o41’29” S 
12.5 Above SL 

2 South Samar 
132o50’10’’E; 

5o41’54” S 
3.1 Above SL 

3 Wid 
132o49’34”E; 

5o43’49”S 
114.3 Above SL 

4 Wama 
132o48’25”E; 

5o42’28”S 
4.2 Below SL 

5 Tibun 
132o48’10”E; 

5o42’28” S 
12.8 Above SL 

6 Vurlelan 
132o48’02”E; 

5o43’10”S 
25.1 Above SL 

 
The lowest depth level category on the Mef Ef period ranges from 0 to 5 meters and even partially 

above sea level except for the shoal Wama which ranges from 5 to 10 meters. Shoal Wid is the widest 
shoal compared to the other and the most accessed shoal by surrounding villagers, the second most 
accessed are Tibun and Vurlelan, and the third is Samar. While the Wama which is always below the 
sea level.  

 

3.2. Characteristics of Met Ef as a tidal phenomenon  
Type of tide in the waters of kei archipelago is categorized as a Mixed tide prevailing Semi-Diurnal; 
namely, tide occurs twice a day. Larger tides occur in the morning while smaller tides occur in the 
afternoon and evening.  The peak of Met Ef in 2016 occurred on November 16, at that time the tidal 
amplitude reached 2.80 m. Tidal type curves, time and tidal amplitude are presented in Figure 3. 
 

 

 
 

Figure 3.  Tidal type curves, tidal amplitude, and 
time of tide on November 16, 2016  in kei islands 
(taken from tide charts mobile applications), 
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Maximum monthly average of tidal range in 2013 to 2016 increased from September to November 
but then back to decrease in December which had been confirmed on the tide pole is shown in Figure 4 
below, 

 
Figure 4.  Maximum tidal range average during Met Ef 
that occurs around the full and the new moons periods 
in October (O), November (N), and December (D), 
2013 to 2016. 

 

The meaning of the term met ef, i.e., "met" means low tide, and "ef" means drought. The met ef term 

is intended for the largest tidal phenomenon occurring in October, November, and December.  The local 

communities of the kei islands have long known that the tidal phenomenon always comes along with 

hot and dry climatic conditions and calm sea water surface due to low wind speed. These climatic 

conditions have become the indicator of the met ef period for the local communities.  The average data 

of air temperature, rainfall, rainy day frequency and wind speed per month during 2013 to 2016 are 

presented in Figures 5, 6, 7 and 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The average monthly (oC) air temperature from 2013 

to 2016 in the kei islands 

 

Figure 5 presents the average monthly air temperature conditions in the kei islands from 2013 to 

2016. Namely, the lowest average air temperature occurred in August, (26 ° C) whereas the highest 

temperature occurred in November 28.5oC. 
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Figure 6. Rainfall (mm) monthly average from 2013 to 

2016 in the kei islands 

 

Figure 6 presents the relatively lower rainfall (mm) based on the average monthly rainfall from 2013 

until 2016 occurred in August, September and October while the highest average rainfall occurred in 

January. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Frequency of average monthly rainy days 

from 2013 to 2016 in the kei islands 

 

Figure 7 presents the frequency of the average monthly rainy days from 2013 to 2016 in the kei 

islands, i.e., the lowest rain frequency (day) occurs in October (less than 10 days) while the highest in 

September (30 days). 

 

 

Figure 8.  Monthly average wind speed (knots) from 2013 to 
2016 in the kei islands 
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Figure 8 presents the average monthly wind speeds from 2013 to 2016 in the kei islands, i.e., the 
highest average speed occurred in July and the wind speed decreased gradually until reaching the lowest 
speed in December. 

 
3.3. Exploitation of Benthos at the inshore shoals  

The five inshore shoals are shared by several villages around shoals even though there are villages 
claiming to be their own. Intensive use happens only in the Met Ef period, especially October.  The 
benthos collected by the people in the five shoals are generally Hanoat or Giant clam (Tridacna sp.), 
"Ngeng" or Spider conch (Lambis sp.), "Arut" or Hammer Oysters ("Malleus sp.") "Eb or Sea cucumber 
(Stichopus sp, and Holothuria scabra), and Krit or Octopus (Octopus spp,).  The people who exploit the 
shoals consist of people from several, i.e., Ohoitel, Vatran, Taar, Faan, Wearlilir, Sathean, Ibra Iso, 
Disuk, Revav. But Sathean and Ibra are the villages that the most intensively exploit the benthos in the 
shoals compared to other villages.  According to the fisherman, although the number of people who 
exploit the benthos in the shoals has decreased lately the yields are getting smaller and size are also 
getting smaller. Based on interviews that the decreasing of people who currently exploits benthos in the 
shoals compared to previous time due to local people turn to seaweed culture business which is more 
economical value.  The peak of benthos exploitation during the Met Ef period, occurs at least 1 to 6 
times per month.  It starts from the full moon to 6 days after the full moon and 2 to 6 days after the new 
moon. Benthos commonly collected from the shoals are presented in Table 2. The peak of benthos 
exploitation during the Met Ef period, occurs at least 1 to 6 times per month. It starts from the full moon 
to 6 days after the full moon and 2 to 6 days after the new moon. 

3.4. Discussions 
Met Ef phenomenon characterized by low tide with a relatively large tidal range classified as a tidal 
meso (2.5 m and 4 m). In addition, due to the gently sloping coastal bed topography of the kei kecil 
islands so that during low tide in October, November, and December where the tidal range reaches 2.60 
to 2.80 m, the drought tidal plains become very wide and even the coral banks or shoals that normally 
lies below the surface of the water popping up above sea level. This has led to the accessibility of local 
communities to exploit benthos that inhabits shoals more intensively than in other months. Between 
October, November, and December, benthos exploitation with the highest intensity was conducted in 
October, this was due to at that time, the rainfall and the number of rainy days were very low, as well as 
the low wind speed causes the sea to be clear and calm. Similar climatic conditions also occurred in 
November, with the highest tidal range but since intensive exploitation has occurred in October so that 
in November and December, the number of people who exploit the shoals became diminished due to the 
reduced of benthos in those shoals. 

Table 2. Benthos which collected in shoals during period of Met Ef and its user villages 

 

No. Name of Shoals 
Local common and Scientific  Names 
of benthos 

User Village of shoals 

1 North ‘Samar’ 
Arut (Malleus sp.), Ngeng (Lambis 
sp.), Hanoat (Tridacna sp.) 

Eb (Stichopus sp., Holothuria sp., 

Ohoitel, Vatran, Taar, 
Faan, Wearlilir, 
Sathean, Ibra 

2 South ‘Samar’ 
Hanoat (Tridacna sp.) 

Krit (Octopus spp.), Eb (Stichopus sp., 
Holothuria sp.), 

Ohoitel, Vatran, Taar, 
Faan, Wearlilir, 
Sathean, Ibra 

3 Wid 

Hanoat (Tridacna sp.), Arut (Malleus 
sp.), Ngeng(Lambis sp.), Krit (Octopus 
spp.) 

Eb (Stichopus sp., Holothuria sp.,) 

Sathean, Iso, Disuk, 
Ibra, Wain, Revav, 
Rumat 

4 Wama 
Hanoat (Tridacna sp.), 

Eb (Stichopus spp.,         Holothuria 
sp.) 

Taar, Sathean, Faan, 
Wearlilir, Ohoitel, 
Vatraan 
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The most collected Benthos are Tridacna sp., Malleus sp., Lambis sp, and Octopus spp. The species 
of benthos are abundant in shoals because they are generally not exploited in other months except at Met 
Ef. Especially numbers of Tridacna sp., have been greatly reduced in the tidal plains because it has been 
intensively exploited for a long time to be marketed as a source of protein and other things for local 
communities as elsewhere in the Indo Pacific, including the kei islands. Giant clams are commercially 
important for the food market [16, 22), shell craft industry [10] and in the live marine aquarium trade 
[13]. Overexploitation of this valuable and multi-facetted resource has led to the decline of natural stocks 
throughout its natural Indo-Pacific range and the ecological extinction [20] in some areas of the larger 
species (Tridacna gigas Linne, 1758; Tridacna derasa [4, 15, 11]. The exploitation of the Giant clam is 
alarming because its availability in nature has been reduced, whereas the eight species of Giant clams 
have been defined as endangered species, and are included in the Convention of International Trade of 
Endangered Species, and are included in the Convention of International Trade of Endangered Species 
(CITES) list (25, 8].  In addition, Giant clams are also of distinct ecological significance as they 
contribute to reef development and are an important prey item and provide shelter for many other marine 
organisms [18].  The small giant clam T. maxima (max known size < 40 cm, but size modes usually 
between 5 and 15 cm; [6] can be found on sandy bottoms, but is typically embedded in hard substrate. 
With large clams being preferentially targeted by fishers given the better catch per unit effort, this species 
remained relatively untargeted by fishers until recently, in countries where larger species co-occur (the 
giant clam T. gigas, the fluted giant clam, the southern giant clam and the bear paw clam; [14]. The 
small giant clam (T. maxima) is currently classified as lower risk/conservation dependent (i.e. species 
of ‘least concern') under the IUCN red list of threatened species (2004). However, with most larger 
species having been over-exploited, some studies report the unsustainable exploitation of this smaller 
species (26, 12] and recommend that the species' IUCN status be reconsidered [17]. 

Another benthos species also targeted for the exploitation by people in the five shoals during Met Ef 
is the spider conch.  The common spider conch Lambis lambis is distributed in shallow waters of the 
Indo-Pacific. The conches are sought by shell collectors of Philippines, Solomon Islands, Indonesia and 
India [2]. It is harvested and consumed as food in Japan. The conches are found to occur mainly on 
sandy patches among rocks or coral reefs, from the intertidal region to depths up to 20 m [9].  Of the 
eleven known species of Lambis sp., from Indian waters [1], six are listed in Schedule IV of the Indian 
Wildlife Protection Act, 1972, banning commercial exploitation. Studies on breeding of Lambis 
lambis are limited, the only known published work being that of [7]. In India, studies on Lambis spp. 
are limited to its habitat and feeding [23]. The present study is an attempt to collect, maintain and breed 
the common spider conch Lambis lambis under captivity in order to develop a methodology for brood 
stock maintenance and to study their feeding behavior, mating, spawning and larval development.  The 
common spider conch Lambis lambis is distributed in shallow waters of the Indo-Pacific. The conches 
are sought by shell collectors of Philippines, Solomon Islands, Indonesia and India [2]. It is harvested 
and consumed as food in Japan. The conches are found to occur mainly on sandy patches among rocks 
or coral reefs, from the intertidal region to depths up to 20 m. Of the eleven-known species of Lambis 
from Indian waters [1].  

Black hammer oyster is found in seagrass meadows with the ‘T' shape buried. They range in depths 
of 1 to 15 meters. It is also found to be growing in close colonies. Maximum shell height is about 25 cm. 
The outer shell is often encrusted with calcareous algae and other organisms.  Black hammer oysters are 
locally collected in Indonesia and the Philippines for production of lime and shell craft.  It has a 
widespread distribution – Indo-West Pacific from East Africa, including the Persian Gulf, to Melanesia; 
north to Japan and south to Queensland [5].  

Octopuses are commonly found in the sea and subtropics around the Mediterranean region, the far 
eastern regions and the South Pacific. In Indonesia, allegedly present in the waters of Kalimantan, 
Sulawesi, Maluku and Banda. Octopus can live in shallow water and also present at the tidal boundary 
until somewhat deep with depth of 4000 meters to 5000 meters. Mostly swim and move together in large 
herds. Actually, the octopus is benthic or sticking [3], and usually forms a sanctuary within the crevices 
of rocks, rocks, seaweed in coastal waters. The most preferred residence is hollow rocks. Octopus is 
active at night or called a nocturnal animal [24, 27].  
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4. Conclusions 
Met Ef occurs in October, November, and December. The lowest tide average during 2013 to 2016 
occurs in November with an average tidal range of 2.66 m but the highest exploitation intensity tends to 
be in October so that in November and December the number of benthos in the shoals has decreased and 
the exploitation intensity also has decreased.  Giant clam (Tridacna sp.), Spider conch (Lambis sp.), 
Hammer oyster (Malleus sp.), and Octopus (Octopus spp.) are benthos targeted for exploitation in the 
shoals.  Tridacna sp. decreased in number and size compared to previous time  
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