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ABSTRAK

Tujuan penelitian ini adalah mengestimasi daya dukung lingkungan sumberdaya kawasan Kabupaten Kutai kartanegara yang dapat dimanfaatkan bagi kegiatan perikanan yang berkelanjutan dengan pendekatan jejak kaki ekologis. Penelitian dilakukan pada Bulan Desember 2013 dan data yang dianalisis adalah data primer yang diperoleh di lapangan dan data sekunder yang berasal dari Laporan Statistik Perikanan Dinas Kelautan dan Perikanan Kabupaten Kutai kartanegara dan Propinsi Kalimantan Timur, studi literatur dan laporan-laporan penelitian yang relevan dengan penelitian ini. Hasil penelitian menunjukkan bahwa kebutuhan ruang ekologis untuk aktivitas perikanan di Kutai kartanegara dipengaruhi oleh peningkatan produksi, keanekaragaman alat tangkap, fluktuasi jumlah nelayan dan peningkatan jumlah penduduk. Selain itu, terdapat ruang ekologis yang dapat dilakukan untuk kegiatan pemanfaatan perikanan dan merupakan indikator keberlanjutan bagi kegiatan perikanan di kawasan Kutai Kartanegara yang dapat ditunjukkan dengan rata-rata kebutuhan ruang sebesar 1,18 x 106 ha dengan pemanfaatan lahan perikanan/ecological footprint sebesar 0,0022 ha/kapita.
Kata Kunci : Daya dukung, Jejak kaki ekologis, Kutai Kartanegara



INTRODUCTION
Kutai Kartanegara regency has area of 27.263,10 km2 consist of 4.097 km2 marine area. In geographical, Kutai Kartanegara regency located between 115°26’28” BT - 117°36’43” BT and 1°28’21” LU - 1°08’06” LS. The most part of area topographic is wavy, sloping and sharp. Areas with flat wavy until gentle slope located in several parts of coastal areas and the Mahakam River Basin. In the rural areas and the border is generally a mountainous area with an altitude of 500-2000 m above sea level (Kutai Kartanegara Regency in figures 2012).
Population growth and economic growth that occurred in Kutai Kartanegara Regency have driven the increasing demand toward fishery commodities. Population data were taken from the report of statistics of Kutai Kartanegara Regency noted that the population growth of Kutai Kartanegara regency from year 2007 to year 2011 were 20.81%. It impacted to the increasing demand for fish resources, which lead fish resources utilization exceeding the carrying capacity and threaten the sustainability fisheries resources. The development of the fishing industry more based on technological and economic considerations but less carefully considers ecological factors, social, and sustainability fisheries resources, thus impacted toward decreasing welfare of fishers due to uncertainty of sustainable fisheries business.
The ecological footprint is a resource accounting tool that measures how much bioproductive land and sea is available on earth, and how much of this area is appropriated for human use (Kitzes J. et al 2007). Ecological footprint analysis is used to compare the natural resources utilization by humans in everyday life with bioproductive land use that used to support populations, in which commonly expressed in units of global hectares that is normalized to have the world average productivity of all biologically productive land and water in a given year. Ecological footprint has been developed by Wackernagel and Rees (1996); Wackernagel et al. (1999). The basic idea is that every individual, process, activity, and region has an impact on earth, via resource use, generation of waste and the use of services provided by nature. These impacts can be converted to biologically productive area such as land able to perform photosynthesis and produce biomass. (Monfreda et al 2004). Adrianto (2005) stated ecological footprint is a concept of environmental carrying capacity with respect to the level of consumption. Wilson and Anielski (2005) also added that ecological footprint is a tool to monitor a progress towards sustainability. In this study, ecological footprint of fisheries will be used to evaluate sustainability capture fisheries in Kutai Kartanegara Sea from year 2007 to 2011 year. Carrying capacity of fisheries is very important for planning of sustainability capture fisheries in Kutai Kartanegara. Sustainable development in coastal resources management is addressed to human welfare in utilizing natural resources and environmental services contained in marine and coastal, thus in utilization of natural resources and environmental services is expected not exceed the carrying capacity of marine and coastal.

METHODOLOGY
Annual catch data were taken from the Report of Marine and Fisheries Agency, Kutai Kartanegara Regency and Report of Marine and Fisheries Agency, East Kalimantan Province from year 2007 to year 2011. Furthermore, this data is processed by ecological footprint approach to obtain primary production required (PPR). Theoretically, Pauly and Christensen (1995) divides the aquatic systems into six system and primary production, namely : open ocean system (103 gC.m-2.year-1), upwellings system (973 gC.m-2.year-1), tropical shelves (310 gC.m-2.year-1), non tropical shelves (310 gC.m-2.year-1), coastal/reef system (890 gC.m-2.year-1), and freshwater system (290 gC.m-2.year-1). Determining the primary production necessary of each type of fish can be calculated based on a reference table of species group issued by FAO. Generally, there are two system in Kutai Kartanegara Sea, namely trophic systems and coastal systems, as shown in Table 1.

Table 1. Trophic level of species group
	Aquatic Systems
	FAO Codes
	Species Group
	Trophic Level

	Tropical shelves
	24, 35
	Small pelagics
	2.8

	
	31, 33, 39
	Misc. Teleosteans
	3.5

	
	34, 37
	Jacks, mackerels
	3.3

	
	36
	Tunas, bonitos, billfishes
	4.0

	
	57
	Squids, cuttlefishes, octopuses
	3.2

	
	45
	Shrimps, prawns
	2.7

	
	42-44, 47, 77
	Lobster, crabs and other
invertebrates
	2.6

	
	38
	Sharks, rays, chimaeras
	3.6

	Coastal and coral systems
	52-56, 58
	Bivalves and other molluscs
	2.1

	
	31, 39
	Miscellaneous marine fishes
	2.8

	
	35
	Herrings, sardines, anchovies
	3.2

	
	9
	Seaweeds
	1.0

	
	34, 37
	Jacks and mackerels
	3.3

	
	23-25
	Diadromous fishes
	2.8

	
	43-45, 47
	Shrimps, prawns
	2.6

	
	42, 74-77
	Crustaceans and other invertebrates
	2.4

	
	72
	Turtles
	2.4


Source: Pauly dan Cristensen (1995)

The Primary Production Required (PPR), as proposed by Pauly and Christensen (1995)  is computed from:



Where Ci is the catch of species i, CR is the conversion rate of wet weight to carbon, TE is the trophic transfer efficiency, TLi is the trophic level of species i and n is the number of species caught. Ratio for CR is a 9:1 and TE is 10%.

RESULT AND DISCUSSION
1. Capture Fisheries Characteristics
a. Fishers
Number of fishers in Kutai Kartanegara Regency during the period 5 years (from 2007 to 2011) have decreased except in year 2009. Number of fishers in year 2011 were 7,761 fishers or decreasing of 7.25% from year 2010. The decreasing of fisher number was caused by the decreasing of fishers income and many fishers were turning to other activities. Growth in the fishers number from year 2007 to year 2011 can be seen in Figure 1.


Source: Secondary data processed (2013)
Figure 1. Growth in the fishers number from year 2007 to year 2011


b. Number of marine fishing boats
There are 3 types of fishing boats in the Kutai Kartanegara, namely non powered boats, out board motorboats and motorboats (0-5 GT). Growth of fishing boats period year 2007 - year 2011 fluctuated, however generally these are decreased except out board motorboats. Overall, decreasing to all of types of fishing boats are 15.24% that consist of decreasing of non powered boats are 20.69% and decreasing of motorboats (0-5 GT) are 17.37%, in other side, out board motorboats increase to 19.78%, as shown in Figure2.


Source: Secondary data processed (2013)
Figure 2. Number of marine fishing boats

c. Number of fishing gears
In year 2011, the  number of fishing gears used by fishers in Kutai Kartanegara are 12,153 units, in which  the common types of fishing gear used are : gilnet by 5,224 units (42.99%), seine net by 2,315 units (19.05%), lif net by 1,994 units (16.41%),  trap by 1,425 units (11.73%) and hook lines by 1,195 units (9.83%). During year 2007-year 2011, growth in number of fishing gears in Kutai Kartanegara Sea fluctuated, in which fishing gear of trap has a decreasing trend. Growth in number of fishing gears from year 2007 to year 2011 can be seen in Table 2.


Table 2. Number of fishing gears
	Fishing gears (units)
	years

	
	2007
	2008
	2009
	2010
	2011

	Seine net
	8,340
	8,340
	8,400
	3,134
	2,315

	Gillnet
	21,771
	21,771
	21,831
	5,022
	5,224

	Lift net
	15,450
	15,450
	15,510
	-
	1,994

	Hook lines
	35,949
	35,949
	36,009
	37,255
	1,195

	Trap
	15,038
	15,038
	15,098
	12,940
	1,425

	Others
	13,062
	13,116
	13,176
	-
	-

	Total
	109,610
	109,664
	110,024
	58,351
	12,153


Source: Secondary data processed (2013)

d. Growth in fish production
Generally, growth in fish production from year 2007 to year 2011 increased. Table 3 showed the highest growth of fish production occured in year 2010 that growth of 18.43%. In period 5 years, the average of fish production was 28,259.40 tonnes or average growth was 5.42%, as shown in Table 3.
Table 3. Growth in fish production
	Years
	Fish productions (tonnes)
	Growth (%)

	2007
	26,025.90
	

	2008
	26,130.00
	0.40

	2009
	26,235.00
	0.40

	2010
	31,071.00
	18.43

	2011
	31,835.10
	2.46

	Average
	28,259.40
	5.42


Source: Secondary data processed (2013)

2. Fisheries Ecological Footprint
Ecological footprint (EF) analysis is a concept that describe a relationship between the resource utilization level and the available land area/biocapacity, (Adrianto and Matsuda 2004). Purpose of this approach is determining how the maximum of resources utilization and the available land area to a sustainable ecosystem (Adrianto 2006). Footprint analysis in fishing ground can be calculated based on the maximum catch of fish species (Gulland 1991), then converted to primary production according to the trophic level of fish species (Ewing et al., 2008; WWF 2008).


Figure 3. Fisheries ecological footprint in Kutai Kartanegara Regency

	In figure 3 showed during five years Ef value of Kutai Kartanegara (local) has declined. In 2007 EF value that was 0.0026 km2.capita-1 and space requirements was 1,356,031,78 km2 or approximately 567 times the land area of Kutai Kartanegara continued declining until 2011, where in that year EF value was 0.0012 km2.capita-1 and space requirements was 609,870.15 km2 or approximately 255 times the land area of Kutai Kartanegara. EF value of East Kalimantan (region), otherwise, has fluctuated. In 2007 EF value that was 0.0019 km2.capita-1 and space requirements was 5,684,735,19 km2 or approximately 20,851 times the land area of East Kalimantan declined in 2008, where in that year EF value was 0.0016 km2.capita-1 and space requirements was 5,103,306.73 km2 or approximately 18,719 times the land area of East Kalimantan. In 2010 EF value of East Kalimantan, however, turn back increased with EF value was 0.0019 km2.capita-1. Furthermore, EF value of East Kalimantan turns back declined in 2011, where in that year EF value was 0.0017 km2.capita-1 and space requirements were 5,106,439.97 km2 or approximately 18,730 times the land area of East Kalimantan. The change space requirements, both local and region, caused by an increasing fish production, the diversity of fishing gear that used by fishermen, fluctuating of fishermen number, and an increasing population to fulfill the animal protein need, especially derived from fish resources. More details of space requirements can be seen in Table 4.

Table 4. Ecological space requirements in local and region aquatic system
	Characteristics
	Years
	Average

	
	2007
	2008
	2009
	2010
	2011
	

	Kutai Kartanegara
	 
	 
	 
	 
	 
	 

	PPR trophic shelves (kg)
	392,158,798
	393,073,991
	361,672,502
	377,303,505
	148,267,261
	334,495,211

	PPR Coastal and coral system (kg)
	80,993,026
	83,636,394
	88,512,516
	98,008,986
	117,113,908
	93,652,966

	Population
	518,722
	528,702
	538,529
	626,680
	650,908
	57,2708

	EF (Km2.capita-1)
	0.0026
	0.0026
	0.0024
	0.0021
	0.0012
	0.0022

	Space requirements (km2)
	1,356,031.78
	1,361,954.09
	1,266,137.76
	1,327,230.54
	609,870.15
	1,184,245

	Scope (times)
	567
	570
	529
	555
	255
	495

	East Kalimantan
	 
	 
	 
	 
	 
	 

	PPR trophic shelves (kg)
	1,663,987,902
	1,477,605,377
	1,615,251,133
	1,986,424,111
	1,467,845,132
	1,642,222,731

	PPR Coastal and coral system (kg)
	282,158,728
	299,785,622
	296,841,325
	342,633,232
	330,595,553
	310,402,892

	Population
	3,024,800
	3,094,700
	3,164,800
	3,553,143
	3,690,520
	3,305,592.6

	EF (Km2.capita-1)
	0.0019
	0.0016
	0.0018
	0.0019
	0.0017
	0.0018

	Space requirements (km2)
	5,684,735.19
	5,103,306.73
	5,544,017.10
	6,792,800.87
	5,106,439.97
	5,646,259.97

	Scope (times)
	20,851
	18,719
	20,335
	24,916
	18,730
	20,710



An increasing fish production, the diversity of fishing gear, fluctuating of fishermen number, and an increasing population greatly affects ecological space requirements for fisheries activities. This study showed that the average of space requirements for Kutai Kartanegara was 1.18 x 106 ha with fisheries land utilization was 0.0022 ha.capita-1 (lower). The average of space requirements for East Kalimantan, moreover, was 5.65 x 106 ha with fisheries land utilization was 0.0018 ha.capita-1 (lower). It implicated that there was ecological space for fisheries utilization and an indicator of sustainability for fisheries activities in this region.
Compared with other regions, fisheries EF of Kutai Kartanegara and East Kalimatan smaller than Hongkong (0.20 km2.capita-1); Guernsey UK (1.41 km2.capita-1); Japan (1.90 km2.capita-1); Yoron Islands Japan (0.014 km2.capita-1); and Brazil (0.25 km2.capita-1). Table 5 presents a comparison of fisheries EF both local and region with other regions in the world. EF is an assessment of total bioproductive region that required for sustainability in the world, in which depicting human activity by counting three ecosystem functions, namely resources supply, absorb waste, and infrastructure space (Haberl et al. 2004)


Table 5. Comparison of ecological space requirements for fisheries
	Country/region/island
	Fisheries ecological footprint
	Space requirements

	Global resources(a) 
	0.30
	23 x 106

	Hongkong(b)
	0.20
	14,220 km2

	Guersney UK(c)
	1.41
	84,000 km2

	Japan(d)
	1.90
	-

	Yoron islands Japan(e)
	0.014
	87,168 km2

	Brazil(f)
	0.25
	-

	Batudaka islands(g)
	0.0004
	5,339 km2

	Tojo Una-una Regency(g)
	0.003
	446.402 km2

	KKLD Olele(h)
	0.002
	1,487 km2

	Kabila Bone sub-district (h)
	0.0002
	13,394 km2

	Kutai Kartanegara Regency
	0.0022
	1.18 x 106 km2

	East Kalimantan province
	0.0018
	5.65 x 106 km2


Sources: (a) WWF (2002); (b) Warren-Rhodes and Koening (2001); (c) Chambers et al. (2000); (d) Wada. Y (1999); (e) Adrianto and Matsuda (2004); (f) Pereira and Ortega (2012); (g) Sulistiawati (2011); (h) Djau M.S (2012).
	
CONCLUTION
1. Ecological space requirements for fisheries activities in Kutai Kartanegara is affected by An increasing fish production, the diversity of fishing gear, fluctuating of fishermen number, and an increasing population.
2. There is ecological space for fisheries utilization and an indicator of sustainability for fisheries activities in Kutai Kartanegara. It can be seen by the average of space requirements for Kutai Kartanegara is 1.18 x 106 ha with fisheries land utilization is 0.0022 ha.capita-1 (lower).

RECOMMENDATION
1. The existence of policies and strategies of sustainable fisheries development in Kutai Kartanegara by involving the fisheries stakeholders
2. Conducting an evaluation and a monitoring toward a sustainable fishery resource in Kutai Kartanegara
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8,460
8,460
8,545
8,368
7,761

2007	2008	2009	2010	2011	8460	8460	8545	8368	7761	Years

Fishermen (person)

Non powered boats	
2007	2008	2009	2010	2011	116	116	356	136	92	Out board motor boats	
2007	2008	2009	2010	2011	450	450	450	587	539	Motor boats (0-5 GT)	
2007	2008	2009	2010	2011	7074	7074	7314	6050	5845	total	
2007	2008	2009	2010	2011	7640	7640	8120	6773	6476	years

Number of marine fishing boats
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