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Abstract
This research investigates the impact of bait harvesting on fisheries sustainability and ecosystem restoration along the Kenyan coastline, which stretches approximately 1420 km and encompasses a narrow but productive inshore fishing area. Seasonal winds, particularly the northeast and southeast monsoons, limit fishery activities. The study focuses on the role of fisheries in rural and peri-urban communities, the contribution of artisanal fisheries to the national GDP, the growth rate of artisanal fishery, and the exploitation of polychaete bait as the primary bait source. Additionally, the study examines the harmful effects of unregulated bait harvesting on the intertidal ecosystem, including habitat destruction, biodiversity loss, and the release of heavy metals. The potential for introducing alternative baits to transform fishing practices and aid ecosystem restoration efforts is also explored. The research was carried out along Mtwapa creek (30 57'00''S 390 44'40''E), with study sites at Kidongo (30 57' 10.8'' S, 390 42'52.9'' E), Customs beach (30 57'23.6'' S, 39045'25.8'' E), Navy (30 57' 10.8'' S, 39045'52.9'' E), and Pirates beach (30 59'41.9'' S, 39045'05.2'' E). The collected data underwent CPUE treatment, considering factors like soaking time, detachment, and catch. The bait with the shortest soaking time and detachment was deemed superior. A total of 320 fishing episodes were monitored, involving Hermetia illucens larvae (146), polychaete (6), earthworm (25), and Wild Marphysa mossambica (143). These fishing occasions resulted in landing 103 fish, with a catch rate of 32.2%. The landing consisted of 20 fish species, mainly dominated by Lethrinus variagatus (15.6%), Lethrinus obsoletus (2.8%), and Caseo caerulaurea (2.8%). Cultured Marphysa mossambica (2.77±0.22 hr) and Lumbricus terrestris (1.44±0.11 hr) had the longest fishing duration compared to Hermetia illucens larvae (0.36±0.04 hr) or wild Marphysa mossambica. However, both cultured Marphysa mossambica (46.00 g) and Lumbricus terrestris (88.40 g) yielded larger fish than wild polychaete (28.760 g) or Hermetia illucens larvae. Cultured (0.83) and wild (0.51) Marphysa mossambica had the highest landing frequency compared to Lumbricus terrestris (0.32) or Hermetia illucens larvae (0.12). The research documented the capture per unit effort (CPUE) of four baits: Hermetia illucens larvae, Lumbricus terrestris, wild, and cultured Marphysa mossambica. M. mussambica performed well in all study locations, with both cultured and wild varieties recording significant landing rates, suggesting their consideration by the fishing community. Cultured Marphysa mossambica, in particular, could reduce pressure and damage to the nearshore ecosystem, as well as shorten fishing time for the fisher community. Hermetia illucens larvae show great potential in artisanal fishery and should be adopted as a bait. In conclusion, this research sheds light on the importance of bait harvesting's impact on fisheries sustainability and ecosystem restoration along the Kenyan coast. It highlights the need for sustainable bait alternatives to preserve the coastal ecosystem while ensuring the continued prosperity of artisanal fishing communities.
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Introduction 
Fishing is an essential activity along the Kenyan coastline, providing livelihoods, enhancing value chains, and ensuring food security for numerous rural villages and peri-urban centers. With the coastline spanning approximately 1420 km, the region's narrow but productive inshore fishing area faces challenges such as seasonal winds, particularly the northeast and southeast monsoons, which can limit fishery operations (Chuenpagdee R. et al., 2006; UNEP, 1998). To sustainably support fishing activities, the selection of suitable bait plays a crucial role.

Traditional artisanal fisheries, which form a significant portion of sub-Saharan Africa's fishing sector, rely on various baits such as ragworms, lugworms, crabs, shellfish, and mollusks, including popular species like Marphysa mossambica (Hanrahan K., 2004). Thus, there is a need to explore sustainable alternatives that can replace or supplement wild bait sources. The artisanal fishing sector along the Kenyan coast has experienced a steady increase in the number of fishermen, with a growth rate of 2% since the 1980s (McClahann et al., 2008). According to the Ministry of Agriculture and Fisheries (2014), there are currently over 5600 artisanal fishers, particularly those employing hook and line fishing methods, along the coastal belt. These artisanal fishers, contribute approximately 90% of the total fish landing while utilizing traditional fishing gears (Fondo E.N., 2004). The fishing gears include basket traps, barricades, weirs (tata), gillnets, shark nets, cast nets, longlines, and handlines (Fondo E.N., 2004). Many of these fishing gears heavily rely on baits for their effectiveness. 

One of the most exploited bait sources along the Kenyan coast is the polychaete worm Marphysa sp. (Kihia et al., 2015a), which is obtained through unsustainable digging practices from nearshore substratum, often muddy or sandy shores. The collection of polychaete worms as bait has its limitations due to the need for sustainable collection practices and the adverse effects it has on the habitat. However, uncontrolled harvesting of wild baits can have detrimental effects on the environment; unsustainable extraction of polychaete worms disrupts the delicate balance of the intertidal ecosystem, affecting other species and releasing heavy metals from sediments (Logan, 2005); Kihia et.al., 2015b).

The selected alternatives, Hermetia Illucens larvae and Lumbricus terrestris can offer potential advantages in terms of availability, sustainability, and effectiveness as fishing baits. The alternatives were chosen based on familiarity with the fisher community (Lumbricus terrestris) and emerging usage Hermetia illucens larvae as a great protein and fat source at farm level and also a fish feed component in aqua-culture. By evaluating alternative baits, this study aims to identify sustainable options that can reduce the pressure on wild bait resources and promote the long-term health of the coastal ecosystem (Béné et al., 2015, Hilborn et al., 2020).

By conducting a comparative analysis, this study sought to provide new evidence on the performance and potential benefits of using these alternative baits in comparison to the conventional Marphysa mossambica bait.

The findings of this study will contribute to the ongoing efforts to enhance fisheries sustainability and ecosystem restoration along the Kenyan coast. Furthermore, the introduction of alternative baits may lead to the transformation of fishing practices and provide opportunities for improving the efficiency and resilience of artisanal fisheries. Ultimately, this research aims to inform decision-makers, policymakers, and fishing communities about the potential benefits of adopting sustainable bait alternatives, promoting both ecological conservation and socio-economic development.

Materials and Methods
Study site description
The study was conducted along Mtwapa creek (30 57’00’’S 390 44’40’’E) which lays at the boundary between Kilifi County to the north and Mombasa county to the south. Mtwapa creek is approximately 14Km channel which opens up to the Indian ocean along a narrow channel at Customs as marked in the map 1. The creek is surrounded by anthropogenic activities ranging from steep arable lands used for agriculture to the west of the creek areas around Mtepeni and Kidongo and by rocky shores around Mtwapa area. The area is also surrounded by muddy shores along Kwetu training centre (3057’10.8” S, 39042’52.90 E) mariculture shores. The surrounding contributes to pollution and siltation of the creek. The inter-tidal zone is a combination of muddy shores- up-stream, sandy shores- downstream and rocky shores at the mouth of the ocean.
The creek has scanty mangrove patches dominated by Rhyzophora sp. at Kidongo (Fig 3.1), Customs beach, Kitumbo, and Gongombe. The creek is connected to three seasonal rivers Kwandovu, Kashani and Kidutani. The temperatures are quite high throughout the year (25o C-30 OC) and rains are quite high as compared to other areas within the County of Kilifi at around (900- 1100 mm) and it occurs mainly during April-June (Mwaka) and November- December (Masika). The rainfall patterns are driven by the Monsoon winds highest during the South East Monsoon (April- July). 
Adjacent to the creek is Mtwapa town which is a peri-urban town with a high population of people. There is substantial development of residential houses for the locals and hotels and lodges for holiday makers. Mtwapa town attracts high number of people due to the thriving tourism, business and upcoming industries (GoK, 2007). The town also attracts holiday makers. 
The creek records a total of 95 species of fish with teraponid, haemolid and gerrid dominating the rest (Kihia et.al., 2018). Other areas that sampling was done includes Navy beach (30 57’43.9” S, 39045’52.9” E), Pirates (30 57’22.8” S, 39045’28.0” E). 
		[image: Mtwapa maap]
		Map 1.  Location of Mtwapa Creek
[bookmark: _Toc108687843]3.2 Field measurements
The study was conducted in January-February 2018, followed up with another one which was conducted in October 2018 and another in in March 2019. The study coincided with the high fishing season along the Kenyan Coast (Jan Hoorweg et al, 2009). The study sites were: Kidongo (30 57’ 10.8” S, 390 42’52.9” E) Customs beach (3057’23.6” S, 39045’25.8” E), Navy (3057’ 10.8” S,39045’52.9” E) and, Pirates beach (3059’41.9” S, 39045’05.2” E) (Marked by red dots on Figure 1).
The approach towards use of the ocean and near shore fishing grounds was through beach management Units- BMU. Beach management unit idea was rolled out in 2006 to reverse the negative trends in fisheries and in particular where beach users and adjacent communities would be involved in fishery management (Oluoch and Obura, 2008).  Two Beach management units were approached to give guidance and ensure our activities were a success. This included Mtwapa Beach management unit which is situated at customs beach (3057’23.6” S, 39045’25.8” E) and coordinated by Kilifi County government and, Kidongo BMU situated in the shores of Mtwapa creek towards Majaoni area in Mombasa county.
Alternative baits as well as wild polychaete bait were used by fishermen in the study. 
1. The wild polychaete (Marphysa mossambica) bait were excavated along the edges of the shores and mangroves by the same fishermen using a wooden stake(Chulo) just before dusk. The collected wild polychaete was weighed and enumerated and then stored overnight in plastic containers with their substratum to minimize mortality of the baits. The baits were used during fishing expedition on the following day.
1. Earthworm (Lumbricus terrestris) was gotten from vermiculturists in Nairobi and Mombasa. The baits were weighed and enumerated then transported in well aerated containers together with their wet substrate and feed to minimize mortality and also to enhance their quality.
1. Black soldier fly larvae (Hermetia illucens) was cultured at Kwetu training centre-Mtwapa. The larvae were reared in the mixture of rotten vegetables and defecates from the rabbits and compost at the centre. The fourth and fifth in stars were preferred due to their size which is about 10mm and their soft exo-skeleton. 

1. Cultured Polychaete worm was cultured at Kwetu Training Centre for Sustainable Development.
The research relied upon very fresh baits obtained from source at least 2 hours before field trials. They were weighed (Nearest to 100grams) using a hand digital weighing machine and enumerated. Each bait was used separately per fishing expedition. Each zone had three fishing episodes with the same bait hence the baits were replicated in each zone.
Three types of hooks were also used, Size 11’, 12’ and, 13’. The hook sizes were preferred due to their size in relation to the baits used.  Two or three hooks were used per line (Nylon line). Expeditions were conducted on different zones of mtwapa creek:  Along customs beach trials were done by walking into water during high tide, along mtwapa creek (Kidongo) dugout canoes were used along the creeks while motor boats were employed at Navy and pirates beach.

The amount of bait used, type of fish captured, as well as the weight of fish captured was documented. 
[bookmark: _Toc108687844]Treatment and collection of data
Wild polychaete bait was used as control since most fishermen use it in their daily activities. The Black soldier fly larvae and earthworms were used as alternative to wild bait.
The amount of bait used was first weighed (Approx. 100g) of the bait was used per episode. The fish captured was weighed and measurements of body length and depth taken using a hand digital weighing machine and ruler respectively.
Places visited: specific sampling sites (GPS), Figures 

The deduced data was used to calculate capture per unit effort (CPUE). The type of fish and the time of capture were recorded as the main determinant of CPUE. 
Selectivity indices was used to determine the preference fish captured to the bait: 
 
where  = Relative abundance food types in the environment
= relative abundance in the diet
= forage ratio function. 
= forage ratio (Ivlev, 1961)
= the sum of all I is normalized to 1.
Catch per unit effort (CPUE)= Catch/ Effort 
Catch (Total)= all species taken together within the same geographical area, same period and specific gear used (hand line and hook will be most preferable).
Effort= total number of fisher days.
CPUE= Overall average derived from sampling and expressing how much fish (all species) is caught by unit effort.
Data analysis
The data collected was subjected to the CPUE Calculation.
·  The deduced data was used to calculate capture per unit effort (CPUE). The type of fish and the time of capture were recorded as the main determinant of CPUE. 
· Averages of the catch and the time spent to catch were calculated and subjected to the CPUE calculation: CPUE = Catch per unit effort (CPUE)= Catch/ Effort 
Results
Effort used to capture fish using different baits.
A total of 320 fishing episodes using cultured BSF (146), polychaete (6), earthworm (25) and wild polychaete (143) were monitored. During these fishing occasions a total of 103 fish corresponding to a catch rate of 32.2%, were landed. A total of 20 fish types dominated by Lethrinus variagatus (15.6%), Lethrinus obsoletus (2.8%) and Caseo caerulaurea (2.8%), were landed. 
Cultured polychaete (2.77±0.22 hr) and earthworm (1.44±0.11 hr), recorded the highest fishing duration compared to either BSF (0.36±0.04hr) or wild polychaete (table 1). Nonetheless, both cultured polychaete (46.00 g) and earthworm (88.40 g) landed larger fish than either wild polychaete (28.760 g) or BSF (Table 1). Cultured (0.83) and wild (0.51) polychaete recorded the highest landing frequency than either earthworm (0.32) or BSF (0.12). 
The formula of CPUE IS= Catch per unit effort (CPUE)= Catch/ Effort 
Catch (Total)= all species taken together within the same geographical area, same period and specific gear used (handline and hook will be most preferable).
Effort= total number of fisher days.
CPUE= Overall average derived from sampling and expressing how much fish (all species) is caught by unit effort. CPUE= Average catch / Average number of hours of expedition.

	 
	Averages 
	 
	 
	 
	 
	 

	Bait used
	Total time in fishing expedition (Hook 11,12 &13)
	Average time of expedition
	Number of fish captured
	Average number of fish captured (HOOK 11,12,&13)
	Total mass of baits used (Hook 11,12 &13)
	Average mass of baits used 

	Cultured polychaete 
	498
	166
	1.8
	0.6
	210
	70

	Wild polychaete 
	229.0694444
	76.35648148
	1.160714286
	0.386904762
	93.28571429
	31.09524

	Earth worms 
	252.2321429
	84.07738095
	0.925
	0.308333333
	98.25396825
	32.75132

	BSF 
	254.6666667
	84.88888889
	0.125
	0.041666667
	49.45833334
	16.48611


Table 1: Average of fish captured and time spent in the expedition.


	CPUE 
	 
	 
	 

	Bait Used 
	Average time of expedition (Hrs.)  
	Average number of fish captured 
	CPUE 

	Cultured polychaete 
	2.766666667
	0.6
	0.21686747

	Wild polychaete 
	1.272608025
	0.386904762
	0.304025084

	Earth worms 
	1.401289683
	0.30833333
	0.220035396

	BSF 
	1.414814815
	0.041666667
	0.029450262


Table 2: CPUE (number of fish per hour) of the baist used in research.

Table 1 and 2 brings out details of the baits used and the average time used for each bait to either get lost or to catch fish. It also introduces the three hook sizes used which has a direct correlation for the bait manipulation and use. The average number of fish also is indicated in the two tables. The highest fish catch per unit effort was recorded using wild polychaete (597.36 g.hr-1) (Table 2). This was nearly double that obtained with BSF (167.73 g.hr-1), nearly tenfold higher than earthworm (67.46 g.hr-1) and more than twentyfold higher than cultured polychaete (16.63 g.hr-1).


	BAIT TYPE
	N
	DURATION (Hr)
		WEIGHT (g)
	FREQUENCY

	BSF
	146
	0.36±0.04
	7.89±6.34
	0.12

	CULT POLY
	6
	2.77±0.22
	46.00±31.28
	0.83

	EARTHWORM
	25
	1.44±0.11
	88.40±15.32
	0.32

	WILD POLY
	143
	0.25±0.04
	28.76±6.43
	0.51

	F
	
	76.56***
	8.39***
	23.68


Table 3: Variation in fishing attributes of various type of bait deployed at Mtwapa creek, Kenya


Table 3: Wild polychaetes (14.15 fish.hr-1), had significantly higher catch rates than all the cultured bait types (Figure 1). Among the cultured bait, BSF (2.99 fish.hr-1) was the highest, however, these were similar to both cultured earthworm and polychaete which had the lowest rate of 0.20 fish.hr-1 (Graph 1)
Graph 1: Variation in fish catch rates among different bait types deployed by fishers at the Mtwapa creek, Kenya. 


Graph 2; Variation in fish catch per unit effort among hook fishers deploying cultured and wild bait at the Mtwapa creek Kenya.

The highest fish catch per unit effort was recorded using wild polychaete (597.36 g.hr-1) (graph 2). This was nearly double that obtained with BSF (167.73 g.hr-1), nearly tenfold higher than earthworm (67.46 g.hr-1) and more than twentyfold higher than cultured polychaete (16.63 g.hr-1) (Graph 2).

Discussion
The study sought to find out the amount of effort needed to capture fish using the four baits: Cultured polychaete, wild polychaete (M. mussambicca), Hermetia illucens, and, Lumbricus terrestris. The experiment was appropriated by episodes of fishing. The four baits were used in each episode using the same bait quantity and the same set of hooks (12,11,13).  Although the assistants had different experiences the results never indicated that as a fact of low catch rate for either bait.
 The surprising result was that less than half the attempts landed any catch. For a fact, only 103 fish were landed which about a third of the total effort at a catch rate of 32.2%. Considering that fishing is not a matter of placing the baits and pulling out immediately, the rate catch is hence low in comparison to the effort made. 
The effort to catch fish is sometimes less rewarding and some baits can make it painfully slow. Comparing the four baits used to catch fish in the Mtwapa creek off the Indian ocean to the northern part of coastal Kenya, some bait would take slightly under three hours. On the positive side, some baits can be over ten times faster. Of the four baits put to test, Lumbricus terrestris proved the worst tool of trade by attaining a catch after over two hours and forty-six minutes. This may have been due to the fact that earthworms are not naturally marine or they do not live on saline environments. They are more of ecosystem engineers breaking down organic matter in forested ecosystems (Craven et al. 2016). Therefore, introducing them in marine ecosystem causes them to deteriorate rapidly and fall of the hook. This phenomenon was experienced during the fishing expedition where there was bait loss and no catch.  
The best two baits on rewarding the fisherman’s efforts are the Egg-trapping of black soldier fly, also known as Hermetia Illucens and wild polychaete (M. mussambicca).  The black soldier fly landed fish within slightly over half an hour especially near the reef which would be explained by the number of species found at that zone. The wild polychaete is the best bait with a landing reward within a quarter of an hour oblivious of zonation in the fishing expeditions. This result indicates that different baits have different landing times and being able to know the difference could be the difference in making business sense and saving time. 
With the number of fishing attempts, there is a very big difference in the landing frequency among baits used in fishing. Though some baits are more efficient in landing a catch, no bait guarantees 100% landing frequency. While excellent baits earn over 75% reward on the number of attempted catches, some baits can have a landing frequency of as low as 10%. The findings of this study revealed that both cultured and wild Polychaete (Marphysa mussambicca) baits have an exciting landing frequency of 83%. This is a reliable landing rate for anyone seeking to save time and energy during the fishing effort. 
The surprise is the higher margin of frequency that the wild and cultured polychaete (M. mussambicca) baits have compared to the BSF and earthworm irrespective of the number of baits used. This study was however limited in that it did not ascertain the experience and preferences of the assisting fishermen which could have affected the study results. Although, this does not affect the credibility of the findings of this research, it attracts studies of today's experience by the fishermen. This question was however deliberately left out in this study based on the answers given by previous studies. 

Conclusion and recommendations
Conclusion 
The research was able to document the capture per unit effort (CPUE) of the use of the four baits: Hermetia illucens LARVAE, Lumbricus terrestris, wild and cultured marphysa mossambica. The M. mussambica landed fish in all the study locations with ease; Both the cultured and wild M. mussambica recorded significant landing and hence should be considered by the fisher community. 

Recommendations
Since the cultured polychaete has more or less the same performance as the wild polychaete, there is need for the artisanal fisher community to adopt culturing technologies which will significantly reduce the time spent in excavation and the damage of the near shore substrate. Hermetia illucens (black soldier) larvae has great potential in artisanal fishery based on the larvae stage which requires more research and trials for the critical growth stage which would greatly increase adoption of the bait in fisheries.
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Abstract


 


This research investigates the impact of bait harvesting on fisheries sustainability and ecosystem 


restoration along the Kenyan coastline, which stretches approximately 1420 km and encompasses 


a narrow but productive inshore fishing area. 


Seasonal winds, particularly the northeast and 


southeast monsoons, limit fishery activities. The study focuses on the role of fisheries in rural and 


peri


-


urban communities, the contribution of artisanal fisheries to the national GDP, the growth rate 


of art


isanal fishery, and the exploitation of polychaete bait as the primary bait source. Additionally, 


the study examines the harmful effects of unregulated bait harvesting on the intertidal ecosystem, 


including habitat destruction, biodiversity loss, and the r


elease of heavy metals. The potential for 


introducing alternative baits to transform fishing practices and aid ecosystem restoration efforts is 


also explored. The research was carried out along Mtwapa creek (30 57'00''S 390 44'40''E), with 


study sites at K


idongo (30 57' 10.8'' S, 390 42'52.9'' E), Customs beach (30 57'23.6'' S, 39045'25.8'' 


E), Navy (30 57' 10.8'' S, 39045'52.9'' E), and Pirates beach (30 59'41.9'' S, 39045'05.2'' E). The 


collected data underwent CPUE treatment, considering factors like soa


king time, detachment, and 


catch. The bait with the shortest soaking time and detachment was deemed superior. A total of 320 


fishing episodes were monitored, involving Hermetia illucens larvae (146), polychaete (6), 


earthworm (25), and Wild Marphysa mossam


bica (143). These fishing occasions resulted in 


landing 103 fish, with a catch rate of 32.2%. The landing consisted of 20 fish species, mainly 


dominated by Lethrinus variagatus (15.6%), Lethrinus obsoletus (2.8%), and Caseo caerulaurea 


(2.8%). Cultured Mar


physa mossambica (2.77±0.22 hr) and Lumbricus terrestris (1.44±0.11 hr) 


had the longest fishing duration compared to Hermetia illucens larvae (0.36±0.04 hr) or wild 


Marphysa mossambica. However, both cultured Marphysa mossambica (46.00 g) and Lumbricus 


ter


restris (88.40 g) yielded larger fish than wild polychaete (28.760 g) or Hermetia illucens larvae. 


Cultured (0.83) and wild (0.51) Marphysa mossambica had the highest landing frequency 


compared to Lumbricus terrestris (0.32) or Hermetia illucens larvae (0.


12). The research 


documented the capture per unit effort (CPUE) of four baits: Hermetia illucens larvae, Lumbricus 


terrestris, wild, and cultured Marphysa mossambica. M. mussambica performed well in all study 


locations, with both cultured and wild varietie


s recording significant landing rates, suggesting their 


consideration by the fishing community. Cultured Marphysa mossambica, in particular, could 


reduce pressure and damage to the nearshore ecosystem, as well as shorten fishing time for the 


fisher communi


ty. Hermetia illucens larvae show great potential in artisanal fishery and should be 


adopted as a bait. In conclusion, this research sheds light on the importance of bait harvesting's 


impact on fisheries sustainability and ecosystem restoration along the K


enyan coast. It highlights 


the need for sustainable bait alternatives to preserve the coastal ecosystem while ensuring the 


continued prosperity of artisanal fishing communities.
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