Functional Role of Cosmos (Cosmus caudatus Kunth) Refugia in Supporting Agroecosystem Balance of Cayenne Pepper (Capsicum frutescens L.)
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ABSTRACT 

	
Aims: This study aimed to evaluate the functional role of Cosmos (Cosmos caudatus Kunth) refugia in supporting agroecosystem balance through the provision of ecological services, particularly the conservation of natural enemies and suppression of pest populations in cayenne pepper (Capsicum frutescens L.). 
Study design:  The study employed quantitative descriptive analysis, followed by a two-sample t-test assuming unequal variances, to compare diversity, evenness, and dominance indices between the treatments.
Place and Duration of Study: Field activities were conducted in Lolu Village, Sigi Biromaru Subdistrict, Sigi Regency, Central Sulawesi, from October 2024 to March 2025.
Methodology: Two treatments were compared: cayenne pepper plots with Cosmos refugia and plots without refugia (control). Arthropod sampling was performed weekly for 10 weeks (14 to 77 Days After Planting/DAP) using yellow traps, pitfall traps, and hand collecting. Data analysis focused on functional role composition. The arthropod diversity index was determined using the Shannon-Wiener formula; the arthropod evenness index was calculated using the Pielou formula and the modified Ludwig & Reynolds formula; and the arthropod dominance index was calculated using the modified Simpson formula.
Results: The results revealed that refugia plots contained 2,350 individuals from 36 families, whereas control plots contained only 1,997 individuals from 26 families. The proportion of predators in refugia plots reached 26.9% (631 individuals), far exceeding that of plots without refugia at only 3.8% (76 individuals). Parasitoid groups (Ichneumonidae, Tachinidae, Tiphiidae) were detected exclusively in refugia plots. Pollinator abundance increased markedly from 0.5% (10 individuals) to 6.4% (151 individuals) with refugia presence. Conversely, pest proportion decreased from 93.6% to 60.4% with refugia application. The mean diversity index in refugia plots (2.525) was significantly higher than control (2.122) (p= 0.009), while the dominance index in refugia plots (0.107) was significantly lower than control (0.148) (p= 0.012). These findings confirm that cosmos refugia play a critical functional role in enhancing beneficial arthropod populations, suppressing pest dominance, and supporting the conservation of natural enemies, thereby contributing to the stability and sustainability of the cayenne pepper agroecosystem.
Conclusion: Cayenne pepper plots with Cosmos refugia supported significantly higher proportions of predators (26.9%) and parasitoids (3.9%) compared to plots without refugia (3.8% predators and 0% parasitoids). Parasitoid groups (Ichneumonidae, Tachinidae, Tiphiidae) were found exclusively in the refugia plots, indicating the role of refugia in providing essential nectar sources for the survival and reproduction of adult parasitoids. The presence of Cosmos refugia effectively reduced the proportion of the pest population from 93.6% to 60.4%, reflecting the efficacy of natural biological control driven by increased predation and parasitism pressure. Cosmos refugia significantly increased pollinator populations from 0.5% to 6.4% particularly among the Halictidae, Nymphalidae, and Stratiomyidae groups thereby potentially supporting cayenne pepper crop pollination. Overall, Cosmos refugia help maintain agroecosystem balance by providing ecosystem services such as biological control, pollination, and nutrient cycling, all of which contribute to the sustainability of cayenne pepper cropping systems.
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1. INTRODUCTION

Cayenne pepper (Capsicum frutescens L.) is a high-value horticultural commodity with steadily increasing market demand in Indonesia [1].  However, the productivity of this crop faces serious obstacles due to attacks by plant pests, particularly arthropods such as whiteflies (Aleyrodidae), leafhoppers (Cicadellidae), stink bugs (Pentatomidae), and fruit flies (Tephritidae) [2]. Data from Statistics Indonesia indicate that national cayenne pepper production declined from 1,544,441 tons in 2022 to 1,506,762 tons in 2023, with a similar trend observed in Central Sulawesi [3] . 
Conventional pest control practices that rely heavily on synthetic pesticides have been shown to cause various negative consequences, including pest resistance, pest resurgence, the mortality of natural enemies, and environmental pollution [4,5]. This situation highlights the need for a more environmentally friendly Integrated Pest Management (IPM) approach. One promising IPM strategy is habitat manipulation through the planting of refugia crops. Refugia are defined as vegetation other than the main crop that provides shelter, alternative food sources (nectar and pollen), and breeding grounds for natural enemies such as predators, parasitoids, and pollinators [6,7]. Planting refugia has been proven to boost populations of beneficial insects that naturally control pests, thereby maintaining the balance of the agroecosystem [8,9]. 
The functional role of refugia plants in agroecosystems encompasses four primary ecological functions: Serving as a resource for natural enemies (predators and parasitoids) by providing nectar, pollen, and microhabitats; Supporting pollinator populations that facilitate crop pollination; Regulating pest populations through increased predation and parasitism pressure; and sustaining functional biodiversity that contributes to ecosystem stability [10]. This functional role-based approach allows for a more practical understanding of how refugia contribute to natural pest control and agricultural sustainability, compared to merely measuring general species diversity [11]. 
Cosmos (Cosmos caudatus Kunth) is a flowering plant with significant potential as a refugium. Its conspicuous flowers and ability to bloom throughout the growing season make it a reliable source of nectar and pollen for various beneficial arthropods [12]. The plant is highly adaptable to diverse environmental conditions and can thrive without intensive maintenance [13]. Cosmos flowers are known to effectively attract pollinators such as bees, wasps, and butterflies [14] as well as parasitoids and predators. The advantages of cosmos as a refugium lie in its open flower morphology (ray floret type), which facilitates insect access to nectar and pollen, and its extended flowering period [9].
The functional success of a refugia strategy can be evaluated using a community ecology approach by analyzing arthropod community structure through three primary indices: the Shannon-Wiener Diversity Index (H'), Pielou’s Evenness Index (E), and Simpson’s Dominance Index (C). These indices provide insights into species richness, the evenness of individual distribution across taxa, and the presence or absence of dominant species within the community [15]. Agroecosystems characterized by high diversity and low dominance tend to be more stable and capable of naturally suppressing pest population outbreaks [16]. However, a functional role-based approach offers information that is more applicable for farmers and agricultural practitioners, as it directly links the presence of refugia to the resulting ecosystem services [17].
Although the role of refugia plants is widely acknowledged, research specifically examining the functional role of cosmos refugia in relation to arthropod communities in cayenne pepper (C. frutescens) crops remains limited. This study aims to analyze the functional role of Cosmos refugia in supporting agroecosystem balance in cayenne pepper cultivation by evaluating the composition of arthropod functional roles, thereby providing a scientific basis for the development of sustainable Integrated Pest Management (IPM) systems [18].

2. material and methods 
2.1. Study Area
This research was conducted on agricultural land in Lolu Village, Sigi Biromaru District, Sigi Regency, Central Sulawesi. Arthropod identification was carried out at the Pest Laboratory, Faculty of Agriculture, Tadulako University, Palu, from October 2024 to March 2025.

2.2. Experimental Design 
This study employed quantitative descriptive analysis followed by a two-sample t-test to compare diversity, evenness, and dominance indices across treatments. The treatments consisted of Plot A: Cayenne pepper field with cosmos refugia plants grown along each side, and Plot B: Cayenne pepper field without refugia plants (control). Each plot measured 5 × 6 meters and contained five observation sub-plots, resulting in a total of ten observation sub-plots. The distance between the two plots was approximately 50 meters to prevent cross-influence.

2.3. Procedures  
2.3.1. Refugia preparation and planting. 
Cosmos seeds were first sown for four weeks before being transplanted to the plots. Cosmos planting was carried out prior to cayenne planting with a spacing of 50 cm; a total of 44 plants were planted to form a border on each side of the cayenne plot. 
2.3.2. Cayenne pepper planting. 
The land was cleared of weeds, tilled, and shaped into planting beds. Cayenne pepper seeds were sown for four weeks until they developed 3–4 true leaves, then transplanted with a spacing of 60 cm × 50 cm, resulting in a total of 90 cayenne pepper  plants per plot. 
2.3.3.  Arthropod Sampling. 
Sampling was conducted once a week for 10 weeks (14, 21, 28, 35, 42, 49, 56, 63, 70, and 77 days after planting/DAP) using three methods:
a) Yellow trap: 5 traps per plot, deployed in the morning (07:00 WITA) and left for 48 hours before observation. 
b) Pitfall trap: 10 traps per plot, installed flush with the soil surface for 48 hours before observation. 
c) Hand collecting: Direct collection from plant surfaces
d) The collected arthropods were placed into specimen bottles containing 90% alcohol for subsequent identification.

2.4.  Arthropod Identification. 
Identification was carried out down to the family level based on morphological characteristics, using the identification guide by [19] as well as digital sources such as iNaturalist, BugGuide.net, and the Picture Insect app. The variables observed include: Arthropod functional role composition: The grouping of arthropods based on their functional roles within the agroecosystem, namely: pests, predators, parasitoids, and decomposers; Number of trapped arthropod individuals. 

2.5.  Data Analysis 
2.5.1. Analysis of Functional Role Composition. 
The composition of functional roles was analyzed using quantitative descriptive methods by calculating the number of individuals and the percentage of each functional group (pests, predators, parasitoids, pollinators, and decomposers) in both treatment plots.

2.5.2.  Arthropod Diversity Index. 
The arthropod diversity index used the formulas for the Shannon-Weiner Diversity Index (H'), as follows:


Where: H’: Diversity index; Pi: Total number of all families; Ln: Natural logarithm 
Criteria: H’ ≤ 1: Low diversity 1 < H’ < 3: Medium diversity H’ ≥ 3: High diversity

2.5.3. Arthropod Evenness Index. 
Arthropod evenness is calculated using the formula Pielou, Ludwig & Reynolds modified as follows:


Where: E: Evenness index; H': Family diversity index; S: Number of observed families
Criteria: 0 < E ≤ 0.4: Low evenness; 0.4 < E ≤ 0.6: Medium evenness;  0.6 < E ≤ 1.0: High evenness

2.5.4. Arthropod Dominance Index. 
Arthropod dominance is calculated using Simpson's formula modified as follows.


Where: D: Dominance index;  ni: Number of individuals per family;  N: Total number of individuals across all families.
Criteria: 0 < D ≤ 0.5: low dominance, 0.5 < D ≤ 0.75: medium dominance;  0.75 < D ≤ 1: high dominance.



2.5.5.  T-test. 
Weekly data on H', E, and C indices were analyzed using a two-sample t-test assuming unequal variances at a 95% confidence level (α = 0.05) to test for differences between plots with and without cosmos refugia [20].

3. results and discussion
3.1. Arthropod Composition and Abundance Based on Functional Roles 
Observations of composition based on functional roles revealed a striking difference between cayenne pepper agroecosystems with cosmos refugia and those without cosmos refugia (Table 1). 

Table 1. Composition of arthropod functional roles in cayenne pepper fields with and without Cosmos refugia.
	No
	Functional Rolel
	Cayenne pepper with Cosmos Refugias
	Cayenne pepper without Cosmos Refugia
	Change

	1
	Pest 
	1.421 (60,4%)
	1.870 (93,6%)
	↓ 33,2%

	2
	Predator 
	631 (26,9%)
	76 (3,8%)
	↑ 23,1%

	3
	Parasitoid 
	91 (3,9%)
	0 (0%)
	↑ 3,9%

	4
	Pollinator 
	151 (6,4%)
	10 (0,5%)
	↑ 5,9%

	5
	Decomposer
	56 (2,4%)
	41 (2,1%)
	↑ 0,3%

	Total Individuals 
	2.350
	1.997
	

	Number of Families
	36
	26
	


Source: Processed primary data (2025)
Based on observations of the functional role composition of arthropods (Table 1), a distinct difference is evident between plots planted with cosmos refugia and plots without refugia.  In fields equipped with refugia, predatory arthropods accounted for 631 individuals (26.9%) of the total catch a figure significantly higher than that of fields without refugia, which yielded only 76 individuals (3.8%). The most dominant predator group in the refugia plots was Coccinellidae (288 individuals), followed by Dolichopodidae (47), Lycosidae (44), Vespidae (42), Libellulidae (39), Crabronidae (37), Syrphidae (21), Carabidae (9), Oxyopidae (8), Staphylinidae (6), Sphecidae (18), and Cheiracanthiidae (29). This aligns with findings by [21], who reported Coccinellidae as a primary predator in cayenne pepper crops. This increase in predator populations indicates that cosmos flowers provide alternative food sources (nectar and pollen) essential for the activity and reproduction of adult predators, particularly those from the orders Coleoptera (Coccinellidae) and Hymenoptera (Vespidae, Crabronidae)[22]. According to [23], refugia plants serve as a vital source of nectar for adult predators to sustain their populations within the agroecosystem. Syrphidae (flower flies) found exclusively in the refugia plots (21 individuals) are important aphid predators during their larval stage, whereas the adults require nectar for reproduction [22].
Arthropods acting as parasitoids were found only in plots with refugia with a total of 91 identified individuals (3.9%) belonging to the families Ichneumonidae (31), Tachinidae (30), and Tiphiidae (30) and were completely absent from control plots. This indicates that the presence of cosmos flowers provides a crucial supplementary food source for adult parasitoids, supporting their survival and reproduction [24]. Adult parasitoids require nectar as a carbohydrate source for flight energy and egg maturation; thus, the availability of refugia flowers is a key determinant of parasitoid effectiveness as biological control agents [25]. Ichneumonidae are known as important parasitoids of Lepidoptera and Coleoptera larvae; Tachinidae are parasitic flies that attack various Lepidoptera and Coleoptera pests; and Tiphiidae are effective parasitoids of scarab beetles. The absence of parasitoids in control plots demonstrates that, without refugia, the agroecosystem loses a vital ecosystem service.
The functional role as pollinators showed a significant increase with the presence of refugia, rising from just 10 individuals (0.5%) in the control plots to 151 individuals (6.4%) in the refugia plots. The dominant pollinator groups were Halictidae (57), Nymphalidae (94), and Stratiomyidae (12).  Nymphalidae butterflies showed a particularly sharp increase (94 vs. 7) in the presence of cosmos, confirming that cosmos flowers are effective at attracting pollinating insects. This increase in pollinator populations not only benefits the refugia plants but also has the potential to enhance the pollination of cayenne pepper plants, which in turn can improve fruit quality and quantity [26] . This demonstrates the functional role of refugia in supporting the ecosystem service of pollination.
Although the number of arthropods acting as pests in the refugia plots remained significant (1,421 individuals or 60.4%), the proportion was far lower than that of the control plots, which reached 93.6% (1,870 individuals).  The dominant pest groups in both plot types were Aleyrodidae (453 vs. 365), Cicadellidae (270 vs. 221), and Pentatomidae (162 vs. 128). However, the presence of natural enemies such as predators and parasitoids showed a marked increase in the refugia plots, contributing to the natural suppression of pest populations. This 33.2% reduction in the pest proportion demonstrates the effectiveness of refugia in supporting biological control. In plots without refugia, the arthropod community was dominated by pests such as Aleyrodidae (453), Muscidae (317), Cicadellidae (270), and Acrididae (227). Predator numbers were very low (Coccinellidae 44, Carabidae 17, Lycosidae 6), while parasitoids were entirely absent. This indicates that the lack of refugia resulted in low natural enemy populations, thereby disrupting ecosystem balance and allowing pests to become the dominant group.
Arthropods acting as decomposers showed relatively stable proportions between the two plots (2.4% vs. 2.1%), comprising the families Paradoxosomatidae (29 vs. 37), Blattidae (15 vs. 0), Gryllidae (5 vs. 0), and Oniscidae (27 vs. 4). The presence of decomposers indicates that refugia also contribute to nutrient cycling and organic matter decomposition within the agroecosystem.

Analysis of Ecological Indices Supporting Functional Roles 
The cumulative values ​​of the arthropod community indices for both plots are presented in Table 2.
Table 2. Values ​​of diversity index (H'), evenness (E), and dominance (C) of arthropods in cayenne pepper fields with refugia and control plots.
	Habitat
	H'
	Category
	E
	Category
	C
	Category

	Cayenne pepper 
with refugia
	2,9318
	Medium 
	0,8181
	High 
	0,0767
	Low

	Cayenne pepper 
without refugia
	2,3785
	Medium 
	0,7300
	High 
	0,1271
	Low


Source: Processed primary data (2025)
Based on the data in Table 2, all three ecological indices show differences between cayenne pepper fields with refugia and those without, supporting the findings regarding the functional role of refugia. The H' value for the plot with refugia (2.9318) was higher than that of the plot without refugia (2.3785), although both fell within the medium category. This higher value indicates that refugia contribute to increased arthropod species diversity, reflecting a greater number of functional roles represented within the community [27]. The higher H' value in the refugia plot demonstrates that the agroecosystem supports a wider range of functional groups (predators, parasitoids, pollinators, and decomposers) compared to the control plot, which was dominated by pests.
The refugia plot exhibited an evenness value (E) of 0.8181 (high category), slightly higher than that of the control plot (0.7300). This figure indicates that the distribution of individuals across families in both plots was relatively balanced. High evenness signifies the absence of excessive dominance by any single family, which is an indicator of a healthy ecosystem. In the refugia plot, high evenness reflects a balance among functional groups, whereas in the control plot, lower evenness indicates the dominance of a few pest families.
The dominance value (C) in the refugia plot (0.0767) was lower than in the plot without refugia (0.1271). The lower C value in the refugia plot indicates that no single family was excessively dominant; this contrasts with the plot without refugia, which showed a tendency for higher dominance by specific pests (Aleyrodidae and Cicadellidae) due to minimal pressure from natural enemies. A low dominance value reflects a natural ecosystem with a high level of biodiversity [28].

Ecological Index t-test 

The results of the t-test on weekly H', E, and C values ​​are presented in Table 3. 

Table 3. Results of t-tests on weekly H', E, and C values ​​comparing cayenne pepper plots with refugia and control plots (α = 0.05)

	Index
	Mean (refugia)
	Mean (control)
	t-Stat
	df
	P(two-tailed)
	Note

	H'
	2,525
	2,122
	2,969
	16
	0,009
	Significantly 

	E
	0,866
	0,848
	1,186
	18
	0,251
	Not significantly 

	C
	0,107
	0,148
	-2,817
	17
	0,012
	Significantly 


Source: Processed primary data (2025)

T-test results showed that the mean H' value in the refugia plot (2.525) was significantly higher than in the control plot (2.122) (p = 0.009). This indicates that the presence of refugia plants enhances functional biodiversity within the cropping area. Refugia plants provide resources such as nectar, pollen, and microhabitats that support various species with diverse functional roles, thereby attracting a wider range of organisms to colonize and remain in the area. This confirms that cosmos refugia effectively increase the functional diversity of arthropod communities in bird's eye cayenne pepper agroecosystems [28].
Regarding the evenness index, the mean value for the refugia plot (0.866) was slightly higher than that of the control plot (0.848), though the difference was not statistically significant (p = 0.251). These findings indicate that, despite higher species diversity in the refugia plot, the distribution of individual abundance across species was relatively similar or even in both plots. The high evenness observed in both plots reflects a relatively stable community structure; however, the presence of refugia did not significantly alter the pattern of individual abundance distribution compared to the control [29].
T-test results for the dominance index show that the mean value in the refugia plot (0.107) was significantly lower (p = 0.012) than in the control plot (0.148). The lower dominance value in the refugia plot indicates the absence of any single species strongly dominating the community, a finding consistent with high biodiversity and the enhanced functional roles of predators and parasitoids. Conversely, the higher dominance value in the control plot indicates that a few pest species dominated the community a common occurrence in less diverse environments characterized by a scarcity of natural enemies.

Practical Implications for Agroecosystem Management 
The findings of this study have significant practical implications for the development of sustainable agricultural systems: the conservation of natural enemies specifically the increased proportions of predators (26.9%) and parasitoids (3.9%) in refugia plots demonstrates that cosmos plants are effective for conserving natural enemies, thereby reducing pesticide reliance; enhanced pollination services, as the presence of refugia potentially improves cayenne pepper pollination, leading to superior fruit quality and yield; the enrichment of functional diversity within refugia plots, confirming that they support a more stable and ecologically functional community structure a crucial factor for the long-term sustainability of the agroecosystem; and efficient land use, as cosmos can be planted along field margins without encroaching on the main crop area, allowing farmers to conserve natural enemies without sacrificing productive land [30].
These findings reinforce the evidence that habitat manipulation via flowering refugia is a crucial component of sustainable integrated pest management (IPM) systems in cayenne pepper cultivation [30]. However, cosmos refugia have not fully altered community evenness patterns; therefore, a combination of other IPM strategies such as field sanitation, the use of traps, and regular monitoring is required to suppress key pest populations more effectively [31]. Furthermore, the implementation of refugia should be integrated with other good agricultural practices, such as crop rotation, the use of resistant varieties, and healthy soil management, to achieve optimal and sustainable pest control [22].

4. Conclusion
Cayenne pepper plots with cosmos refugia supported significantly higher proportions of predators (26.9%) and parasitoids (3.9%) compared to plots without refugia (3.8% predators and 0% parasitoids). Parasitoid groups (Ichneumonidae, Tachinidae, Tiphiidae) were found exclusively in the refugia plots, indicating the role of refugia in providing essential nectar sources for the survival and reproduction of adult parasitoids. The presence of cosmos refugia effectively reduced the proportion of the pest population from 93.6% to 60.4%, reflecting the efficacy of natural biological control driven by increased predation and parasitism pressure. cosmos refugia significantly increased pollinator populations from 0.5% to 6.4% particularly among the Halictidae, Nymphalidae, and Stratiomyidae groups thereby potentially supporting cayenne pepper crop pollination. Overall, cosmos refugia help maintain agroecosystem balance by providing ecosystem services such as biological control, pollination, and nutrient cycling, all of which contribute to the sustainability of cayenne pepper cropping systems
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