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FIELD AND LABORATORY STUDIES OF FORAGING BEHAVIOR IN TERRESTRIAL GASTROPODS




ABSTRACT
Tested trapping methods were cardboard, wood, Molasses+ bran, liquid soap and beer traps. Addition correlation between temperature degree, and snails number & its damage to different host plants. The results indicated that among the snail sampling methods the highest levels of clover snail (Monacha obstructa) infestation, were found, and the number of snails in the soil inspection was greater than in the plant inspection. Levels of Eobania vermiculata snails’ infestation in soil inspection and ornamental plant inspection were not significantly different. The impact of non-poisons baits types and its weight on attraction of Monacha obstructa was investigated at variable separations of baits beneath laboratory conditions. The number of snails attracted decreased with increasing distance. A momentous increment within the cruel rate of pulled in snails was attained 33.33% at 28min for Black honey, 26.66 % at 10.66min. For Vanilla, while the lowest was 3.33% at 2.00 min. For yeast bait. The ideal tools for monitoring and capturing snails are bait Molasses+ bran, wood and cardboard traps, respectively. The snail field population tends to increase as early spring temperatures rise, with more snails becoming trapped in warm conditions, regarding damage to host plants. Field experiments revealed that, M. obstructa snails caused 12.45 and 24.025% damage to lettuce and cabbage leaves, respectively. Addition, the focuses on assessing some factors concerned to the attractiveness of baits to snails under laboratory conditions, and assessment the different traps with   reduction percentage snails, and the correlation between temperature degree and snails’ population density & its damage to different host plants under field conditions.
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 INTRODUCTION
Terrestrial gastropods, primarily known as mollusca snails, have become one of the most difficult pests to manage in agro ecosystems, resulting in significant economic damage to a wide range of crops, including vegetables, legumes, cereals and fruits. The success of the snails in colonizing new areas may be related to high adaptability to a disturbed agricultural environment. Intrinsic characteristics of the species might pose relevant contributions to its success, such as advanced defense mechanisms against stress i.e., barrier membrane formation, high reproductive capacity, and low diet specificity. Soil and plant inspection, bait traps, and artificial shelters are alternatives used to provide insight into relative populations or to control snails and slugs in small home gardens. In Egypt, land snails have emerged as significant pests, affecting a wide range of fruits, field crops, vegetables, and ornamental plants. Various species of terrestrial mollusca in different areas of the Delta region have become among the most problematic pests. Their activity results in notable damage, leading to a decrease in the yield of affected crops, as highlighted by studies conducted over the years (Kassab and Daoud, 1964; Bishara et al., 1968; El-Okda, 1984 a and b ; El-Deeb et al., 1996; Abd-El-Aal, 2001; Zedan et al., 2005; and Abd-El-Maboud, 2008).Here we extend description of the processes in sampling and trapping. This study focuses on assessing some factors concerned to the attractiveness of baits to M. obstructa snails under laboratory conditions, and assessment of the different traps with the attract snails or reduction percentage snails, correlation between climatic factor temperature degree with  population density and evaluate damage caused by snails to different host plants under field conditions.

MATERIAL AND METHODS
Two study areas had a history of snail infestation and snail samples were collected from clover field in Qouras of Ashmoun Center, Menoufia Governorate and snail samples were obtained from ornamental plants at the Faculty of Agriculture at Ain Shams University Shubra El-Kheima, Qalyubia Governorate. The samples were transferred to the laboratory, and taxonomic analysis determined the two species of snails Monacha obstructa and Eobania vermiculata.

1. The description of sampling: 
Sampling methods for Monacha obstructa  and were tested during 2024-2025 season in one clover field located in Qouras of Ashmoun Center, Menoufia Governorate.  Egyptian clover (Trifolium alexandrinum) is located approximately at latitude 30.76 degrees north and longitude 31.11 degrees east).. The area had a history of snail infestation, plant inspection and soil inspection. The plant inspection consisted of a top-to-bottom examination of clover plants. Soil inspection was performed by examination of the soil surface near the base of the clover plant by using the quadrate sample size 50x50 cm2 (Staikou et al., 1990). The total number of live snails was recorded in 10 replications (sampling sites) randomly selected in one-acre clover field. Whereas, samples of snails, Eobania vermiculata (Müller) ornamental  plants were collected by the same manner excepting in the quadrate sample size 25 X 25 cm2 on the soil in the  gardens of the Faculty of Agriculture, Ain Shams University, Shubra El-Kheima, Qalyubia Governorate.

2. Laboratory experiments:
2. a. Test animals and acclimation methods:
Samples of the land snails were collected in the winter 2025 from infested field. Healthy snails were transported to laboratory, and placed in rearing box containing moistened soil and fed on fresh lettuce leaves. Individuals of snails were denied food for 24 hours prior to starting the test (El-Okda, 1981).

2. b. Preparation of different bait kinds with different variable distances:
Five different types of non-poison baits were used i.e., black honey, vanilla, boiled potato, yeast and barley powder. It was prepared in the form of pellet shape composed of 95 parts of bran wheat and 5 parts of above mentioned attractive materials and was weighted as (3, 6 and 8 g). Trials were performed in boxes covered with 5 cm depth of clay soil. For each test bait (type and size), ten replicates were set up. Each replicate was one snail of M. obstructa is placed to check its preference towards different kinds and weight of baits at distances of 5, 10 and 15 cm of baits with determination the attractive time. The tested snails were checked continuously to count its numbers as soon as attracted to baits, with recording the attractive time for snail at each distance for each bait.

3. The description of trapping:  
The area had a history of snail’s infestation and the trapping methods tested were cardboard )brown paper, 0.8 mm thick), liquid soap trap (soap with water), beer trap [Barley water with added yeast, wood trap (25×25cm2)] and molasses +bran trap. cardboard shingles were cut in 0.75 to 100 cm2 and placed on the soil surface. The area covered by the cardboard watered until moist. Both beer traps and liquid soap trap consisted of 500 ml water bottles cut in half with the top part reattached to the bottom in an inverted position.  The top part had the lid removed and 150 ml of beer was added to the bottle (beer trap). For the liquid soap trap, add 150 ml of mixture soap with water for snail attraction. The beer trap and soap trap were placed in holes previously dug into the soil   as hovel. Molasses+ bran  trap prepared as bait mixtures (10 parts water + 5 parts of Molasses + 85 parts wheat bran).As for the wooden traps, the cages were constructed from wood & using square plastic wire mesh, it measuring approximately 25 x 25 cm2. The wire mesh was coated with molasses, and   small branch with a leaf on it were placed on the top. A lettuce leaf   also   added before treatment, as   serves as a food source and attracts snails to the trap. The traps were randomly placed in a field naturally infested with snails. The traps were placed randomly in a field naturally infested with snails. The tests were replicated 5 times and the number of snails per trap was recorded after 1, 2, 3, and 7days. The traps were moistened with water every two days.

4. Field test:
a. Trap trial:
 The trapping efficacy field trial was conducted, during 2024 and 2025 seasons.  There was a history of snail infestation in the area under study and the treatments included the beer trap and liquid soap trap, wood trap, Molasses+ bran and cardboard trap. The trapping efficacy field trial was conducted at area study, during   2024 and 2025 crop seasons. There was a history of snail infestation in the area under study, and the traps included beer, liquid soap traps, wood and cardboard traps.  Total of 5 replications for each trap were placed randomly in the experimental area, and the number of snails in each trap was recorded as a daily catch index. The collected animals were murdered. Reduction percentages were calculated using the formula of Henderson and Tillton (1955) as follows: Reduction (%)=[1-(t2xC1)/(t1 x C2)]x100. where; (C1&C2) represent number of alive snails before and after treatment in untreated plots, and (t1& t2) represent number of alive snails before and after treatment in treated plots.

b. Attractive baits trial in attractiveness the land snails at infested field:
The field trial conducted to assess the impact of pull materials on reducing populations of land snails. The tested attractants included black honey, vanilla powder were applied as baits (10 parts water + 5 parts of each attractant + 85 parts wheat bran). Each treatment was replicated 5 times. Tested baits were placed on plastic parts with 80 gm of 3-baits. Snails number counted using 0.50*50 m2 quadrate placed next to the bait before one day of application and then at 1,2,3,7 days’ intervals during the experimental time started from the beginning of March 2025.The number of snails in each trap was considered as a daily catch index.

5. Snail monitoring and weather correlation:
The monitoring of snails recorded between November 2024 and May 2025. This time corresponded to the fall, winter, and spring seasons. The areas under study located at the Qouras of Ashmoun Center, Menoufia Governorate and Shubra El-Kheima, Qalyubia Governorate. The (Qouras) field was previously used for clover cultivation.

6. Assessment of the extent of damage to crop plants:
The experiment was carried out at Qalyubia Governorate. In every field surveyed, the type of crops grown were recorded. Following, pest gastropod monitor, and the level of crop damage caused by these pests was assessed by randomly inspecting.  Three samples examined to establish the extent of damage to that crop. In cases where more than one crop types were cultivated within a field, three samples from each crop type were examined separately to assess the damage specific to each variety. Direct observation of snail feeding or indirect evidence, such as slime trails at damaged or grazed sites, were utilized to identify damage caused by gastropod pests, the extent of the damage varies based on the intensity of the pest gastropod infestation. By closely examining the affected parts, the extent of damage (%) to the plants was estimated. Total area /leaf, addition to damage areas by terrestrial snails were determined by using the graph during the experiment. The percentage of damaged the leafs surface area was calculated according to the quation adopted by El-Deeb et al. (1985).


RESULTS AND DISCUSSION
Among the snail sampling methods outlined in Figure (1), recorded the highest levels of clover snail (Monacha obstructa) infestation, as the number of snails in the soil inspection was greater (26 snails) than in the plant inspection (7 snails). Levels of snail infestation in soil inspection and plant inspection were hugely different, while the highest levels of brown garden snail (Eobania vermiculata) infestation were recorded (15 snail) from the soil inspection that greater than plant inspection (13 snails). Levels of snail infestation in soil inspection and ornamental plant inspection were not worth different. 

	
	

	Figure (1): Sampling method for snail infestation.



1. Laboratory experiments:
Impact of various types and weights of non-toxic baits on the Monacha obstructa attraction at varying distances.
The impact of non-poisons baits types (black honey, vanilla, boiled potato, Barley powder  and yeast) and its weight on attraction of M. obstructa   investigated at variable separations of 5, 10 and15 cm for baits beneath laboratory conditions outlined in (Table ,1 and Figs, 2,3 and 4). The gotten  data uncovered that the numbers of attracted snails that expanded with diminishing the separation for all  baits while the number of snails attracted decreased with increasing the distance from 5 to 15 cm . At the distance 5cm, the a momentous increment within the cruel rate of pulled in snails to attract with attained 33.33% and spent time (mean 28 min.) for black honey followed by 26.66 % with spent time (mean 10.66 min.) for vanilla, 26.66% with spent time (mean 30.66 min. ) of Barley powder,16.66% with spent time (mean 23.33 min.) of boiled potato  while the lowest one was 3.33% with spent time (mean 2.00 min.) of yeast bait, as the distance increased from 5 to 15 cm, the  values markedly decreased to 0.0 and 3.33%  with  2 min. spent time  of yeast and boiled potato baits, respectively.
Regarding baits weight, the study on bait weight and snail attraction revealed varying levels of effectiveness among different bait types. The highest percentage of attraction   recorded at a distance of 5 cm. For vanilla, boiled potato and barley powder baits. An optimal bait weight of 3g yielded was the best result, while black honey bait performed better at the weight of 8g. Vanilla bait demonstrated the highest snail attraction rate at 60% within 12 minutes using 3g bait. This was followed by black honey, which attracted 50% of snails with an 8g bait over a span of 20 minutes. Boiled Potato bait showed an attraction rate of 30% at 3g over 15 min., barley powder bait 40% at 3g over 55 minutes. In comparison, Yeast bait displayed the lowest snail attraction rate at just 10% with 6g bait in only 6 min. The findings indicate that among the tested non-poisonous baits, sugarcane syrup was the most effective attractant, followed by vanilla and boiled potato bait, barley powder bait, with yeast bait ranking as the least effective. These results align well with those reported by several researchers, including Asran (1994), Mohamed (1994), and Abdel-Aal & Hamad (2010), who found sugarcane syrup to be the most attractive additive substance when mixed with poisonous bait for snail control. Furthermore, this data partly concurs with Abed (2017), who noted that sugarcane syrup and a mixture of (sugarcane syrup and yeast) were highly effective in attracting M. cartusiana snails, followed by birell syrup and Agrinate, while yeast remained the least attractive option. However, the contrasts found with Arafa (2006), who suggested that yeast powder was the most effective attractant for M. cartusiana snails, with vanilla being the least suitable. Partial agreement is also seen with El-Bakhshawngi et al. (2020), who reported that sugarcane syrup was the top attractant for M. cartusiana snails, followed by vanilla, while yeast  as the least attractive bait. Moreover, the   attractive of snails observed increasing at the distance of 5 cm compared to other distances Howling (1991) for other gastropod, Deroceras reticulatium slug. His study demonstrated that gastropods could only detect food within a relatively short range of 3–4 cm. Also, Godan (1983) noted the maximum detection distance was limited to 12 cm. Based on the current study, it can be concluded that the optimal distance and bait weight for maximizing attractively were 5 cm from the bait station with a bait size of 3 g for all tested materials, and 8 g specifically for sugarcane syrup.









Table (1): Rate of pulled in snails towards diverse non-poison baits (sorts and weights) at diverse separations beneath research facility conditions.
	Types
of baits
	Weight
of baits
(g)
	% of attractive snails, required time per minute to different baits at different distance

	
	
	5 cm
	10 cm
	15 cm
	General mean

	Vanilla
	
	%
	T. min
	%
	T. min
	%
	T. min
	%
	T. min

	
	3
	60
	12
	10
	18
	20
	29.5
	30
	19.83

	
	6
	10
	18
	0.0
	0.0
	0.0
	0.0
	3.33
	6

	
	8
	10
	2
	0.0
	0.0
	10
	13
	6.67
	5

	Mean
	
	26.66
	10.66
	3.33
	6
	10
	14.17
	13.33
	10.28

	Black honey
	3
	20
	22
	30
	18.5
	10
	11
	20
	17.17

	
	6
	30
	42
	20
	14.5
	10
	14
	20
	23.5

	
	8
	50
	20
	10
	17
	10
	17
	23.33
	18

	Mean
	
	33.33
	28
	20
	16.66
	10
	14
	21.11
	19.56

	Yeast
	3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	6
	10
	6
	0.0
	0.0
	0.0
	0.0
	3.33
	2

	
	8
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Mean
	
	3.33
	2
	0.0
	0.0
	0.0
	0.0
	1.11
	o.67

	Boiled potato
	3
	30
	15
	10
	5
	0.0
	0.0
	13.33
	6.67

	
	6
	10
	30
	10
	8
	0.0
	0.0
	6.67
	12.67

	
	8
	10
	25
	0.0
	0.0
	10
	6
	6.67
	10.33

	Mean
	
	16.66
	23.33
	6.66
	4.33
	3.33
	2
	8.89
	9.89

	Barley
powder 

	3
	40
	55
	20
	20
	0.0
	0.0
	20
	25

	
	6
	20
	32
	0.0
	0.0
	0.0
	0.0
	0.0
	10.67

	
	8
	20
	5
	10
	15
	10
	15
	13.33
	11.67

	Mean
	
	26.66
	30.66
	10
	11.66
	3.33
	5
	11.11
	15.78


	  T. min = required time per minute 
	
	

	Figure (2) Attractive M. obstructa snails, percent, per to different baits at laboratory
	Figure (3) Response M. obstructa to different   baits in vitro

	

	Figure (4) Bait weights for maximizing attractively M. obstructa snails		



2. Field test:
2.a. Trapping:
Among the E. vermiculata  trapping methods tested outlined in (Figure 5), cardboard traps had a higher number of snails (60.35%), next wood trap(56.56%),liquid soap trap  which was worthy greater than the snails M. obstructa  captured in beer traps (14.11%), but different than for Molasses+ bran  trap  (63.5%).
	

	Figure (5) Evaluation of attractive Traps in attractiveness the M.obstructa, E. vermiculata land snails at infested fields.



2.b. Effect of attractive baits in attractiveness the land snails at infested field:
Data in (Table 2 and Figure 6) also the data showed that tested trapping (beats) methods outlined in showed that, activity of attractive snails was higher in the first & seven days post treatment compared to the second and third days post treatment for black honey bait, the number of attractive snails recorded 37 and 38.8 snails, respectively. While, the least 32 snails in the second day , as for vanilla bait was higher in the first & third days post treatment compared to the second and seven days post treatment, the  number of attractive snails recorded (33and 33.6 snails), respectively. While, the least 30.8 snails at seven day post treatment. (Table 3 & Figure 7) was higher reduction in the snail’s number at seven & first days post treatment compared to the second and third days post treatment for black honey bait. where, the reduction of snails recorded   63.1% and 60.5% respectively. While the least 59.3% In the second days for black honey bait. Meanwhile, Vanilla was higher in the third & first as well as seven days post treatment compared to the second days post treatment, where the reduction percentage of attractive snails recorded 44.5% and 43.7%, respectively, while the least 42.3 in the second day for vanilla bait. In a study on cute materials for reducing land snail populations, Godan (1983) identified molasses and wheat bran as the most effective when combined with molluscicides. Asran (1994) found that wheat bran was the preferred bait for H. aspersa, with sugarcane syrup serving as the most attractive additive, whereas vanilla proved to be the least appealing. Similarly, Dankowska (2011) using beer as bait inside a plastic bottle is a common method employed to catch slugs. Cardboard was the most effective trapping material compared to beer by Douglas and Tooker (2012). Moreover, agreement is also seen with El-Bakhshawngi et al. (2020), who reported that sugarcane syrup was the top attractant for  M. cartusiana snails, followed by vanilla.

Table (2): Effect of attractive materials used in attractiveness the Monacha obstructa land snails infested clover field during April 2025.
	Carrier material
	Attractive materials
	Mean number of snails after treatment in days
	General mean

	
	
	1
	2
	3
	7
	

	Wheat bran
	Black honey
	37
	32
	35
	38.8
	35.7

	
	Vanilla
	33
	31.8
	33.6
	30.8
	32.3


	

	Figure (6): Effect of attractive materials used in attractiveness Monacha obstructa land snails infested clover field.











Table (3): Evaluation of attractive Traps in attractiveness the Monacha obstructa land snails at infested clover field.
	Carrier materials
	Attractive materials
	Mean number of snails per sample in days

	
	
	1
	2
	3
	7

	Wheat bran
	Black honey
	12
	10.6
	8.8
	8.6

	
	(%) Reduction
	60.5
	59.3
	60.1
	63.1

	
	Vanilla
	14.8
	13
	10.6
	11.4

	
	(%) Reduction
	43.7
	42.3
	44.5
	43.5

	Mean Control area
	31.2
	33.6
	28.8
	24.4
	25.8


The average number of snails before treatment using molasses and vanilla traps was 28.2 and 24.4 respectively.

	

	Figure (7): Evaluation of attractive traps in attractiveness the Monacha obstructa land snails at infested clover fields.



2.c. Snail monitoring and weather correlation:
Data in Table 4 and Figure 8 showed that the population density of terrestrial snails increases noticeably during spring, contrasting with the lower or moderate levels recorded in the autumn and winter seasons. These results align well with those reported by several researchers, including (Ghamry et al., 1993; Nakhla et al., 2002 and Abo Bakr, 2011).

Table (4): Correlation between climatic factor of temperature and E. vermiculata , M. obstructa snails’ population density.
	
	Average number of snails (Individuals)/10 sample
	

	Season 2024/2025
	Qalyubia Governorate (A)
	
	Menoufia Governorate (B)

	
	Ornamental plant
	Temperature(°C)
	Clover
	Temperature(°C)

	
	
	Maximum
	Minimum
	
	Maximum
	Minimum

	Autumn
	8.8
	33.23
	16.66
	11.6
	32.67
	19.03

	Winter
	60
	22.96
	8.7
	89.4
	22.47
	8.6

	Spring
	73.4
	31.86
	13.26
	135
	31.5
	13.17

	Total
	142.2
	88.05
	38.26
	236
	86.64
	40.8

	Average
	20.31
	29.35
	12.87
	33.7
	28.88
	13.6


 (A)E. vermiculata    , (B) M. obstructa
	

	Figure (8): Correlation between climatic factor temperature degree and snails’ number.












2.d. Damage to different host plants:
Three species of harmful land snails were recorded in agricultural lands at Qalyubia Districts.  The most abundant and   destructive pest gastropod in the all area study is M. obstructa. On the other hand, the most abundant pest gastropod in the citrus and ornamental plants is E . vermiculata while, Cochilecell aacuta was found in a simple from in ornamental plants. However, the most damaging to agriculture crops is M. obstructa. Even though many farmers use several control methods, the ineffective application of these methods is an impediment in the proper control and management of these pests. It’s made to inform and educate farmers for the importance of proper application for snails control methods to obtain effective results. This is essential for minimizing their negative impact on the many crops. Pest gastropods are capable damaged the different stages during the crops growth by forming irregular holes in leaves and cutting off tender plant parts. Lead to a severe impact on vegetables as cabbage and lettuce, as well as citrus fruits. The damage not only leads to yield loss but also diminishes quality due to slime trails and risk of disease transmission. The extent of the damage depends on the type of crop and intensity of the pest gastropod infestation. Snails are serious pests for many vegetables, especially leaf crops. According to the results the pest snails caused severe damage to plants (Tables 5 and 6) .The severity of the damage depends on the intensity of the pest gastropod infestation and may cause major crop yield losses to the farmer. Crops such as lettuce and cabbage are highly damaged at mature stages by these gastropods.  Leaf crops such as cabbage and lettuce observed during current study. Abd El-Hak (1997) demonstrated that fresh lettuce leaves were most favored by Monacha sp. and Eabania sp., followed by peas and cabbage. Mahrous et al. (2002) observed that cabbage and lettuce supported the highest populations of M. cartusiana snails, whereas peas attracted significantly fewer snails. Zedan et al. (2005) observed significant damage to lettuce leaves caused by land snails. Shahawy et al. (2018) observed that M. cantina a showed the highest preference for fresh lettuce leaves, followed by onion. In comparison, parsley and pepper were less favored than these two vegetables. They also found the injuries caused by land snail species varied significantly across different locations, influenced by factors such as the abundance of snails, type, availability of their food sources, and local weather conditions.

Table (5): Infestation level of the common two land snails on cabbage and lettuce, as well as orange leaves.
	Gastropod species
	Host plant and level of   infestation
	Infestation level
	Average number of snails

	Monacha sp.
	cabbage+++ ,  Lettuce+++
	heavy
	34.2

	Eobania vermiculata
	Orange leaves++
	Moderate
	20.2

	Monacha sp.
	Orange leaves+
	Low
	8.8


+++) heavy infestation  (more than 30 snails/50x50cm), (++) =Moderate infestation(more than 16- 30 snails/50x50cm) and (+) =Low infestation  (more than 1- 15 snails/50x50cm )

Table (6): assessment of damage degree caused by pest gastropod to different plants.
	Crop
	Gastropod species involved
	Total leaf area
	Damaged area
	Degree of Damage (%)
	Economic damage

	Cabbage
	Monacha sp.
	1963.83
	471.807
	24.025
	Very high

	Lettuce
	Monacha sp.
	217.52
	27.08
	12.45
	Very high



Conclusions
The study showed that soil inspection was more effective than plant inspection for detecting Monacha obstructa in clover, while differences between soil and plant inspection were smaller for Eobania vermiculata on ornamental plants. Laboratory observations indicated that bait type, bait weight and distance influenced snail attraction. Attraction generally decreased as distance increased, and black honey showed the highest overall attractiveness among the tested non-poisonous baits, followed by vanilla, while yeast was least attractive. Field observations suggested that molasses-bran, cardboard and wood traps were more effective than beer traps for capturing terrestrial snails. Seasonal monitoring showed higher snail population density during spring than in autumn and winter. Damage assessment indicated feeding injury on cabbage and lettuce leaves, with higher estimated damage on cabbage. These findings suggest that regular monitoring, soil inspection and non-poison bait-based traps can contribute to management of pest gastropods in infested agricultural fields.
Limitations
This study was limited to selected fields in Menoufia and Qalyubia Governorates and may not represent all Egyptian agro-ecosystems. The laboratory trials used limited behavioural observations and require clearer replication, randomization and statistical analysis. Correlation with temperature was described, but correlation coefficients and significance levels were not reported. Several figures and tables require correction, and some species names need taxonomic verification. Crop-damage assessment was based on limited samples and should be expanded across more crops, seasons and infestation levels. Future studies should include stronger statistical analysis, improved experimental design and standardized monitoring methods.
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