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ABSTRACT

A study was performed to evaluate the potential for the egg parasitoid Trichogramma exiguum Pinto and Platner (Hymenoptera: Trichogrammatidae), the newly registered insect growth regulator tebufenozide (Confirm®), and a modified spray technique (top whorl only pesticide application) for suppression of Nantucket pine tip moth, Rhyacionia frustrana (Comstock) (Lepidoptera: Tortricidae) damage in Virginia pine, Pinus virginiana Mill., Christmas trees.  Augmentative releases of T. exiguum failed to increase parasitism levels in release plots compared to controls, and significant reduction in tip moth damage did not occur.  High predation levels on released T. exiguum may have contributed to the failure of parasitoid augmentations.  Whole-tree and top whorl tebufenozide treatments provided significantly greater damage control than corresponding applications of acephate (Orthene®), a commonly used pesticide in Christmas trees.  Damage to trees receiving whole-tree chemical applications did not differ significantly from trees receiving top whorl treatments for most measurements of damage.  Top whorl chemical treatments resulted in a 67% reduction in time required for application and a 70% reduction in pesticide used.

INTRODUCTION

The Nantucket pine tip moth, Rhyacionia frustrana (Comstock) (Lepidoptera: Tortricidae) is a serious pest of Virginia pine Christmas trees in North Carolina.  The moth has three annual generations in the North Carolina Piedmont (Fettig et al. 2000), with oviposition in each generation coinciding with new flushes of shoot growth (Berisford 1988).  Larvae feed gregariously within shoots and buds, resulting in stunted growth, stem deformation, and, in severe cases, tree mortality (Berisford 1988).  Because of public concern over environmental and health impacts of broad-spectrum pesticides and the uncertain future of many widely-used chemicals, it is necessary to examine alternative tip moth control strategies.


Augmentation of natural enemies may have potential for R. frustrana damage suppression.  There is a large complex of egg, larval, and pupal parasitoids that may be involved in regulating tip moth populations (Berisford 1988). Gargiullo and Berisford (1983) found that parasitoids account for 26 - 49% of tip moth mortality and that egg parasitism by Trichogramma spp. was the most important biotic mortality factor, with parasitism rates ranging from 12 to 47%.  Similarly, McCravy and Berisford (1998) recorded overall egg parasitism rates from 37.2 to 55.6%, primarily by Trichogramma pretiosum Riley and T. exiguum Pinto and Platner, and Yates (1966) reported 64.5% parasitism by T. minutum Riley.  Orr et al. (2000) found naturally occurring parasitism rates of 17 to 67%, mainly by T. exiguum, and concluded that augmentative releases of T. exiguum are technically feasible for suppression of R. frustrana damage in commercial pine plantations.

The use of biorational insecticides for R. frustrana suppression is another possible alternative to commonly used broad-spectrum chemicals.  The insect growth regulator tebufenozide has proven highly effective for a variety of lepidopterous pests, yet has very low toxicity to beneficial insects and other non-target organisms (Dhadialla et al. 1998).  McCravy et al. (2001) found no significant impact on parasitism of R. frustrana populations in loblolly pines treated with tebufenozide compared to untreated controls, while acephate (commonly used by Christmas tree growers) reduced parasitism levels significantly.  

Modified spray application methods may also provide effective tip moth control while minimizing the negative consequences of chemical pesticides.  A preliminary study by Sherling (1999) found that tip moth infestations did not differ significantly between terminal-only acephate treatments and standard whole-tree treatments.  Treating only the upper shoots would also decrease application time, pesticide use, and treatment cost.

This study examines three potential control methods for Nantucket pine tip moth in Christmas trees: 1) augmentative releases of T. exiguum; 2) treatment with tebufenozide, and; 3) treatment of only the top whorl shoots.  Parasitism levels are compared between T. exiguum release and control plots, and damage measurements are taken for the control and all treatments.  Differences in pesticide expenditure and application time are quantified for top whorl vs. whole-tree chemical treatments.

MATERIALS AND METHODS

Experimental design.  The study was conducted during 2000 and included all three R. frustrana generations at The Daniel Tree Farm in Harnett County, North Carolina, near the town of Coats (35(23’N, 78(40’W).  The experiment was set up using a randomized complete block design with three blocks and a selective placement of treatments.  Each block contained an untreated check and the following five treatments: 1) whole-tree application of acephate (Orthene® 9.4 EC, Monsanto Co., San Ramon, CA); 2) top whorl application of acephate; 3) whole-tree application of tebufenozide (Confirm® 2 F, Rohm and Haas Co., Philadelphia, PA); 4) top whorl application of tebufenozide, and; 5) 4-6 releases of T. exiguum at a mean ± SD potential rate of 794,900 ± 75,700 females/ha/release (assuming 90.6% emergence, 60.7% females, and 1.3% brachyptery [Table 1]). Release plots were selectively placed within blocks based on prevailing wind direction to minimizing drift of parasitoids into other plots.  

Plot management.  All plots contained 24 Virginia pines (Pinus virginiana Mill.) approximately 1 m in height, planted on 2.4 m centers.  Blocks one and two were planted in 1996 and block three was planted in 1997.  Erratic treatments with acephate had been performed in previous years, and a severe tip moth infestation was present.  No pesticides were applied in 2000 beyond those examined in the study.  The tree farm was mowed approximately twice per month for weed suppression.

Pesticide application.  Chemical treatments were applied once each generation using a four gallon hand-pump backpack sprayer.  Acephate and tebufenozide formulations were mixed with water at concentrations of 7.9 ml/L and 1.2 ml/L, respectively. For top whorl treatments, trees were sprayed until runoff occurred.  For whole-tree treatments, trees were sprayed until trees were thoroughly wet.  Based on the spray timing predictions of Fettig et al. (2000), chemical treatments were made on 17 April, 15 June, and 8 August for the three respective R. frustrana generations.  

Parasitoid source.  Trichogramma exiguum used in this study were reared from eggs of heliothine moths collected in cotton fields near Plymouth, North Carolina in September 1999.  Thirty-five isolines (colonies begun from a single females) were collected and species verified as T. exiguum.  Isolines were reared at NCSU for twelve generations inside Fisherbrand® 12×75 mm culture test tubes (Fischer Scientific, Pittsburgh, PA) with cotton stoppers.  Irradiated Ephestia kuehniella Zeller eggs were used as hosts, and adults were fed by streaking the inside of the tubes with honey.  The parasitoids were shipped on 28 March 2000 to BIOTOP (Route de Biot-D4, 06560 Valbonne, France), where the isolines were combined, mass reared, and formulated for release.  Formulation consisted of wax-coated cardboard capsules (approximately 5 cm3) containing an average of 1,059 ± 122 T. exiguum pupae developing inside irradiated E. kuehniella eggs.  Each capsule had four small holes to allow for emergence of adult parasitoids.  


Air freight shipments from BIOTOP to North Carolina State University occurred on 25 May, 5 June, 5 August and 12 August.  Each shipment contained a HOBO XT® Temperature Logger (Onset Computer Corporation, Pocasset, MA) programmed to record the temperature within the package for the duration of its transit.  These data were used to calculate degree-day accumulation during shipment and to time parasitoid releases.  Upon arrival in North Carolina, parasitoids were cleared by United States Customs and immediately transferred to the North Carolina Department of Agriculture and Consumer Services Beneficial Insect Laboratory, Cary, North Carolina.  After clearing quarantine, shipments were taken to the Biological Control Laboratory at North Carolina State University and held at 80% RH, 14L:10D, at either 18°C or 25°C, depending on level of development and projected date of release.   

Parasitoid release.  For the first generation, irradiated E. kuehniella eggs parasitized by T. exiguum were stuck to Color Coding Labels (Avery Dennison Office Products, Brea, CA) and placed inside PVC pipes inserted into the ground and covered by radiant heat shields.  Holes drilled into the PVC pipe allowed for parasitoid dispersal.  Tangle-foot was applied to pipes below the T. exiguum exit holes to prevent predation by other insects.  Four devices were evenly placed within each release plot.  

In generations two and three, encapsulated T. exiguum were released by hand-placing one capsule beneath each tree near the trunk for each release.  Trichogramma releases in all three generations began 7-10 days prior to pesticide applications in chemically-treated plots.  Releases were made on 5 April, 7 April, 11 April, and 13 April for the first generation; 5 June, 7 June, and 11 June for the second generation;  and 12 July, 14 July, 16 July, 20 July, and 23 July for the third generation.  Actual release rates were calculated by taking into account quality control data, including the number of parasitized E. kuehniella eggs per capsule; percent emergence prior to release; field emergence; predation; and sex ratio, percent female brachyptery, and emergence under laboratory conditions. 

Quality control.  Because parasitoid quality has been identified as an important component of successful augmentation programs (Smith 1996), field and laboratory quality control samples were taken from each cohort to verify that high-quality parasitoids were used throughout this study.  Five capsules per cohort were frozen from each shipment immediately upon arrival at NCSU to assess production emergence (the percentage of parasitized eggs added to fresh eggs during production).  Emergence percentages for each capsule were calculated by examining a subsample of 50 black (parasitized) E. kuehniella eggs for T. exiguum emergence holes.

A second sample of five capsules per cohort was taken from each shipment to determine emergence under optimal conditions.  Capsules were individually placed in 30 ml plastic diet cups and reared at 25°C, 80% RH, and a 14L:10D photoperiod.  After 7 d, cups were frozen and capsules later examined to determine percent emergence using the methods described above.  Thirty emerged adults were randomly sampled from each diet cup to determine sex ratio and percent female brachyptery.

To determine actual release rates, a third sample of five capsules per cohort was frozen at the time of each release and percent emergence calculated, and a fourth sample of 15 capsules from each release was placed under trees adjacent to a release plot.  Five capsules from this sample were removed and frozen two, four, and six days following the initial release for assessment of field emergence and predation levels.
Egg density and parasitism.  Approximately 24 sub-terminal shoots were removed from each plot (1 per tree) at approximately 4 d intervals so that the number of yellow (0-1 d old) and orange (2-3 d old) tip moth eggs could be counted to determine R. frustrana egg density.  Yellow and orange eggs were then reared at 25°C, 80% RH, and a 14L:10D photoperiod until they could be classified as hatched, parasitized, or non-viable.  Parasitized eggs (those that had turned black) were further reared until parasitoids emerged.  Species identification was made by D. Orr and confirmed by J. Pinto (University of California, Riverside).
Damage assessment. Damage assessments were made at the end of each tip moth generation on 24 May, 30 June, and 15 August.  Ten trees within each plot were randomly selected and the following measurements taken: 1) percent of terminal shoots damaged; 2) length of damage to terminal shoots; 3) percent of top whorl shoots damaged; 4) length of damage to top whorl shoots, and; 5) percent of remaining shoots damaged (using a random subsample of ten shoots per tree).  


Data analysis.  Egg parasitism, hatch, and non-viability, as well as tree damage data were analyzed by analysis of variance (PROC GLM, SAS Institute 1998). Damage length measurements were square root transformed prior to analysis.  Means were separated using LS means (SAS Institute 1998).  All means presented are followed by standard errors.

RESULTS

Laboratory reared parasitoids had an overall mean emergence of 90.6 ± 4.0% and consisted of 60.7 ± 8.9% females of which 1.3 ± 1.5% displayed brachyptery (incomplete wing development) (Table 1).  Field quality control capsules experienced high overall predation levels, with an average of 59 ± 29% egg removal within two days in the field (Table 2).  Because of the release method used in the first generation, parasitoids suffered no predation, while second and third generation releases experienced approximately 90% predation within two days in the field. Based solely on laboratory quality control data, potential field release rates averaged 721,000 ± 122,000 females/ha/release in the first generation, 1,162,000 ± 35,000 females/ha/release in the second generation, and 642,000 ± 65,000 females/ha/release in the third generation (Fig. 1).  However, actual release rates averaged 721,000 ± 122,000 females/ha/release in the first generation, 11,300 ± 14,600 females/ha/release in the second generation, and 8,600 ± 1,800 females/ha/release in the third generation.

Due primarily to low levels of parasitism, four T. exiguum and one T. pretiosum were reared from control plots, and a single T. exiguum was reared from release plots.  Overall, parasitism, egg hatch, and egg non-viability percentages between T. exiguum release and control plots were not significantly different (F = 0.29, df = 1,16; P = 0.60; F = 0.25, df = 1,16; P = 0.62; F = 0.02, df = 1,16; P = 0.89) (Table 3). 

Significant treatment effects were found for all tree damage measurements (F = 27.68, df = 5,48; P < 0.0001; F = 77.26, df = 5,30; P < 0.0001; F = 10.51; df = 5,30; P < 0.0001; F = 12.28; df = 5,48; P < 0.0001; F = 21.76; df = 5,30; P < 0.0001).  Trichogramma exiguum releases failed to significantly impact percent damage to terminal shoots or shoots below the top whorl, but resulted in an 23% overall reduction in the percentage of top whorl shoots damaged (Table 4).  Releases did not significantly reduce length of tunneling in terminal or top whorl shoots.  No significant difference in shoot damage between whole-tree and top whorl tebufenozide treatments was found.  Similar results were found for acephate, with the exception of percent damage to shoots below the top whorl, in which damage was reduced by 67% overall.  Whole-tree tebufenozide treatments provided 67 and 80% greater damage suppression than equivalent acephate treatments for percentage of terminal and top whorl shoots, respectively.  Damage to remaining shoots was not significantly different.  Length of tunneling averaged 86% lower in the terminal shoot of tebufenozide treated trees, but was not significantly different in top whorl shoots.  Tebufenozide provided greater damage suppression than acephate when applied to the top whorl for percent of terminal shoots and top whorl shoots damaged, with overall reductions of 67 and 57%, respectively.  No significant differences were found between percent of remaining shoots damaged and length of damage to the top whorl shoots, but length of tunneling damage to terminal shoots averaged 71% shorter.  The percent of terminal shoots damaged averaged 70% fewer in top whorl tebufenozide treatments than in whole tree acephate treatments, and 80% fewer for the percent of top whorl shoots damaged. Length of tunneling was reduced by an average of 86% in the terminal and 67% in the top whorl.  The percent of remaining shoots damaged was not significantly different between treatments.  Top whorl chemical treatments resulted in a 67% reduction in time required for application and a 70% reduction in the amount of insecticide used.

DISCUSSION

In this study, augmentation of T. exiguum failed to increase R. frustrana parasitism levels significantly over those occurring in untreated controls, and consequently did not provide acceptable damage suppression.  In augmentation biocontrol programs, identification of parasitoids taken from release and control plots is necessary to verify that increases in parasitism levels result from parasitoid releases.  Very few adult T. exiguum were reared from release and control plots throughout the study.  Scarcity of identified adults was due to low parasitism rates, low emergence rates for parasitized eggs, and frequent failure of emerged females to produce male offspring required for identification.  Additionally the majority of parasitized eggs collected from release plots were collected prior to parasitoid releases, and thus did not originate from augmentation.  However, due to the lack of increased parasitism in T. exiguum release plots, the insufficient number of adults for identification does not impact the conclusions of this study.  Although too few parasitoids were reared from control plots to evaluate naturally occurring Trichogramma species composition, Orr et al. (2000) found that T. exiguum was responsible for 92.4% of tip moth egg parasitism in North Carolina loblolly pine plantations.

Successful augmentation of Trichogramma depends on a variety of factors, including release characteristics, parasitoid quality, pesticide use, host abundance, weather, and predation (Smith 1996).  In this study, releases were made at potentially very high rates and were spaced closely within generations (Fig. 1).  Differences in releases rates among generations are attributed primarily to variability in numbers of parasitized E. kuehniella eggs in released capsules (Table 1).  Releases may have been late in the 1st generation, but overlapped peak oviposition in the 2nd and 3rd generations (Fig. 1).  Quality control data verify that high quality parasitoids were used throughout the study (Table 1), although much predation occurred following releases (Table 2).  No pesticides were applied to release plots during the study, and releases began 7-10 d before pesticide applications, therefore the possibility of drift affecting efficacy of T. exiguum was negligible. 

Hosts were abundant in our study plots, as demonstrated by very high damage levels in untreated control plots (Table 4), providing ideal conditions in which to test the efficacy of T. exiguum augmentation.  Parasitism levels tend to be higher in areas with more hosts, but not all release programs have followed this trend (Smith 1996). Compensatory mortality occurred in larval stages following augmentation of Trichogramma spp. in rice (van Hamburg and Hassell 1984) and T. exiguum in cotton (Suh et al. 2000a).  This form of density-dependant mortality occurs when mortality factors substitute for each other without affecting total mortality.  Therefore, following successful increases in egg mortality, larval stages experience reduced mortality, negating the effects of egg parasitism on late-instar larval populations and damage suppression.  However, Orr et al. (2000) found no evidence for compensatory mortality following releases of T. exiguum in loblolly pine plantations.  Larval populations were not monitored in the current study, and therefore no conclusions of the effects of compensatory mortality can be drawn.


The study plots were located adjacent to a large agricultural field, and pervasive strong wind was present during most of our visits to the site.  Wind speed in excess of 15 km/h for 4 and 8 h has been shown to arrest foraging behavior in Trichogramma pretiosum and T. evanescens Westwood, respectively (Fournier and Boivin 2000).  It is possible that weather may have deterred foraging and resulted in lower than expected parasitism levels.

Predation may have played a significant role in the failure of Trichogramma augmentation in this study.  Although most recent studies employing encapsulated Trichogramma exiguum have not suffered greatly from predation (Suh et al. 2000a, Shetty 2000, Orr et al. 2000), our field quality control samples indicated that an average of approximately 90% of encapsulated T. exiguum from releases in the second and third tip moth generations were destroyed by ants within two days of releases.  Based on degree-day accumulation at time of release, peak emergence from each cohort was not expected to occur until 2-3 d following release.  Therefore, predation had a severe impact on adult parasitoid emergence in generations two and three.  However, generation one releases were unaffected by predation, yet parasitoids still failed to significantly impact tip moth egg parasitism levels (Table 3).

Control of R. frustrana with Trichogramma augmentation may be difficult even under ideal release conditions.  Because tip moth larvae feed gregariously on shoots, a reduction in larval numbers may not translate directly into a reduction in shoot infestation.  Orr et al. (2000) found that despite significant reduction in larval numbers, the percent of terminal shoots was not greatly decreased. 


Tebufenozide proved highly effective at controlling R. frustrana damage, providing substantially greater damage suppression than acephate for all damage measurements and for both application methods (Table 4).  Because of its low toxicity to non-target organisms, substituting broad-spectrum pesticides with tebufenozide may also enhance natural control through the conservation of natural enemies.  Laboratory studies indicate that tebufenozide has very little direct effect on several hymenopterous parasitoids of Lepidoptera (Brown 1994, 1996), including Trichogramma exiguum (Suh et al. 2000b), T. galloi Zucchi (Cônsoli et al. 2001), and T. pretiosum Riley (Cônsoli et al. 1998).

Top whorl chemical treatments were successful in reducing pesticide use and application time without sacrificing efficacy.  Because of its role in maintaining growth and form of the plant, protection of the terminal shoot is of paramount importance to growers.  Consequently, although top whorl treatments did not control damage below the top whorl as well as whole-tree treatments, the superior protection of the upper shoots make top whorl treatments a more efficient choice.  
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Table 1. Mean ± SEM number of eggs of E. kuehniella parasitized by T. exiguum per capsule, percent emergence under laboratory conditions, females, female brachyptery, and emergence at time of release. 

	
	
	
	
	% female
	% emergence at

	Generation
	Eggs / capsule
	% emergence
	% female
	brachyptery
	time of release

	1
	990 ± 60a
	84.2 ± 4.7
	61.5 ± 8.7
	1.6 ± 1.8
	16.5 ± 8.5

	2
	1269 ± 20
	93.5 ± 3.1
	64.3 ± 5.9
	1.6 ± 1.6
	7.7 ± 5.3

	3
	866 ± 34
	94.3 ± 2.8
	56.3 ± 8.9
	0.6 ± 0.8
	21.1 ± 7.1

	Overall
	1042 ± 42
	90.6 ± 4.0
	60.7 ± 8.9
	1.3 ± 1.5
	15.1 ± 7.9


aRepresents the average number of eggs released per tree per release date because encapsulated T. exiguum were unavailable in the first R. frustrana generation.

Table 2. Mean ± SEM percent predation and emergence of T. exiguum from field quality control capsules two, four, and six days following releases.  Harnett County, NC, 2000.

	
	
	% predation
	
	% emergence

	Generation
	
	Day 2
	Day 4
	Day 6
	
	Day 2
	Day 4
	Day 6

	1
	
	0 ± 0
	0 ± 0
	0 ± 0
	
	25.3 ± 8.8
	51.9 ± 9.0
	65.7 ± 6.2

	
	
	
	
	
	
	
	
	

	2
	
	90 ± 2
	100 ± 0
	100 ± 0
	
	20.1 ± 3.1
	---
	---

	
	
	
	
	
	
	
	
	

	3
	
	86 ± 5
	100 ± 0
	100 ± 0
	
	18.0 ± 4.6
	---
	---

	
	
	
	
	
	
	
	
	

	Overall
	
	59 ± 29
	67 ± 33
	67 ± 33
	
	21.1 ± 2.2
	---
	---

	
	
	
	
	
	
	
	
	


Table 3. Mean ± SEM percent parasitism, egg hatch, and non-viability of R. frustrana eggs collected from T. exiguum release and control plots.  Harnett County, NC, 2000.

	Generation
	Treatment
	n
	% parasitized
	% hatched
	% nonviable

	1
	T. exiguum
	61
	5.2 ± 3.1
	92.1 ± 2.8
	2.8 ± 1.4

	
	Control
	61
	7.9 ± 6.1
	89.5 ± 4.9
	2.6 ± 2.6

	2
	T. exiguum
	21
	21.1 ± 6.8
	66.7 ± 12.0
	12.2 ± 6.2

	
	Control
	17
	34.5 ± 21.9
	48.8 ± 13.4
	16.7 ± 16.7

	3
	T. exiguum
	22
	16.7 ± 16.7
	83.3 ± 16.7
	0.0 ± 0.0

	
	Control
	9
	0.0 ± 0.0
	100.0 ± 0.0
	0.0 ± 0.0

	Overall
	T. exiguum
	104
	14.0 ± 4.8
	80.4 ±  6.7
	5.6 ± 2.9

	
	Control
	87
	14.1 ± 8.4
	79.4 ± 8.8
	6.4 ± 5.5


Table 4. Mean ± SEM percentage of P. virginiana shoots attacked by R. frustrana and length of tunneling damage to shoots on different portions of the tree.  Harnett County, NC, 2000.

	
	% of shoots attacked
	
	Length of tunneling (cm)

	Treatment
	Terminal
	Top whorl
	Remainder
	
	Terminal
	
	Top whorl

	Whole-tree acephate
	33.3 ± 11.1b
	19.9 ± 1.7c
	10.5 ± 3.7d
	
	0.7 ± 0.2bc
	
	0.3 ± 0.0b

	
	
	
	
	
	
	
	

	Top whorl acephate
	46.7 ± 15.6b
	21.9 ± 6.5c
	32.2 ± 11.3bc
	
	1.1 ± 0.2b
	
	0.4 ± 0.2b

	
	
	
	
	
	
	
	

	Whole-tree tebufenozide
	11.1 ± 3.7c
	8.6 ± 2.4d
	0.8 ± 0.3d
	
	0.2 ± 0.1d
	
	0.1 ± 0.0b

	
	
	
	
	
	
	
	

	Top whorl tebufenozide
	10.0 ± 3.3c
	3.9 ± 1.5d
	13.7 ± 2.5cd
	
	0.1 ± 0.1d
	
	0.0 ± 0.0b

	
	
	
	
	
	
	
	

	T. exiguum
	67.8 ± 22.6a
	67.2 ± 4.7b
	50.0 ± 8.3ab
	
	1.9 ± 0.3a
	
	1.4 ± 0.2a

	
	
	
	
	
	
	
	

	Control
	82.2 ± 27.4a
	87.1 ± 3.8a
	56.3 ± 8.6a
	
	2.3 ± 0.4a
	
	1.6 ± 0.2a

	
	
	
	
	
	
	
	


.


Means within a column followed by a different letter are significantly different (LS means, P < 0.05).

Data presented are averaged over R. frustrana generations.
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Figure 1.  R. frustrana egg density with potential and actual numbers of encapsulated T. exiguum released over the three tip moth generations.  Harnett County, NC, 2000.
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Control
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Control hatch

Control non-viable

0.027777777777777776

0.6666666666666666

0.8888888888888888

0.3333333333333333

0.08333333333333333

3.0

0.20833333333333334

0.19642857142857142

0.7916666666666666

0.6785714285714286

0.3333333333333333

0.75

0.6666666666666666

0.8333333333333333

1.0

0.16666666666666666

0.0

0.13333333333333333

0.4666666666666666

Values are averaged across dates within each generation.

Generation

n

Treatment

% parasitized

% hatched

% nonviable

T. exiguum

7.5 ± 10.6

85.6 ± 16.3

6.9 ± 6.4

61.0

Control

6.9 ± 12.0

81.9 ± 16.8

11.1 ± 19.2

T. exiguum

23.6 ± 10.5

55.6 ± 15.8

20.8 ± 26.0

17.0

Control

25.0 ± 25.0

62.5 ± 12.5

12.5 ± 21.7

T. exiguum

13.3 ± 23.1

82.2 ± 30.8

4.4 ± 7.7

9.0

Control

0 ± 0

94.4 ± 9.6

5.6 ± 9.6

Over all generations

104.0

T. exiguum

14.8 ± 15.5

74.5 ±  23.9

10.7 ± 15.9

87.0

Control

10.6 ± 17.8

79.6 ± 18.1

9.7 ± 15.6

Date

Actual T. exiguum releases

Potential T. exiguum releases 

Potential T. exiguum releases 

36985.0

0.0

36987.0

0.43

0.0

36989.0

0.33

36990.0

0.28

36991.0

0.23750000000000002

0.0

36993.0

0.1525

0.0

36995.0

0.1

36996.0

0.09

36997.0

0.08

36998.0

0.07

37041.0

0.15

37042.0

0.1567

37043.0

0.1633

37044.0

0.17

37045.0

0.1767

37046.0

0.1833

1215.0

37048.0

0.156

1137.0

1145.0

0.122

37050.0

0.088

37051.0

0.05399999999999999

37052.0

0.02

1107.0

1112.0

0.0133

37054.0

0.0067

37055.0

0.0

37083.0

0.02

636.0

37085.0

0.1

740.0

37087.0

0.1067

709.0

709.0

0.0733

37089.0

0.04

37090.0

0.05

37091.0

0.06

426.0

37093.0

0.08

37094.0

0.0867

642.0

642.0

0.0933

37096.0

0.1

37097.0

0.067

37098.0

0.033

37099.0

0.0

DIFFERENCES IN R. FRUSTRANA EGG NUMBERS BETWEEN RELEASE AND CONTROL PLOTS

TOTAL

AVERAGED OVER BLOCKS

AVERAGED OVER BLOCKS AND TRIALS

T. exiguum

Control

T. exiguum

Control

T. exiguum

Control

5.477225575051661

5.656854249492381

4.358898943540674

4.242640687119285

2.6457513110645907

2.8284271247461903

2.23606797749979

1.7320508075688772

3.3166247903554

1.4142135623730951

3.0

2.6457513110645907

1.0

2.23606797749979

0.0

1.0

0.0

1.4142135623730951

1.0

1.0

3.0

2.0

F-Test Two-Sample for Variances

1.4142135623730951

0.0

2.0

1.0

Variable 1

Variable 2

2.449489742783178

1.7320508075688772

Mean

7.428571428571429

6.214285714285714

Variance

69.49450549450549

76.18131868131869

F-Test Two-Sample for Variances

Observations

df

Variable 1

Variable 2

F

0.9122250270465199

Mean

P(F<=f) one-tail

0.43548009183373404

Variance

134.91666666666666

163.58333333333334

F Critical one-tail

0.3880593624216999

Observations

df

F

0.82475802343352

P(F<=f) one-tail

0.43895586248136564

F Critical one-tail

0.1077982147990042


