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ABSTRACT 

This stu(fy was conducted to determine behavior patterns of the jumping spider 

Habronattus oregonensis. Time budgets show that the spiders spend their time out and 

about, eating, interacting with other spiders, and in hidden behaviors. Agonistic 

encounters occur in the field and were staged in the laboratory. Whether a spider keeps 

control of the area is determined differently for males than females. In male-male 

interactions, the size of the spider as measured by weight is important in winning a 

skirmish regardless of familiarity with an area (residency). For female-female agom'stic 

interactions, however, residency does affect the outcome. In interactions between male-

female pairs, the male readily courts the female. Mature virgin females readily accept a 

mate; other females do not Finally, experiences from university research were used to 

develop lesson plans for student study at the secondary level in biology classrooms. 
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CHAPTER 1: BACKGROUND INFORMATION 

INTRODUCTION 

Over 30,000 species of spiders have been collected, identified, classified, (Foelix 

1982), and their anatomical features and biological flmctions scrutinized, but most have 

not been fully studied from a behavioral standpoint Habronattus oregonensis is one such 

spider. Prior to this stu(fy, little was known about the behavior of H. oregonensis, a 

jumping spider found locally on sky island mountain tops at high elevations. 

Behavioral studies of H. oregonensis can be useful for several reasons. First, what 

these spiders do is inherently interesting. Th^ have a large repertoire of behaviors and it 

is hard not to be fascinated by their daily lives and interactions and think about them in 

comparison to other organisms, specifically other spiders, and their known behaviors. 

This study contributes to our overall understanding of spiders, including specifically H. 

oregonensis, but also how spiders and other organisms interact in general. 

Behavior patterns can also be useful tools in determining taxonomic and 

evolutionary relationships. Courtship and mating behavior, for example, in addition to 

anatomical features, are important tools of taxonomists for identifying species, species 

groups, and higher taxa. Taxonomists use courtship and mating to determine proper 

male-female matched pairs in sexually dimorphic spiders. Males may have elaborate 

secondary sexual characteristics that distinguish them, but females tend to be tan-colored 

and nondescript, making species identification sometimes difficult 

Males, females, and juveniles may have different behavior patterns, as was the 

case with H. oregonensis, because their needs are different Females lay eggs and guard 

them. Males and juveniles do neither. Males court females, whereas juveniles do not 

court Nutritional requirements, hunting ability, or hunting time available may also 

differ, therefore, time spent on getting and eating food differ. 
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The overall goal of this program has two basic parts. First, is to gain experience as 

a working scientist by doing the things they do in order to investigate a biological 

problem. The major objectives set for the scientific study are to establish a behavior 

repertoire for oregonensis, look for patterns in the interactions between the jumping 

spiders, to establish a time budget for the species, and record courtship and mating 

behavior. The major objective for the second or educational part of this study is to use 

that experience and knowledge to develop lesson plans for the classroom at the secondary 

level using scientific inquiry as the process by which the students will learn. The results 

of the second part are the subject of Chapter 6. 

THE STUDY SPECIES 

AND STUDY SITE 

Habronattns oregonensis is in the family Salticidae, the jumping spiders. It is 

found on mountain tops in southern Arizona at an elevation of7000 to 9000 feet. Mt. 

Lemmon in the Catalinas, Carr Peak in the Huachucas, and Rustler Park in the 

Chirachauas are places near Tucson where the spider may be found. H. oregonensis is 

also found throughout California, Utah, W. Nevada, Oregon, Washington, and NW 

Montana. (Griswold, 1987). There is some variation of color between the different 

localities. 

Male and female spiders look maricediy different Mature males are 

approximately 4.5-6 mm long and have a conspicuously swollen tibia L, which is smooth 

and shiny with a frill of hairs. The swollen tibia I is characteristic for males of this 

species. Males are black with white scales on the anterior ocular area. Females are larger, 

approximately 5-8 mm long. Th^ are brown with a lighter cream color anterior marginal 

band. There is a darker brown band half way up the cephalothorax. As with other 
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Salticids, they have two large anterior median eyes and acute vision ( Griswold, 1987). 

There is some variation of color between the different localities. 

Habronattus oregonensis is ground dwelling; it prefers sunny outcroppings and is 

found in such areas as well as the leaf litter at the perimeter. The outcropping must be of 

sufficient size, estimated at approximately 27 square meters based on field observations, 

or one-fourth the length of a football field. H. oregonensis are not found in the shaded 

pine leaf litter or the forest floor where it is shaded by dense trees, mostly pines, nor up 

in trees or bushes. 

The male spiders stand out as dark specks on the li^t colored rocks. The female's 

tan-brown color makes them less obvious, especially in the oak leaf litter. They hunt on 

the ground and do not build orb webs to snare pr^. Spiders have also been found in their 

nests under rocks or leaves. Females are not spotted as often as the males in the open 

probably because many females are guarding egg sacs in nests under rocks and in the leaf 

litter or conserving their energy for egg production. Birds were often observed scratching 

through the leaf litter. There were no observations of bird, lizards, wasps, or other 

predators capturing H. oregonensis. 

Mt Lemmon was chosen for this stu(fy because of its proximity and because two 

large fires destroyed habitat and access in the other two locations near the beginning of 

the first summer of stwfy in 1994. 

Mt Lemmon is north of the city of Tucson in the Coronado National Forest The 

main stu(fy site on Mt Lemmon is on the Butterfly trail with access across from the 

Palisades Ranger Station. Th^ are found on the trail and adjacent areas wherever there 

are sufficient sunny roclty outcroppings. Spiders were also observed and collected on Mt 

Bigelow near the radio towers wliich branches to the left from the Butterfly Trail, and the 

Overlook Trail which branches to the right Spiders were also collected at Rose Canyon 
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Lake nearby. All spiders were collected at the iarge rocky outcropping between the two 

dams on the far side of the lake. 

Examples of H. oregonensis are deposited in the Department of Ecology 

and Evolutionary Biology, The University of Arizona, Tucson. 

CARE OF LIVING SPIDERS 

Approximately 60-70 spiders were collected each of three summers in 1994, 

1995, and 1996, for study in the laboratory at the University of Arizona. The spiders were 

kept one per 6 cm x 1.5 cm corked vial and given an identification tag inside the vial. 

Spiders were fed 6-9 fruit flies (Drosophila melanogaster) per week. Spiders were also 

offered other prey items when available such as larger flies, leafhoppers, small cabbage 

looper caterpillars, or small grasshoppers for variety and nutrition. Size of prey and 

length of feeding were observed. Spiders were kept well-fed so that hunger did not affect 

their interactions in experiments with other spiders. 

Many female spiders laid egg sacs which hatched in the lab. Spiderlings did not 

thrive on D. melanogaster and died after 3-5 molts on the limited diet At the end of the 

first two summers the spiderlings were rereleased at the stucfy site because of the lack of 

rearing success. In 1996, Susan Masta, personal communication, successfully reared the 

young using a large container with many spiders and leaf litter; she fed the spiderlings 

very small cabbage looper caterpillars. 
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BEHAVIORAL REPERTOIRE 

DEFINmON OF BEHAVIORS 

INTRODUCTION 

To prepare for the studies that follow, a list of behaviors and their definitions 

needed to be established. 

METHODS 

A preliminary list and definitions were initially drawn from readings and 

discussions with others in the spider lab at University of Arizona. Spiders were then 

observed in the field and in the lab. Defimtions were then refined or revised as needed to 

specifically tailor them to H. oregonensis, and new categories and descriptions were 

added when those behaviors became apparent 

What follows is a list of behaviors used in the behavioral studies to follow, and 

examples of observations made using H. oregonensis. In the behavioral studies that 

follow, the behaviors pertinent to that stu(fy will again be defined in that section and 

more detailed results given. 

RESULTS AND DISCUSSION 

1. Out and About Behaviors. This category includes hunting for prey, looking for 

mates, and activity out of the nest and in the open. The spider may be stationary or in 

motion. The palps often move up and down alternately. The first legs may be used to tap 

the ground alternately several times. Spiders may walk or jump around. Jumps are 

usually small, 2-8 cm. Spiders often pause and sit still for minutes at a time or they will 

make quick turns, quarter-turns and half-turns. The turns are made to track moving 

objects approaching, possibly a prey item. There are many solitary ants walking around 

and the spiders will turn to watch them. If an ant comes too close the spider will move 
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away. If a spider is "cruising" around it may not be apparent or possible to tell if the 

spider is hunting for prey or looking for a mate. The behavior was categorized to be 

hunting behavior if the spider was seen to pursue a prey item, even if the prey escaped. 

2. Ambush. The spider may hang up side down from a leaf low to the ground looking for 

an insect to walk under its path and then pounce on it from above. Females were seen 

using this tactic in the field. Males and females will sit on rocks waiting then move 

towards a prey item and pounce when close enough. Upon contact the spider will bite, 

kill, and feed upon its prey. 

3. Pounce. A pounce is a jump that ends in contact with a prey item or another spider. 

Both males and females do this to capture prey. A pounce can also be used in agonistic 

encounters between males or between females. And a pounce can be used by females to 

push away and thus reject a courting male. Often the other spider is pushed away upon 

contact The spider could also bit and kill the other, but this was not often observed, only 

in females when interacting with another female. 

4. Courtship by males. This behavior is observed often in males when females are close 

by. The male holds his first legs out horizontally at a 180 degree angle. He then zig-zags 

toward the female. If she is still he will continue to approach her. A more complete 

description is given in the section under courtship and mating. 

5. Hide Out Females hide under a leaf or under a rock edge from a courting male. The 

female remains hidden, peering out occasionally, until the male is not seen for about 1.5 

minutes. In other observations, spiders dug into the soil to escape confrontation with 

another spider. Both males and females do this. 

6. Back off. When about 1-2 cm apart and face to face, one spider will take backward 

steps to signal submissiotL Spiders are face to face for a few seconds or many minutes. 
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One spider, usually the smaller or non-resident, takes a few steps backwards. If there is 

no further show of aggression, then the spider that backed off may turn and run away. 

7. Nest building. Both males and females build nest retreats under rocks, in the leaf 

litter, between leaves, and underground. Nests are used for sleeping, molting, and 

protecting eggs. 

8. Egg laying. Eggs are laid and guarded by females in their nest An egg sac separates 

the clutch from the rest of the nest where the female resides until the eggs hatch. Eggs are 

yellow-orange. They get darker as spiderlings get ready to hatch. There may be 16-20 per 

clutch. 

9. Mating. Male inserts palp into female epigynum. See section on courtship and mating 

for further description. 

10. Molting. Molting occurs in the nest takes up to half-an-hour. This was observed once 

in the lab. 

11. Feeding. Spiders feed in the open where they catch their prey. A feeding bout may 

take 1-2 hours depending on the size of the prey. 

12. Pose. Spiders are close, within 1-3 cm, and facing each other. The first pair of legs 

extend out horizontally. They are held about 130-140 degrees apart and lifted above the 

ground. Cephalothorax may also be slightly elevated. Legs are less outstretched than for 

courtship displays. 

13. Waving and tapping. Waving and tapping is used by both males and females in 

agonistic encounters and while walking around hunting. It is a very conunon behavior 

and observed often. In agonistic encounters, waves usually involved alternating 

movements of the first legs up and down vertically. Sometimes the legs may move up and 

down together. Tapping occurs by bringing the first leg, left or right, forcefully down. 
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touching the ground. The motion may be slow or quick. Spiders are facing each other and 

usually close, 1-3 cm, but may be farther away, up to 10 cm. 

14. Grapple. The two agonistically engaged spiders both raise the first legs and palpi 

vertically, coming into contact with each other. They push each other, sometimes 

tumbling, until one is pushed away and backs away quickly. 

15. Charge. One spider quickly moves in on the other in an agonistic encounter. A 

charge is a quick run or jump at the other spider, but falls short of contacting the other 

spider. 
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CHAPTER 2: POPULATION DENSITY 

INTRODUCTION 

Estimating spider population density is di£Bcult because of their small size, high 

mobility, high mortality, short life span, daily and seasonal variation in activity levels, 

clustered population structure, relatively large and variable territory, variable life styles 

between species, and large amount of time spent in hidden behaviors or nesting (Wise, 

1993). 

In order to study population density of K oregonensis, a mark and recapture study 

was chosen. This kind of study is appropriate when the study organism is active, moves 

around a lot, and is not easily seen all the time. H. oregonensis is an active spider that 

spends a certain amount of time in the open hunting or looking for mates and other times 

hidden, probably nesting. Th^ may keep general territories for resources such as prey, 

access to mates, and nesting sites. Spiders were uniquely marked and a notation made of 

v\^ere they were initially captured and then released in the same spot The location could 

then be compared to the location of recapture indicating how far they have traveled. 

Marie and recapture makes several assumptions: marks stay on the animal and do 

not alter its longevity, marked and unmarked mix at random and are equally caught; 

samples are taken at regular times; all individuals are equally catchable; previous capture 

experience does not alter subsequent capture experience; a certain percentage are active 

while another certain percentage are hidden, (Calver, 1990); and marked individuals do 

not molt 
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METHODS 

Nontoxic acrylic paints were used and applied with a thin-bnstled paint 

brush. Yellow, red, blue, and orange colors alone or in combination were used in order to 

produce a unique pattern. The spiders clearly did not like being marked, however, and 

the only time 1 have been bit handling these spiders was when trying to paint one. The 

bite turned into a bruise the size of a quarter and was sore for several days. Then it faded 

away. The bite occurred because I held the spider in the palm of my hand and attempted 

to mark its thorax or abdomen. The spider did not hold still for this and the best I could 

do was dab paint on it and record the resulting patteriL I changed my painting technique 

to putting the spider in a glass tube and dabbing paint on its back by gently but quickly 

sliding the paintbrush down the tube. 

On the day of mark and release, spiders were searched for from 7 a.m. 

until 4 p.m. The same efforts were put forth on the two follow-up visits. The area 

searched was measured. It consisted of 80 meters of trail length with about a two meters 

of search width on either side, equaling 320 m^ of trail, plus two rocky areas of about 21 

m2 and 108 m^. The total search area was approximately 449 m^. The Lincoln Index 

was used to calculate the number of spiders present in the search area. 

N  =  n l  Xn2  

m 

N = the estimated population size 

nl = the total caught on day 1 

n2 = the total caught on day 2 

m = the total caught on both day I and day 2 (the recapture) 
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RESULTS AND DISCUSSION 

One June 20,1994 all spiders caught that day (15) were marked with unique paint 

patterns and released. Two days later the spiders were collected, counted, and identified 

by paint markings. Of the thirteen caught, four were marked. Four days later the spiders 

were captured again and examined; no marked spiders were recaptured, nor any the day 

after that 

The four spiders that were found marked two days later were not far from when 

they were originally captured. Fig. 2.1 and Fig. 2.2. Spider #3, #4, #8 and #14 were all 

found within 3.5 meters from initial capture. The range was 1-3.5 m; 2. Im is the average; 

0.89 is the standard deviation. The spiders maintain fluid territories that drift over time 

because of M^ere prey pursuits take them, other spiders displacing them, mating 

opportunities, and predator threats. 

Using the Lincoln Index, 49 was the calculated number of spiders inhabiting the 

search area of approximately 449 m^ or about one spider per 10 m^. Figure 2.1 shows a 

map of the search area, where the spiders were captured and marked, and some of the 

features in the area. Figure 2.2 shows which spiders were recaptured and where as well as 

new spiders captured. The number calculated for the area is probably low. More spiders 

have been captured and taken from the area after the mark and recapture study was done. 

Spiders from nearby surrounding areas must quickly fill in when others are collected 

from the area. It is also possible that by removing some spiders from the area, others have 

opportunity to become active, thus spending less time in hidden behaviors. This would be 

true if spiders spend time in hidden behaviors to avoid competitve pressures from other 
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spiders. This is entirely possible when you consider the time budgets for H. oregonensis. 

Figure 3 JC on p. X shows that males interact with other males 8% of the time. 

The spiders did spend considerable time trying to rub off the paint with their legs. 

Painting them may make them more vulnerable to predation because they are easier to 

spot or preoccupied with trying to get the paint off. In the laboratory it takes the spiders a 

week or two to rub most of the paint off Also, two of the 15 spiders were juveniles and 

could have molted between captures. Chances are small that they molted since the time 

between molts is long, a month or more from laboratory observations. However, it is 

possible they could have. Therefore, a couple of the mark and capture assumptions could 

have been violated and the result would be a low number calculated. 

Marked spiders were no longer found four days later. They either moved to 

another location, went into hiding, or died. Most marked spiders were adults and 

therefore did not molt their markings. 
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CHAPTERS: 

PATTERNS OF BEHAVIORAL ACTIVITY 

INTRODUCTION 

What does H. oregonensis do during the course of a day? What does it do 

throughout the summer season? Do some activities consume more time than others? 

Which ones? To answer these questions, observations were made in the field and in the 

lab. My hypothesis is that some activities comsume more time than others and males, 

females, and juveniles spend their time di£ferently. 

Time buckets are important because th^ tell us about a particular organism, can 

be used for comparison to other species, and can perhaps give clues to evolutionary 

events concerning the behavior and ecology in a related group of animals. Time budgets 

help predict behaviors you are likely to observe at a particular time and place, and can 

give clues to optimal group size or spacing (Krebs and Davies 1993). Feeding time may 

limit density because a spider cannot feed to satiation if another spider steals the prey 

item, there is an agonistic encounter with a rival spider, or spiders need to get away from 

predators. The strength of sexual selection may depend on how often a female get to 

choose among courting males. Time budgets may also explain why females are 

encountered less in the open than males since females guard egg sacs in hidden places 

such as under rocks for approximately two weeks at a time, two or three times per 

season. 

METHODS 

H. oregonensis were observed throughout the day at the study site between the 6 

a.m. and S p.m. Data were collected from a total of 38 days over three summers and 

search time throughout each hour-long interval of each day kept equal as possible. Rocks 
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were scanned for active spiders and turned over to look for nesting spiders. Leaf litter 

was also scanned and leaves turned over or sifted through gently by hand Spiders were 

watched as long as possible or for 30 minutes, whichever came first Observations in 

which spiders disappeared from the site in two minutes or less were not used. If possible 

spiders were collected after an observation. 

If a spider was found nesting, a note was made and the spider collected. It didn't 

make sense to watch a spider in its nest for 30 minutes. Later that observation was 

counted as the length of time of an average observation for that spider category (male, 

female, or juvenile). Average length of time was chosen rather than 30 minutes to avoid 

overestimating nest time in relation to the other activities. Thus, an estimate of time in 

hidden behaviors was made. 

Events were timed to the closest half-minute, the time of day recorded, and the 

behaviors displayed during that time interval. Records were kept in a field notebook. 

R oregonensis spiders were observed in the field along the Butterfly trail, near the Radio 

Towers on Mr. Bigelow, the Overlook trail, and Rose Canyon Lake on Mt Lemmon. 

Separate time budgets for males, females, and juveniles were considered appropriate 

because they sped their time differently. Observations were made during the sunmier 

months of June, July, and August in 1994,1995, and 1996. 

For the laboratoiy studies, two aquaria were set up. Soil from the Mt Lenmion 

study site was used as substrate. Rocks and leaf litter from the stwfy site were also added 

to mimic habitat complexity. Two purchased potted plants were added to each aquarium 

because spiders were observed walking on leaves of low-growing annuals in the field 

One aquarium was populated with three male and three female spiders. The 

female spiders sometimes had to be replenished to maintain the number because of 

death. The other aquarium was populated with one male and one female spider. 
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Observations were made at random times throughout the day. The time and activity of 

each spider was recorded. 

Feeding data were also taken from observations in the field. Whenever a spider 

caught a prey item or was found feeding upon a pr^ item a note of it was made. In the 

aquariums and spiders kept in vials prey items were added and notes taken. Drosphilia 

melanogaster were fed most often. Other prey items such as larger flies, baby 

grasshoppers, cabbage lopers, etc. were used when available. This was done to try and 

answer the questions of, " how often and how long do the spiders feed?" 

RESULTS AND DISCUSSION 

The time budgets reflect how daytime is utilized by groups of spiders over the 

period of a season (summer) rather than what an individual spider does in a day, with the 

exception of the Aquarium #1 observations. The time budgets explain what you are likely 

to find H. oregonensis doing when sampled in the field. The spiders were observed to do 

only one or sometimes two different behaviors in the 30 minute time period. Individual 

spiders may be active everyday for a while but then spend days in hidden or nesting 

behaviors. Days can be spent very differently, therefore, it is hard to say what a typical 

day is like. It very much depends on if the spider is active or in the nest For example, if a 

female spider spends all day hunting and then all day the next day in her nest, the pie 

chart would show that she spends 50% of her time hunting and 50% of her time in her 

nest But these events do not split up a single day, th^ represent what happened during 

two days of observation. On a "typical" day you have a 50% chance of finding her 

hunting or nesting. 
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There is a great deal of variabli^ between different spiders as well as what a 

spider does from day to day. Therefore it is more appropriate to discuss what spiders do 

over the course of a season rather what one spider does each day. 

Here is an example of a behavioral sequence taken from an observation at the Mt 

Lemmon study site: (w=walk, f=tum, adj.=adjustment in position, j=jump) 

10:08 am. female, rest spot on rock. w. still. 10:11. adj. slow 1/4110:12. l/4t l/4t 14t 

10:13. lowered head. adj. w. 10:14. w forward- 3" stop. 10:15. 1 step, w 3". stop, still, at 

edge of rock. adj. fly behind. l/2t fly 1" of female but quickly took off as she t to face. 

10:19. adj. l/4t adj. adj. w forward toward fly. 6" away and off rock, feinale watching, 

still, fly away, female still, w. 1/4110:23. 1/41 palps moving, stop. 1024. l/8t 1/4L w. 

tapping w 1st legs. l/4t, l/4t ant ran head on. female backed away to under rock ledge. 

10.27. 1028.30 out from ledge. looking down at edge. l/2t adj. 10:30 1/41 Look at fly 

4" away on a twig, pine cone btwn. fly away. 10:32. t, t, w 2 steps, t, 1/41, l/4t, l/4t, l/4t 

w. tap wd into sm. clump of grass w out of grass to rock. On rock at edge, t w. 3 stps, t, 

10:35. adj. adj. t, t, w, t, w, tap. still. 1.41 J. Ig ant adj. 10:38. still adj. l/4t w. tap. under 

far side of rock ledge. Lost in grass clump and little rocks. End observation. 

The above is a sequence in which a female spider was observed on 7-1-94 from 

10:08 to 10:38—a total of 30 minutes. During the observation she made numerous turns, 

mostly quarter turns (l/4t) and adjustments or very small turns (adj.). The spider noticed 

three different flies and avoided one ant The female spider walked around (w), made one 

jump (J) and several times remained motionless in one place (still). The observation was 

counted as hunting or foraging because the female spider turned to face the flies that 

came nearby. She was not collected because she disappeared into the grass and rocks. 

Males, females, and juveniles were found to spend their time differently and, 

therefore, will be discussed separately starting with males. 
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A total of 53 observations of male spiders averaging 10 minutes each were made. 

One male spider was observed to be eating and was collected. Spiders can spend 

considerable time eating based on timed lab observations. In the field spiders usually 

feed in the place where the prey item was caught, unless threatened, in which case the 

spider will drag the pr^ item to another place. Table 3.1 sunmiarizes the male field time 

budget data. 

Figure. 3.1a shows active behaviors during the active daytime hours. Males 

clearly spend most of the time hunting, 58%. A great deal of time is spent courting or 

pursuing females, 29% between the two. If you add in the 2% eating time, that's 89% of 

the day spent in looking for and eating food or courting and pursuing females. The other 

11% of the time is spent interacting with other males or avoiding predators. 

H. oregonensis spends a large amount of time dealing with the opposite sex. If 

this turns out to be general for the genus, it may help to explain way H. oregonensis 

seems to have such elaborate courtships, since females may get many opportunities to 

choose with respect to their mate. It would also be interesting to see if other salticids are 

the same. 

Males were observed to court females twelve times in the field but a female was 

never observed to accept and mate with a male spider in the field. It is difScult to say 

how many times a female encounters a courting male in her lifetime or what her mating 

choices may be or how picky she can be. In the lab, see Chapter 5, a virgin female will 

mate with the first male presented to her. In the field females probably choose one of the 

first males they meet early in the season even though there may be numerous chances 

later on. Looking at the female time budget, females spend 18% of their time rejecting 

courting males. That would equal 25 days of rejecting males out of a 20 week summer 

season. Males on the other hand spend 29% (40.6 days) of their time pursuing and 
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courting females. Clearly females have many more opportunities to encounter males than 

they take advantage of. Only the first or first couple of males that she meets counts. 

Males were observed to interact with other males 8% of the time. Sometimes a 

female is observed nearby. In these interactions the two males chased each other as far as 

several meters away fi-om where they were first seen. One of the males (perhaps the 

smaller and/or less familiar with the immediate territory) will switch to hunting behavior 

in a direction away firom the other male which now turns and heads back to try and 

relocate the female. 

If nesting behavior is added to the field time budgets, it is found that males spend 

about 2% of the time in nests. Figure 3. lb. This percentage is probably very low. Hidden 

(nesting) behaviors are probably more reliable from the aquaria data because it is know 

that the spiders are there in the space of the aquarium. In aquarium #l males were hidden 

39% of the time (Figure 3.4a), and in aquarium #2 they were hidden 18% of the time 

(Figure 3. 5a). 

To compare the active behaviors between the field and aquaria, field data were 

converted to the same sampling technique used for the aquaria and the hidden behavioral 

data removed from both sets (field and aquaha). Aquaria data could not be converted to 

field sampling technique because less information was recorded (how long each behavior 

lasted was not always recorded for the aquaria data). The conversion does change some 

categories, occurring whenever more than one behavior was observed dunng a single 

observation in the field. Otherwise there is no change. Compare Figures 3.1a with 3.Id 

male field time budgets. Courtship and Interacting with another males categories change. 

Compare Figure 3. Id with Figure 3.6b (field and aquarium #2). The males in the 

aquarium spent more time hunting, 65% compared to 58% in the field. The males in the 

aquarium spent more time eating, 19% compared to 2% in the field. Perhaps prey items 
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were easier to catch in the aquarium because of the confined space and the ability of the 

spiders to walk on the "walls" and "ceiling" surfaces. In the aquarium males spent 13% of 

the time courting the females compared to 20% courting or 29% courting and pursuing 

females in the field. Males interacted with each other 3% in the aquarium and 8% in the 

field. 

Female behavioral categories included avoiding or rejecting courting males 

instead of courting behaviors and guarding eggs in their nests. 

A total of 29 observations averaging 19 minutes each was made for female 

spiders in the field. Four feeding observations were made. Females were found in their 

nests seven times, three times the females were guarding egg sacs. Based on observations 

of captive spiders in the lab, females will guard their eggs within a nest firom the time 

they are laid until they hatch not coming out even to feed. 

Females stay with the egg sac to defend it until the spiderlings hatch out Females do not 

come out to feed during this time. In the lab, females stay on top of their egg sac with 

both the egg sac and themselves encased in silk. The egg sac takes approximately two 

weeks to hatch and females may have two or three egg sacs per season. Females in the 

field have been found in nests with egg sacs and without egg sacs. If the female is nesting 

without an egg sac, she may be getting ready to lay eggs soon. Perhaps she has already 

mated and recently feed well and therefore have no reason to be out in the open. Spiders 

do not need to eat everyday. In the lab, spiders do not eat all the prey items ofifered nor do 

they feed everytime th^r are offered. 

The female field time budget Figure 3.2a look strikingly similar to the Aquarium 

# 1 female time budget Most of the time is spent hunting, 64% in the field, 62% in the 

aquarium. The rest of the time is divided between rejecting courting males and eating, 

18% each in the field, and 19% each in the aquarium. 



31 

Females are seen less often than males in the field. See collection data. In the 

field data with nesting behavior added, females were found in the nest 24% of the time 

compared to 2% for males in the field. In the aqauria, however, females were not visible 

or in their nests 44% (AQl and AQ2 averaged) compared to 29% (AQl and AQ2 

averaged) for males. Again the field data underestimates the amount of hidden or nesting 

behavior. 

The time budgets for males and females show that the two sexes spend different 

proportions of their time hunting for food, 58% for males and 64% for females. However, 

females were observed more often than males, 4 versus 1 observation, actually feeding. 

This represents 18% for females and 2% for males. Females have greater nutritional 

needs for egg production, laying, and guarding. 

A difference in time spent also comes in the comparison of effort made by the 

male in courtship of females. Males spent 29% of their time courting or pursuing 

females. The females, on the other hand, spent 18% of their time avoiding or rejecting 

them. Females actively avoided courting males by hiding in rock or leaf litter, or in 

folded leaves off the ground of low growing annuals or jumping away. Females would 

push males away, wave their first legs and palps vertically up and down at males, turn 

away, and or jump away. 

Juveniles were observed a total 38 times averaging 19.5 minutes per 

observation in the field. Juveniles were not added to aquaria. Behaviors involve fewer 

categories than adult spiders because juveniles do not engage in courtship and mating. 

Most of their time is spent hunting and feeding—83%. This is close to the percent that 

males spent hunting and feeding AND courting and pursuing females. Twice a prey item 

was fought over and stolen from a juvenile. One time an ant fought for and took a prey 

item from a juvenile. Another time, another juvenile pounced and pushed away a feeding 



juvenile, grabbing and taking away its prey item. Even with the chance that a prey may 

be stolen, spiders will feed out in the open they catch their prey. 

Males have been seen at least twice to court an older juvenile (penultimate female). The 

juvenile paid no attention. Juvenile activities consist of hunting for prey, eating, and 

nesting. Juveniles molt in their nests. This is based on lab observations and field 

observations of empty nests found with old mots in them. 

When observations for males, females, and juveniles in the field are combined, a 

total of 120 observations were made over a total of 1815 minutes (over 30 hours), 

averaging about 15 minutes per observation. 

Spiders, male, female, and juvenile, avoid ants that quickly run across their path. 

Ants are numerous and the spiders stay clear of them. Ants seem to provide an ever 

present background noise of movement on the ground. 

Th^ nest under rocks and probably under the leaf litter too. The rocks 

heat up during the day and their underside can be hot to the touch. The increasing 

warmth from the rising sun probably signals them to leave their nest 

They hide under rocks and probably other places >^en it rains. It can get crowded 

under the rocks. Several species of spiders have been found together. Perhaps the cooler 

temperatures and the wetness decrease their activity levels and therefore their aggressions 

to each other. Perhaps these is how they survive in the winter snows. 

One male and one female were placed in the aquarium A total of 56 observations 

were made and one activity was recorded for each spider for each observatioiL Activities 

between the male and female were similar. The female spent 4% more time feeding and 

4% less time hunting. The male spent 3% more time courting than the female did in 

avoiding or rejecting the courting male. 



FEEDING 

H. oregonensis can spend considerable time consuming a prey item. An average 

size fly (approximately 0.5 cm) took an average of 85 minutes to consume when the 

spider was undisturbed in individual glass vials. In the field spiders were sometimes 

(though not often) found with a prey item. Spiders were also observed stalking and 

capturing the pr^. In general the spider feeds on the prey right where it is caught Only if 

threatened will the spider retreat, with the prey in jaws, to a nearby concealed location. 

An average sized fly will satiate a spider for three or four days. Four to five ftuit flies are 

fed to spiders two times per week in the lab. 

H. oregonensis can take relatively large pr^. In the field spiders have observed to 

stalk and catch flies larger than themselves. Table 3.5 summarizes feeding observations. 

If each spider can eat one large and 4-5 smaller prey items per week as based on 

lab and field observations then each spider will consume 100-120 prey items (insects and 

other spiders) over the course of a 20 week simmier season. In Chapter 2 forty-nine 

spiders were calculated to inhabit the study search area. In this area alone then 4900-

5880 prey items are eaten by the spiders each season. 
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COLLECTION DATA 

The collection data showing when H. oregonensis is most active is in contrast to 

some discussions with others in the lab who expressed their belief that jumping spiders in 

general including H. oregonensis are most active early in the morning, especially 

females. The data collected does not show this pattern. See Figure 3.11 for a summary of 

the three field study years. Also refer to Tables 3.6-3.9 and Figures 3.8-3.10. H. 

oregonensis is most active when it is warm. Peak times for activity is start from about 9 

a.m. through noon to 1 p.m. and sharply drops off after the 1 o'clock time interval. Late 

morning and noontime are the best times to look for H. oregonensis on Mt Lemmon. 

There were more juveniles observed and collected in the summer of 1996 than 

juvenilees observed or collected the previous two years. The 1996 summer followed an 

extremely mild winter in which the mountain experienced deficient snow fall. This could 

be a factor in spider survival and fecundity resulting in higher numbers of eggs laid, 

hatched, and spiderlings survived for the season. 
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TIME BUDGETS 

MALES 

# of spiders obs. = 53 
537 min. total 
avg. obs = 10 min. 
range: 2-30 mirL 

ACTIVITY MIN. % # OBS- • 
RANGE 
(MIN.) MEAN SD 

hunting for food 309 57 35 2-29 8.8 7.0 

courtship (displaying) 105 19 8 5-21 13 4.1 

persuing female 46 9 4 5-19 11.5 5.1 

(courtship + persuing) (151) (28) (12) 

eating 10 2 1 

encounter/interact 
with another male 42 8 8 

in nest 10 2 1 

avoid lizard 15 3 1 

TOTALS 537 100 58 

* a spider may do more 
than one activity during 
an observation. 

Table 3.1. Sunmiary of field observation data for male spiders over three summers. 



TIME BUDGETS 

FEMALES 

# of spiders obs. = 29 
557 mitL total 
avg. obs. = 19 min. 
range: 2-30 min. 

ACTIVrrY MIN. % # OBS. • 
RANGE 
(MIN.) MEAN SD 

hunting for food 270 48 13 3-30 18.6 7.9 

actively avoiding or 
rejecting male 78 14 8 5-17 9.8 4.7 

eating 76 14 4 

in nest 76 14 4 

guarding egg sac 
in nest 57 10 3 

TOTALS 557 100 32 

* a spider may do more 
than one activity during 
an observation. 

Table 3.2. Summary of field observation data for female spiders over three summers. 



TIME BUDGETS 

JUVENILES 

# of spiders obs. = 38 
721 miiL total 
avg. obs. = 19.5 min. 
range: 2-30 min. 

ACTTVirY MIN. % 

hunting for food 246 34 

eating 352 49 

in nest 117 16 

prey item faught 
over & stolen 6 1 

TOTALS 721 100 

RANGE 
# OBS. • (MIN.) MEAN 

18 2-30 9.2 

15 2-13 7.3 

6 

2 3-8 3.0 

41 

* a spider may do more 
tham one activity during 
an observation. 

Table 3.3. Summary of data from field observations for juvenile spiders over three 
summers. 
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20% 

Male Field Time Budget 

3% 2% 

58% 

• Out and About 

— Courtship 

• Pursuing Female 

• Interact w/male 

• Avoid Lizard 

Eating 

Figure 3.1a Male Field Time Budget. Shows percent time spent in different various 
behavioral activity categories excluding nest time. 
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Male Field Time Budget 

H Active Behaviors 

Figure 3.1 b Male Field Time Budget. Shows percent time spent in different various 
behavioral activity categories compared to nest time during the day. 
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14% \ 

Male Field Time Budget 

2% 2% 2% 

59% 

• Out and About 

• Courtship 

• Pursuing Female 

• Interact w/male 

• Avoid Lizard 

— 
Eating 

• In Nest 

Figure 3.1c Male Field Time Budget. Shows percent observations spent in different various 
behavioral activity categories including nest time. 
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Female Field Time Budget 

B Out and About 

i_i Reject Male 

_ Eating 

Figure 3.2a Female Field Time Budget. Shows percent time spent in different 
various behavioral activity categories excluding nest time. 
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Female Field Time Budget 

Active Behaviors 

!_ Nesting Behaviors 

Figure 3.2b Female Field Time Budget. Shows percent time spent in active behaviors compared 
to nesting behaviors during the day. 
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Female Field Time Budget 

13% 

13% 

40% 

B Out and About 

-Z! Reject Male 

Eating 

H In Nest 

H Guard Eggs 

25% 

Figure 3.2c Fenrale Field Time Budget Shows percent observations spent in 
different various behavioral activity categories. 
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Juvenile Field Time Budget 

B Out and About 

Eating 

I Prey Taken 

Figure 3.3a Juvenile Field Time Budget Shows percent time spent in different 
various behavioral activity categories excluding nest time. 
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Juvenile Field Time Budget 

H Active Behaviors 

Figure 3.3b Juvenile Field Time Budget. Shows percent time spent in active 
behaviors compared to nesting bahaviors during the day. 
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Juvenile Field Time Budget 

5% 

B Out and About 

U Prey Taken 

Chart 3.3c Juvenile Field Time Budget. Shows percent observations spent 
in different various behavioral activity categories including nest time. 
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AQUARIUM OBSERVATIONS 

AQUARIUM#! 
One male and one female, # of obs. = 56 
Count equals the number of times the male or female spider was doing that activity. One 
activity was recorded for each spider for each observation. Observations took place at 
random time throughout the day from Jime 15-July 7,1994. 

MALE 

hunting 22 

courtship 8 
(displaying) 

eating 4 

not visible 22 

FEMALE 

hunting 20 

actively avoid/reject 6 
(doing something else) 2 

eating 6 

not visible 24 

AQAUARIUM#2 
Three males and three females *New females were added twice to replace dead ones. 
# of obs. = 13 
Count indicates what a spider, male or female, was seen to be doing during an 
observation. One activity recorded per spider. 

MALE 

seen 32/39 possible 
not visible 7/39 

hunting 21 

courtship 4 

eating 6 

interact w/same sex 1 

FEMALE 

seen 23/39 possible 
not visible 16/39 

hunting 13 

avoid/reject 4 

eating I 

interact w/same sex 3 

seen in nest 0 

Table 3.4. Aquarium Observations. 



Aquarium 1 Male Time Budget 

H Hunting 

Not Visible 

Courtship 

Figure 3.4a Aquarium 1 Male Time Budget Shows percent time spent in 
different various behavioral activity categories. 
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Aquarium 1 Male Time Budget 

Hunting 

Courtship 

Figure 3.4b Aquarium 1 Male Time Budget. Shows percent time spent in 
different various behavioral activity categories without hidden 
behaviors. 
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Aquarium 1 Female Time Budget 

11% 

11% 

36% 

, I Not Visible 
42% 
I Hunting 

U Reject Male 

Eating 

Figure 3.5a Aquarium 1 Female Time Budget. Shows percent time spent in 
different various behavioral activity categories. 
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Aquarium 1 Female Time Budget 

H Hunting 

i Reject Male 

Eating 

Figure 3.5b Aquarium 1 Female Time Budget Shows percent time 
spent in different various behavioral activity categories 
without hidden behaviors. 



Aquarium 2 Male Time Budget 

Hunting 

Not Visible 

Courtship 

13 Interact w/Maie 

Figure 3.6a Aquarium 2 Male Time Budget. Shows percent time spent in 
different various behavioral activity categories. 
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Aquarium 2 Male Time Budget 

3% 

• Hunting 

—̂ Eating 

"" ' 

Courtship 

• Interact w/Male 

Figure 3.6b Aquarium 2 Male Time Budget. Shows percent tinrie spent in 
different various behavioral activity categories withoug hidden 
behaviors. 
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Aquarium 2 Female Time Budget 

Not Visible 

Hunting 

: Reject Male 

C Interact w/Female 

Figure 3.7a Aquarium 2 Female Time Budget. Shows percent time spent in 
different various behavioral activity categories. 
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Aquarium 2 Female Time Budget 

5% 

B Hunting 

Reject Male 

Q Interact w/Female 

Figure 3.7b Aquarium Z Female Time Budget. Shows percent time spent in 
different various behavioral activity categories without hidden 
behaviors. 
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FEEDING TIMES 
H. oregonensis was fed one fly approx. 0.5 cm. in length (long legged fly family 
Dolichopodidae). Feeding time was recorded from the time the spider caught the fly until 
it discarded the sucked out carcass. *Not all spiders caught and fed on the fly provided. 

SPIDER TIME TIME TOTAI 
ID# CAUGHT DISCARDED TIME 
018 * 

017 9:46 am 11:00 75 
016 9:57 11:20 83 
008 10:03 11:20 77 
019 * 

005 10:17 11:50 93 
015 
007 11:00 1:00 pm 120 
006 10:55 12:48 113 
014 * 

004 11:44 1:00 76 
009 12:12 1:15 63 
010 12:10 1:15 65 
025 * 

TOTAL 765 
AVERAGE 85 min./each of 9 feedings 

026 was fed a large fly, approx. 1 cm. The spider caught it right away and fed from 
2:01-3:50 pm or a total of 109 min. Observations were made 7-3-94. 

OTHER FEEDING OBSERVATIONS: 

• IN AQUARIUM #1 on 6-25-94 a emale spider caught a green bottle fly at 12:55 pm 
and fed until 1:50 pm, a total of 55 min. 

• On 6-30-94 a male spider caught a small grasshopper and fed from 6:00-7:05 pm, a 
total of 65 min. 

• On 7-4-94 a male spider aught a large house fly at 2:10 pm and fed until 3:40 pm, a 
total feeding time of 90 min. 

• IN AQAURIUM #2 a male spider caught a house fly at 1:25 pm and fed until 3:31 
pm, a total of 126 min. 

FEEDING IN THE FIELD 
H. oregonensis has been observed to eat various prey tiems in the fleld including large 
(approx. 1 cm) flies and smaller flies, leaf hoppers, and spiders of other species. 

Table 3.5 Summarizes observations of feeding times. 



R oregonensis COLLECTED OR OBSERVED BY TIME 
JUNE, JULY, & AUGUST 1994 

TIME MALES FEMALES JUVS. TOTAL 
6 am 1 0 0 1 
7 6 1 1 8 
8 5 2 2 9 
9 5 3 J 11 
10 13 6 1 20 
11 14 6 4 24 
12 pm 12 6 3 21 
I 9 2 3 14 
2 5 2 4 11 
3 3 0 0 3 
4 0 0 0 0 
5 0 0 0 0 
TOTALS 73 28 21 122 

Table 3.6 Field data of spiders collected or observed in the summer of 1994. 

H- oregonensis COLLECTED OR OBSERVED BY TIME 
JUNE, JULY, & AUGUST 1995 

TIME MALES FEMALES JUVS. TOTAL 
6 am 0 0 0 0 
7 0 0 0 0 
8 0 0 0 0 
9 1 0 0 1 
10 9 2 10 21 
11 5 1 3 9 
12 pm 13 4 4 21 
1 11 3 10 24 
2 7 1 8 16 
3 0 2 6 8 
4 0 0 0 0 
5 0 0 0 0 
TOTALS 45 14 41 100 

Table. 3.7 Field data for of spiders collected or observed in the sununer of 1995. 
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H- oregonensis COLLECTED OR OBSERVED BY TIME 
JUNE, JULY, & AUGUST 1996 

TIME MALES FEMALES JUVS. TOTAL 
6 am 0 0 0 0 
7 0 0 0 0 
8 2 0 4 6 
9 5 2 10 17 
10 9 0 19 28 
11 10 4 25 39 
12 pm 11 6 21 37 
1 11 6 22 39 
2 7 3 11 21 
3 1 J 5 9 
4 1 2 1 4 
5 0 0 0 0 
TOTALS 57 26 118 201 

Table 3.8 Field data of spiders collected or observed in the summer of 1996. 

H. oregonensis COLLECTED OR OBSERVED BY TIME 
SUMMER 1994,95, & 96 

TIME MALES FEMALES JUVS. TOTAL 
6 am 1 0 0 1 
7 6 1 1 8 
8 7 2 6 15 
9 11 5 13 29 
10 31 8 30 69 
11 29 11 32 72 
12 pm 36 16 28 80 
1 31 11 35 77 
2 19 6 23 48 
3 4 5 11 20 
4 1 2 1 4 
5 0 0 0 0 
TOTALS 176 67 173 423 

Table 3.9 Summarizes field data of spiders collected or observed over three summers. 
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H. oregonesis COLLECTED OR OBSERVED BY TIME 
JUNE, JULY, & AUGUST 1994 
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JUVENILES 
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• MALES 
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0 10 20 30 40 

SPIDERS CAPTURED 

Figure 3.8 H. oregonesis collected or observed by tinne June, July and August 
1994. Shows number of categorized spiders colleaed by time of day 
within one hour time intervals. 
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H. oregonesis COLLECTED OR OBSERVED BY TIME 
JUNE, JULY, & AUGUST 1995 
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SPIDERS CAPTURED 

Figure 3.9 H. oregonesis collected or observed by time June, July and August 
1995. Shows number of categorized spiders collected by time of day 
within one hour time intervals. 
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H. oregonesis COLLECTED OR OBSERVED BY TIME 
JUNE, JULY, & AUGUST 1996 
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Figure 3.10 H. oregonesis collected or observed by time June, July and August 
1996. Shows number of categorized spiders collected by time of 
day within one hour time intervals. 
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TOTAL H. oregonesis COLLECTED OR OBSERVED BY 
TIME JUNE, JULY, & AUGUST 1994-1996 
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SPIDERS CAPTURED 

Figure 3.11 H. oregonests collected or observed by time June, July and August 
1994-1996. Shows number of categorized spiders collected by 
time of day within one hour time intervals. 
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CHAPTER4 

AGONISTIC BEHAVIORAL STUDIES 

INTRODUCTION 

Agonistic encounters occur in the field when spiders wander into areas already 

occupied by another spider. Which spider keeps control of the area is determined 

differently for males and for females. The idea that behavioral traits linked to individual 

fitness may differ between males and females was tested in the desert fimnel-web spider, 

Agelenopsis aperta. Juveniles of either sex were found to behave similarly as compared 

to adult female spiders (Singer 1994). 

Agonistic behaviors are of interest because they have been observed in the field 

and take up time from the spider's day, 8% for males. See Chapter 3. At least 10 genera 

of male jumping spiders are known to engage in agonistic encounters (Faber & Jeffrey, 

1993). Female agom'stic behavior is less studied. In the case of female H. oregonensis, 

which tend to be more aggressive, the encounter may lead to the end of life for one of 

the engaged spiders. It is probably an important ecological factor that determines spacing 

and density of H. oregonensis populations. 

Agonistic interactions between conspecific males or females may serve different 

purposes; therefore, the interactions will be different Males interact with other males in 

order to gain control of valuable resources such as foraging space, prey, nesting sites, and 

mates (Wilson 1975; Huntingford & Turner 1987). Some male jumping spiders may even 

guard a penultimate female until she goes through her final molt to maturity and thus is 

able to mate, Wayne Maddison, pers. conversation. Females on the other hand engage in 

agonistic encoumers for another additional reason, in order to guard egg sacs, a most 

valuable resource, from observations made in the lab. For this reason females may be 

more aggressive, fighting more quickly, longer, and more intensely. The data below looks 
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at whether or not spiders engaged and which spider won as a function of weight and 

residency status. Data on quickness to engage, length of engagement, and intensity were 

also measured and are given. 

It is my hypothesis that both males and females will demonstrate agonistic 

behaviors toward others of the same sex but for different reasons. Males are agonistic 

toward each other because of competition for females. Female spiders are agonistic 

toward each other because they must defend their egg sacs and perhaps a certain territory 

around the egg sacs that is rich in prey items once the spiderlings hatch. 

MATERIALS AND METHODS 

Pairs of spiders (male-male or female-female) were placed in a shoebox-sized 

clear plastic container measuring 30 cm X 16cm X 9 cm. In one set of tests, non

residents, spiders without recent experience in the box, were placed at the same time 

together about 15 cm apart to start and observed for 30 minutes. 

To establish residency, boxes were filled with about 1 cm of soil from the ML 

Lemmon study site. The resident spider was allowed to spend at least one overnight in 

the box. A medium-sized spider was chosen to be a resident so that smaller, larger, and 

equally sized spiders could be tested with it. Intruders were chosen randomly. Non 

resident pairs were chosen randomly. 

The length of the interactions between spiders were rounded to 15 seconds. 

Forty pairs were used for the both male-male studies, but, because females were harder to 

find and collect in the field less numbers were used. 21 non resident female pairs were 

tested and 34 resident-intruder pairs were tested. 

The shoebox was chosen over smaller petri dishes as an arena to allow for 

possible greater repertoire of behavior. Papers on staged agonistic encounters descnbe 
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male-male encounters in very small places, usually a petri dish. I felt this may limit their 

responses to each other. The shoe box was small enough to ensure the spiders noticed 

each other but large enough to allow them greater freedom of movement 

Spiders were fed usually a day or two before, or that morning for tests in the 

afternoon, and weighed the day of the test before or after each test. Time to first 

encounter, duration, and intensity behaviors were recorded. 

Intensity of the interaction was rated using the following scale: 

0 watching, noting other spider 

1 wave, tap, or pose 

2 jump, move away, backstep 

3 charge, dive into soil 

4 grapple, push 

5 pounce 

6 bite, kill, eat the other spider 

A spider was considered to have won if it caused the other spider to perform 

escape or submissive behaviors such as back stepping, running away, or diving into the 

ground. A winning spider also displays aggressive behaviors such as posing, signally, 

charging, pouncing, or killing the other spider. The spider that had the most aggressive 

behaviors and the fewer escape or submissive behaviors compared to the other spider was 

deemed the winner. This was usually clear-cut One spider was consistently dominant in 

its behavior over the other spider. 
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Weight was used as an overall estimate of body size. A Mettler P163 Analytical 

and Precision Balance was used. The spiders were placed in a small, 3 cm diameter, petri 

dish and weighed to the nearest 0.1 mg. 

Difference in weight (independent variable), duration, and time to the first 

encounter (dependent or response variables) are continuous variables for which t-tests 

can be used. Outcome and intensity level, residency status, number of events, and sex of 

the spider ,on the other hand, are discrete variables resulting in enumeration data. A Chi-

squared test can be appropriately used for outcome and intensity level (Schefler, 1979) 

RESULTS AND DISCUSSION 

To see if residency gave an advantage in agonistic encounters for males, a chi-

squared test was performed. Residency was not a significant factor. For females, 

however, residency was a significant factor beyond the p = 0.01 level. 

A chi-squared test was also performed to see if sex made a difference on whether 

the resident won an agonistic encounter or not, specifically to see if being female and a 

resident made a statistical difference in the amount of wins. This was found to be 

significant beyond the p = 0.005 level. 

In male-male H. oregonensis agom'stic interactions, the size of the spider as 

measured by weight seems to be the most important factor in winning a skirmish 

regardless residency. Males choose not fight 43-47% of the time. For non resident males, 

males with less than 0.3 mg difference in weight won only 3% of the staged skirmishes, 

see Fig. 4.1. When residency was established 5% of the smaller male residents and 5% of 

smaller male intruders won skirmishes, see Fig. 4.2b. Fig. 4.2c shows that there is a 50-50 

chance of a smaller male resident or smaller intruder winning. When male spiders that 

are evenly matched in weight are paired, resident win 60%, See Fig. 4.2d. Fifty percent 
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would be expected here. Now when you look at Fig. 4.2b again to compare males with 

greater than 0.3 mg difference in weight 15% of the residents won compared to 8% of the 

larger intruders. This turns out to be 67% of the larger residents winning. Larger spiders 

would be expected to win reguardiess of residency. 

For female-female spider agonistic interactions, however, residency does affect 

the outcome as well as a large weight difference. The resident female spider does hold 

the advantage. Weight is also important In female-female non-resident tests, weight was 

the most important factor. 

For non resident female spiders, 14% of the smaller females won skirmishes. See 

Fig. 4.3. Compare this to 3% of smaller males winning. 57% of the larger females won 

and 29% were evenly matched. When looking at females residents vs. female intruders 

only, 89% of the smaller female residents won skirmishes whereas only 11% of smaller 

female intruders were able to win a skirmish, see Fig. 4.4c. When females were evenly 

matched in size, 67% of the residents won, see Fig. 4.4d. When female residents were 

larger, they won 58% of the skirmishes. Intruders more than 0.3 mg larger were able to 

win 42% of the skirmishes, see Fig. 4.4e. 

Males ranged in weight from 0.3 mg to 1.8 mg. Females ranged in weight from 

1.3 mg. to 3.9 mg. 

Residency may be an important factor in mate choice by females. However, it did 

not significantly give the resident male any advantage in winning a bout with an intruding 

male. It has been shown that in the desert tortoise, Gopherus agassizii, residency gives a 

male an advantage in female choice for mating when other males are the same size. 

Otherwise the larger male has the advantage. (Niblick, Rostal, and Classen, 1994). 

Non-resident males did not engage in 43% of the staged trials. Smaller spiders 

seldom WOIL Only 3% of spiders with a 0.3 mg difference in weight or smaller than the 
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other spider did so. Spiders with a weight difference of ^1- 0.3 mg were considered 

equally matched and either could win. This was the case in 27% of the trials. Meanwhile 

27% of the spiders 0.3 mg or more difference in weight won. See Fig. 4.1. 

Resident males chose not to engage in 47% of the staged trials. Residents won a 

total of 30% of the staged encounters and intruders won 23%. Residents have a slight 

advantage. Weight differences were looked at to make sure residents didnt win or loose 

strictly because of size. When the intruder was bigger he won 8% of the encounters and 

when the resident was bigger he won 10%. The matched weight category is interesting 

for resident trials because if residency doesnt matter then the resident should win 50% of 

the matched encounters. However, if residency does matter then the percentage should be 

greater for the resident When weight matched, the resident won 15% of all encounters 

compared to the intruder, which won 10%. When the intruder was smaller by 0.3 mg or 

more he won 5% and when the resident was smaller than 0.3 mg difference in weight he 

won 5%. Therefore, smaller male spiders win 5% of the trials whether they are resident 

or intruder. See Figs. 4.2a-e. 

Both resident & non-resident females always an interacted in contrast to 43% of 

the males which never interacted., 0% no encounters. In two trials, a female spider killed 

the opposing female. In one case the female killer was larger, but in one case the female 

killer was considerably smaller and was a resident Females were quicker to fight and 

their bouts lasted longer than the males, resident or non-resident See Tables 4.2,4.3,4.4, 

and 4.5. Non-resident males fought more intensely and had more events (bouts or 

interactions between spiders) than resident males, resident females, or non-resident 

females. However, resident and non-resident females had more interactions of greater 

intensity than male resident spiders. 
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For non-resident females, weight was the most important factor in winning an 

encounter. 57% of the encounters were won by larger female spiders. Another 29% were 

equally matched and 14% of the smaller females won the match. 

Residency was an important factor. 68% of the encounters were won by resident 

females. 24% were won by a resident considerably smaller than the intruder, while 24% 

(out of 33% intruder wins) were won by intruders considerably bigger than the resident 

Only 9% of the matches were won by intruders smaller or matched in size to the resident 

female spider. 

Also adding soil to the resident boxes proved to be most interesting because 

sometimes a spider will dive into the dirt to escape an aggressor. 

CONCLUSION 

Females are more aggressive than male H. oregonensis spiders. Males did not 

engage in 43% of the staged encounters, while females always engaged. For males that 

did engage, weight was the major determining factor for which spider wins. For females, 

residency as well as weight was important Females in the field will guard their egg sacs 

in nests under rocks. Their tendency to engage may increase their reproductive success. 

Males did not kill in any of the trials. In the field males have been observed to chase 

away other males from an area where a female is found. 

Other orgam'sms have been found to show a similar behavior pattern where the 

larger or resident wins in agonistic encounters. Male E>rosophila percnosoma in Hawaii, 

for example, engage in agonistic bouts to defend leaf territories. Males that win are 

usually either the larger or the resident of both. (Bell and Kipp 1994). H. oregonensis 

show this pattern except that it is the female that defends a residence. 
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Weight does play a role in female encounters because of the intruders that won 

most were considerably larger than the resident However, smaller resident spiders won a 

considerable 24% of the time. In one case a smaller spider killed and devoured a larger 

intruder. Females can get much larger when gravid and perhaps the condition makes 

them a larger but lesser opponent The optimal size for a female is probably her mature 

non-gravid weight Other organisms have been found to show a similar behavior pattern. 

Male Drosophilia percnosoma in Hawaii, for example, engage in agonistic bouts to 

defend leaf territories. Males that win are usually either the larger or the resident of both. 

(Bell W.J. and Kipp, LR., 1994). 

Predatory female assassin bugs, Sinea diadema, readily engage in agonistic 

encounters but fights rarely result in injury or canmbalism. (Schmidt, 1994). H. 

oregonensis males and females have occasionally been observed in the field with missing 

legs or palps. A male spider once lost a leg in a bout with another male, and two female 

spiders killed their female opponents. This is one maiming and two deaths out of a total 

of 135 staged trials. Serious injury or death is rare. 

The female spider Z.>/cofa tarenttUa fasciiventris was found to fight longer and 

more intensely than the males. Females were also more versatile in their behavioral 

repertoire. Wei^t difference was less a factor for male interactions than previous access 

to female territory. (Femandezmontraveta, 1993). For further study it would be 

interesting to see if male H. oregonensis males become more aggressive in the presence 

of a female. Wells, 1988, showed that levels of intensity increase in E. parvula if a dead 

female is present In preliminary studies in the lab over the three summers, H. 

oregonensis actually engage in agonistic behaviors less because they both became 

preoccupied with the female placed with them in the arena. Thus, interactions with each 

other ended or became limited. 
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Non Resident Male Pairs 

3% 

I No Encounter 

Figure 4.1 Non Resident Male Pairs. Shows percent wins by weight difference 
categories. 
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Resident Male Pairs 

C Resident 

I No Encounter 

_ Intruder 

42% 

Figure 4.2a Resident Male Pairs. Shows percent wins of residents compared 
to intruders and no encounters. 
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Resident Male Pairs Grouped by Weight 

15% 

• Resident<> 0.3 mg 

! Resident +/- 0.3 mg 

I Resident =>0.3 mg 

H No Encounter 

I lntruder<«> 0.3 mg 

G Intmder +/- 0.3 mg 

Intruder «>0.3 mg 

42% 

Figure 4.2b Resident Male Pairs. Shows percent wins by weight difference 
and resident status categories. 
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Male Residents compared to intruders in the less 
than or equal to 0.3 mg. category. 

50% 50% 
Q Resident<= 0.3 mg 

lntruder<= 0.3 mg 

Figure 4.2c Male resident wins compared to intruder wins of spiders in 
the less than or equal to 0.3 mg. category. 
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Male residents compared to intruders in the 
+/- 0.3 mg. category. 

\ 
40% 

60% 

• Resident +/- 0.3 mg 

_ intruder +/- 0.3 mg 

Figure 4.2d Male resident wins compared to intruder wins of spiders in the 
+/- 0.3 mg. category 
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Male residents compared to intruders in the 
greater than 0.3 mg. category. 

Resident =>0.3 nng 

Intruder =>0.3 mg 

Figure 4.2e Male resident wins compared to intruder wins of spiders in 
the greater than 0.3 mg category. 
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Non Resident Female Pairs 
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57% 

14% 

/ 29% 

• < 0.3 mg 

; +/- 0.3 mg 

>0.3 mg 

H No Encounter 

Figure 4.3 Non Resident Female Pairs. Shows percent wins 
by weight difference categories. 



78 

Resident Female Pairs 

Resident 

Intruder 

Figure 4.4a Resident Female Pairs. Shows percent wins of residents 
compared to intruders. 
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Resident Female Pairs 

31% 

I Resldent<« 0.3 mg 

ZJ Resident +/- 0.3 mg 

I Resident ->0.3 mg 

I lntruder<s 0.3 mg 

G Intruder +/- 0.3 mg 

Intruder =>0.3 mg 

Figure 4.4b Resident Female Pairs. Shows percent wins by weight difference 
and resident status categories. 
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Female residents compared to intruders in the 
less than or equal to 0.3 mg. category. 

11% 

/ 
/' 

X 

_1 Resident<= 0.3 mg 

lntruder<= 0.3 mg 

\ / 

89% 

Figure 4.4c Female resident wins compared to intruder wins of spiders in 
the less than or equal to 0.3 mg. category. 
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Female residents compared to intruders in the 
+/- 0.3 mg. category. 

33% 

67% 

[_ Resident +/- 0.3 mg 

. intruder +/- 0.3 mg 

Figure 4.4d Female resident wins compared to intruder wins of spiders in 
the +/- 0.3 mg. category. 
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Female residents compared to intruders in the 
greater than 0.3 mg. category. 

42% 
D Resident =>0.3 mg 

Intruder =>0.3 mg 

Figure 4.4e Female resident wins compared to intruder wins of spiders 
in the greater than 0.3 mg. category. 
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STATISTICAL COMPARISON 
OF AGONISTIC ENCOUNTERS BY GENDER & RESIDENCY 

duration 1st enc. intensity events n 

fem. total 467 175.25 123 128 34 
res. avg. 13.7 5.15 3.6 3.8 

SD 66 30 2.18 5.9 
SS 8.1 5.5 1.5 2.4 

fem. total 278.75 131.5 78 103 21 
non avg. 13.3 6.26 3.7 4.9 
res. SD 68 26.6 2.2 16.8 

SS 8.3 5.2 1.5 4.1 

male total A 293 221 70 62 40 
res. avg. A 7.3 5.5 1.8 1.6 

SD A 73 51.7 3.7 5.0 
SS A 8.5 7.2 1.9 2.2 
avg. B 12.7 9.6 3.0 2.7 23 
SDB 58 50.7 2.5 5.6 
SS B 7.6 7.1 1.6 2.4 

male total A 208 150 90 120 40 
non avg. A 5.2 3.8 2.3 3.0 
res. SD A 36 25.8 4.9 15.0 

SS A 6 5.1 2.2 3.9 
avg. B 9.0 6.6 3.9 5.2 23 
SDB 28 26.7 2.0 14.9 
SSB 5.3 5.2 1.4 3.9 

Table 4.1. This is a statistical comparison of the four different agonistic tests. Duration is 
measured in minutes and refers to the total duration of encounters during the 30 minute 
observation. 1st enc. is the time in minutes to the first agonistic behavior displayed by the 
spiders. Intensity is a rating from 0-S, 0 being no encounter and 5 a spider is killed, see p. 
65. Events refer to the number of bouts during the 30 minutes. For the male, statistics for 
duration and time to the first encounter were also calculated minus the trials for which 
there was no encounter. 



AGONISTIC BEHAVIORAL STUDIES 
NON-RESIDENT MALE PAIRS 

PAIR WTS. DIF. WIN DUR. 1ST INT. EVENTS 
id# mg. mg- id# tnin. min. rating # 
1.009,010 1.3 1.3 0.0 009 11.5 5 5 5 
2.010,027 1.3 1.2 O.I - - - 0 0 
3. 009,013 1.3 1.2 0.1 013 16 2 5 2 
4.005,008 0.7 1.4 0.7 - - - 0 0 
5.017,015 1.4 0.7 0.7 017* 14 16 5 8 
6.014,002 1.3 0.9 0.4 - - - 0 0 
7.027,018 1.2 1.2 0.0 - - - 0 0 
8.014,016 1.3 0.7 0.6 - - - 0 0 
9. 014,002 1.3 0.9 0.4 002 12 6 5 2 
10.013,017 1.2 1.4 0.2 017* 3 17 5 1 
11.002,013 0.9 1.2 0.3 013* 8 5 2 4 
12.013,015 1.2 0.9 0.3 - - - 0 0 
13.005,013 0.7 1.2 0.5 013* 13 20 1 2 
14. 018,014 1.2 1.3 0.1 - - - 0 0 
15. 009, 028 1.3 1.3 0.0 028 6 7 2 2 
16.218,238 0.8 0.9 0.1 218 5 2.5 2 1 
17. 332,320 0.3 0.7 0.4 320* 8 2 5 7 
18. 331,301 0.7 0.4 0.3 - - - 0 0 
19. 327,308 0.9 0.4 0.5 327* 1 0.5 3 2 
20. 323,326 0.8 0.5 0.3 323* 14 9 5 5 
21.322,304 0.8 0.4 0.4 - - - 0 0 
22. 345,346 0.5 0.8 0.3 - - - 0 0 
23. 305,344 0.6 0.4 0.2 305* 16.25 4.25 5 13 
24. 351,352 1.0 0.7 0.3 351* 4 12 3 12 
25. 301,320 0.4 0.7 0.3 320* 1.75 9.5 3 3 
26. 331,308 0.7 0.4 0.3 - - - 0 0 
27. 361, 359 1.0 0.8 0.2 361* 5 7 5 4 
28. 305,358 0.6 0.9 0.3 - - - 0 0 
29. 322,360 0.8 1.1 0.3 - - - 0 0 
30. 326,345 0.5 0.5 0.0 326 20 5 5 13 
31.360,351 1.1 1.0 0.1 351 12 5 5 12 
32. 332,352 0.3 0.7 0-4 - - - 0 0 
33. 323,352 0.8 0.4 0.4 323* 3 1 5 5 
34. 361,358 1.0 0.9 0.1 361* 2 6 2 2 
35. 381, 382 1.1 0.7 0.4 381* 13.5 2 2 8 
36. 381,387 1.1 0.9 0.2 - - - 0 0 
37. 382, 373 0.7 0.8 0.1 373* 12 3 5 3 
38. 387,373 0.9 0.8 0-1 373 7 4 5 4 
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PAIR WTS. 
id # mg. 
39.304,327 0.4 0.9 
40.372,388 0.9 0.9 

DIF. WIN DUR. 
mg. id # min. 
0.5 -
0-0 -

1ST INT. EVENTS 
min. rating # 

0 0 
0 0 

Table 4.2 Non resident male pairs. Shows weights, difference in weight, which spider 
won, duration, time to the first encounter, intensity rating, and the number of events for 
each 30 minute trial. 
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AGONISTIC BEHAVIORAL STUDIES 
RESIDENT MALE PAIRS 

PAIR WTS. DDF- WIN DUR. 1ST INT. EVENTS 
id# mg. mg. id# min. min. rating # 
L027,028 1.2 1.3 0.1 - - - 0 0 
2.010,016 1.3 0.7 0.6 - - - 0 0 
3.010,002 1.3 0.9 0.4 002 12 0 5 4 
4. 027,009 1.2 1.3 0.1 027* 11 20 5 3 
5.010,005 1.3 0.7 0.6 010* 7 30 2 1 
6.010,014 1.3 1.3 0.0 - - - 0 0 
7. 027,002 1.2 0.9 0.3 027* 20 4 2 2 
8.010,017 1.3 1.4 0.1 010* 12 18 5 2 
9. 027,039 1.2 1.8 0.6 027* 2 1 5 2 
10. 040,008 1.6 1.4 0.2 - - - 0 0 
11. 040,039 1.6 1.8 0.2 - - - 0 0 
12. 027,038 1.2 0.7 0.5 027* 12 5 5 3 
13. 040,014 1.6 1.3 0.3 040* 4 11 2 2 
14.015,014 0.9 1.3 0.4 - - - 0 0 
15. 209,211 0.8 1.1 0.3 211 22 6.5 2 3 
16. 201,212 1.5 1.6 0.1 - - - 0 0 
17. 205, 221 1.1 1.1 0.0 221 18.5 6 5 5 
18. 208,218 0.8 0.8 0.0 218 8.5 8 3 1 
19. 225,235 0.9 0.8 O.l - - - 0 0 
20. 201,219 1.5 0.9 0.6 - - - 0 0 
21.209,232 0.8 1.3 0.5 209^ 5 21 2 I 
22. 225,233 0.9 1.0 0.1 233 2 5 2 1 
23. 219,224 0.9 0.8 0.1 - - - 0 0 
24. 209,205 0.8 l.l 0.3 205 6.5 3.5 5 3 
25. 219,238 0.9 0.9 0.0 - - - 0 0 
26. 225,239 0.9 1.2 0.3 - - - 0 0 
27. 208,224 0.8 0.8 0.0 - - - 0 0 
28. 209,233 0.8 1.0 0.2 209* 6.5 16 2 4 
29.219,212 0.9 1.6 0.7 212 16 5.5 2 2 
30. 208,221 0.8 1.1 0.3 - - - 0 0 
31.209,228 0.8 1.0 0.2 - - - 0 0 
32. 219,235 0.9 0.8 0.1 235 24 5 5 5 
33. 208,205 0.8 1.1 0.3 - - - 0 0 
34. 232,249 1.3 0.4 0.9 - - - 0 0 
35. 208,248 0.8 0.5 0.3 208* 12 8 1 1 
36. 219,246 0.9 0.6 0.3 246 5 17 2 1 
37. 209,243 0.8 1.0 0.2 209* 27 5 2 1 



PAIR WTS. DEF. WIN DUR. 1ST INT. EVENTS 
id # mg. mg. id# min. min. rating U 

rr 

38. 232,242 1.3 1.4 0.1 232* 28 4 2 1 
39.219,245 0.9 0.3 0.6 219* 14 4.5 2 2 
40. 304,301 0.4 0.4 0.0 304* 18 8 2 12 

Table 4.3 Resident male pairs. Shows weights, difference in weight, which spider won, 
duration, time to the first encounter, intensity rating, and the number of events for each 
30 minute trial. 
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AGONISTIC BEHAVIORAL STUDIES 
NON-RESIDENT FEMALE PAIRS 

PAIR WTS. DBF. WIN DUR- 1ST INT. EVENTS 
id# mg. mg- id# min. min- rating # 
1.012,020 2.2 3.9 1.7 012 11.5 4 5 5 
2. 035,019 2.6 2.4 0.2 035^ 12 1 5 2 
3. 036,035 3.9 2-6 1.3 036« 28 5 2 2 
4. 021,035 1.7 2.6 0-9 035* 14 10 2 2 
5.019,022 2.4 1.3 l.l 019» 11 3 5 8 
6.210,030 1.6 1.8 0.2 030* J 15 2 2 
7. 247,229 2.4 3.6 1.2 247 13.5 1-5 5 5 
8.313,329 1.9 2.1 0.3 313 3.5 13.5 2 1 
9.318,338 1.7 1-8 0.1 33S* 29 1 5 19 
10. 309,334 2.4 1.4 1.0 309* 19 4.25 2 9 
11.318, 329 1-7 2.1 0.4 329* 19 8.5 5 6 
12. 337,343 2.3 3.0 0.7 343* 5 17 2 2 
13. 306, 338 1.7 1-8 0.1 33S* 20.5 1 5 10 
14. 376, 380 2.0 3.0 1.0 3S0* 14.25 5 2 6 
15. 374,379 2.6 2-0 0.6 374* 5.5 2 J 6 
16. 365, 363 2.2 2.3 0.1 363* 4 11-5 5 2 
17. 365,374 2.2 2-6 0.4 374» 10.5 4.25 5 5 
18. 363,380 2.3 3.0 0.7 380* 0.5 1 2 1 
19. 379,306 2.0 1.7 0.3 379* 15 8 5 5 
20.313,334 1.9 1.4 0.5 313* 29+ 1 6 1 
21.338,376 1-8 2.0 0.2 338 11 14 3 4 

Table 4.4. Non resident female pairs. Shows weights, difference in weight, which spider 
won, duration, time to the first encounter, intensity rating, and the number of events for 
each 30 minute trial. 
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AGONISTIC BEHAVIORAL STUDIES 
RESIDENT FEMALE PAIRS 

PAIR WTS. DEF. WIN DUR. 1ST INT. EVENTS 
id# mg. mg. id.# min. min. rating # 
1.021,035 1.7 2.6 0.9 035 20 3 2 5 
2. 021,044 1.7 3.9 2.2 021* 26 2 5 2 
3. 044,043 3.9 2.8 l.l 044* 2L5 0.5 4 10 
4. 021,019 1.7 2.4 0.7 019 15.5 15 2 4 
5. 044,035 3.9 2.6 1.3 044* 6 9 2 2 
6. 021,043 1.7 2.8 1.1 043 21.5 8 2 1 
7. 035,019 2.6 2.4 0.2 019 22 4 5 J 

8. 035,043 2.6 2-8 0.4 035* 16 6 5 7 
9. 021,023 1.7 1.7 0.0 021» 5.5 6 2 I 
10. 309,313 2.4 1.9 0.5 309* 1.5 23 2 1 
11.306,318 1.7 3.5 1.8 306* 14 1 5 7 
12. 309,333 2.4 3.6 1.2 306* 27+ 3 6 9 
13. 306, 330 1.7 3.1 1.4 306* 14.5 3 1 2 
14. 306,334 1.7 1.4 0.3 306* 16.5 0.5 5 5 
15. 306,329 1.7 2.1 0.4 329 3 2.5 2 1 
16. 330,337 3.1 3.2 0.1 330* 4 4 5 1 
17. 306,338 1.7 1.8 0.1 306* 7.5 4 2 5 
18. 330,313 3.1 1.9 1.2 330* 16 0.5 3 6 
19. 306,337 1.7 2.3 0.6 306* 12 5 2 1 
20. 330,318 3.1 1.4 1.4 318 27.5 0.5 5 3 
21.306,309 1.7 2.4 0.7 309 30+ 0.5 5 4 
22. 330,343 3.1 3.0 0.1 330* 11.5 2 5 1 
23. 330, 354 3.1 3.5 0.4 330* 3.5 14.5 5 2 
24. 330,329 3.1 2.1 1.0 330* 29 1 2 4 
25.318, 353 1.7 2.1 0.4 353 3.5 0.5 5 5 
26. 330,334 3.1 1.7 1.4 330* 10.25 7 5 5 
27.318,374 1.7 2.6 0.9 374 1 7 3 1 
28. 343,379 3.0 2.0 1.0 343* 3.5 20 2 2 
29. 353,376 2.1 1.8 0.3 353* 19 1 5 4 
30.318,338 1.7 1.8 0.1 338 10 3 3 4 
31.343, 376 3.0 1.8 1.2 343* 8.25 0.25 5 5 
32.353,274 2.1 2.6 0.5 353* 5 6 2 2 
33.343, 365 3.0 2.2 0.8 343* 22 4 5 8 
34. 353, 365 2.1 2.3 0.2 353* 13 8 4 5 

Table 4.5. Resident female pairs. Shows weights, difference in weight, which spider won, 
duration, time to the first encounter, intensity rating, and the number of events for each 
30 minute trial. 
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CHAPTERS: 

COURTSHIP AND MATING 

INTRODUCTION 

Males spend considerable time pursuing and courting females. Figure 3. la on p. 

X shows that males spent 29% of their time courting and pursuing females in the field. A 

female was never observed to accept a courting male in the field, however. It is not 

known if males guard penultimate females until they finally molt and therefore are 

mature and ready to mate as shown in crab spiders. In Salticid spiders, males that 

encounter immature females in their nest may actually build a nest right next to hers and 

wait there until she molts (Jackson, 1992). The courtship strategy is different in this 

situation since it is acoustical, males plucking on the web fibers of the nest, rather than 

visual, as when males encounter mature females in the open. (Jackson, 1992). 

Egg laying by females and subsequent hatching of the eggs is an indication of a 

successful mating. Females in the lab can lay several egg sacs from a single mating and 

probably do so in the wild too. 

METHODS 

In the lab, females were paired up with at least two different males, one at a time. 

Males were placed in the arena first Females may quickly establish the arena as a 

territory to defend and will be more aggressive if they are added first Residency was a 

factor in female-female encounters in agonistic encounters, see Figure 4.4a-4.4e. Some 

of the females caught in the wild laid egg sacs in the lab. The females were used after the 

spiderlings had emerged. It was hoped that if a clutch of eggs bad already been 

successfully hatched that the females may be ready to mate agaiiL Also, penultimate 

females were fed and watched for their final molt to a maturity before being paired with 

a male. All pairings were video taped. 
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RESULTS AND DISCUSSION 

Twelve mature females, some of which had previously laid egg saces in the lab. 

were put together with males that readily courted thenL None of the females accepted a 

courting male. 

Two penultimate females that had molted in the lab and thus became mature 

virgin females were paired with a male. Both females accepted him. One of the females 

mated three times, twice the first day and once the next day, March 14 and 15, 1995. The 

other female mated with a male once on July 11, 1995 and would no longer accept him 

or another male for mating. 

Based on the fourteen total observations, courting males start the display with the 

male holding out his first front legs at 180 degrees horizontally in view of the female. If 

she is interested she remains still and watches. Indeed a male has been observed to tiy 

and mate with a dead female (Peggy Gerba,personal conversation, 1995). Achaearanea-

Jequirituba levi, a theridiid spider, shows a passive attitude as part of the sexual process 

(Gonzalez and Poncio, 1992) and female desert Tenebnom'd beetles are receptive when 

inactive (Ferguson, 1992). Waving by the female H. oregonensis is an agonistic reaction 

and indicates impending rejection. If she is waving and the male persists, which he often 

does, the female may pounce on the male and push him. There may even be a danger 

that she would kill and or eat him but that was not observed. It was made sure both males 

and females were fed before putting them together so that hunger would not be a factor. 

The male may vibrate his first legs slightly and move his palps up and down. The 

vibrating legs provides additional visual clues to the female. He may also occasionally 

tap the ground, slowly or rapidly. 

Next the male will zig-zag back and forth as he moves closer to the female. His 

front legs still outstretched. He will waggle his abdomen. His front legs will move up and 



92 

down. If the female turns or backs away the male will move in quickly to stay close. If 

she stays still he will walk up to her slowly. Based on the two observations with virgin 

females, he will walk over the top of the female, lift her on her side, and insert a palp for 

mating. The back 4th legs move around, kick out back and forth sometimes with the 

abdomen twitching also, either providing stability and or as a visual distraction to the 

female. When done, they quickly push apart and one or both may run away. The dance 

and actual mating takes 10-15 minutes. Possibly females mate once in a season since 

females caught in the wild always rejected a male in lab, but laid several viable egg sacs. 
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COURTSHIP DISPLAY 
AND MATING 

Female Male 

B. 

C. 

Figure 5.1 Courtship Display and Mating. A. Male Initially Poses. 
B. Male ziz-zags towards female. C. Male walks closer an&-
over female. D. Male positions female. E. Male inserts palp. 



94 

SUMMARY OF COURTSHIPS 

DATE FEMALE MALE(S) OUTCOME 

7-12-94 021 008 male rejected, pushed away 
021 017 female jumps away, no interest 
035 017,008 all males rejected 

8-1-94 019 014 , 009,040 all males rejected 
3-14-95 046 049 mated, female virgin, molted 1-22-95, on video 
7-11-95 210 212 mated, female virgin^ just molted, on video 
8-14-95 244 205,221,246 all males rejected 

247 205,242,246 all males rejected 
229 205,246 both males rejected 

6-26-96 330 320,327 both males rejected 
313 308,320 both males rejected 
329 308,320 both males rejected 
318 320,327 both males rejected 
306 327,331 both males rejected 
309 320,331 both males rejected 

TABLE 5.1 Shows pairings made in the laboratory. Most females rejected their suitors. 
Two virgin females in 1995 accepted and mated with the first male to court them. 
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EGG LAYING IN H. oregonemis 

SPIDER MATED EGGS LAID SPIDERLINGS NUMBER 
1ST NOTICED 

021 unknown small sac 7-18-94 8-1-94 8 
new sac 7-29-94 8-14-94 14 

036 unknown 7-14-94 8-1-96 21 
229 unknown 7-18-95 8-1-95 16 
244 unknown 7-18-95 8-1-95 14 
247 unknown 7-18-95 8-1-95 19 
255 unknown 7-14-95 7 7 
257 unknown 8-21-95 7 7 
306 unknown 6-19-96 7-10-96 15 
309 unknown 7-10-96 8-5-96 11 

8-9-96 8-29-96 7 
318 unknown 6-24-96 7-29-96 10 
330 unknown 8-7-96 9-5-96 13 
334 unknown 7-10-96 8-5-96 18 
337 unknown 7-10-96 8-5-96 13 
353 unknown found w/sac 7-18 8-14-96 18 

TABLE 5.2 Summarizes egg sacs observed in the laboratory. These are from female 
spiders collected in the wild. It is not known when they mated. The number of spiderlings 
hatched were counted for each clutch. 
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CHAPTER 6: 

BIOLOGICAL LABORATORY CURRICULA FOR 

THE SECONDARY SCIENCE CLASSROOM 

LESSON PLANS BASED ON UNIVERSITY RESEARCH 

INTRODUCTION AND RATIONAL 

Students engaged in meaningful real life research questions that they themselves 

have asked find their own work more motivating and rewarding. They feel a sense of 

importance, increased self esteem, control over v^t they do and leam, and 

accomplishment through structured discovery based learning. The teacher is a facilitator, 

structuring and guiding learning based on the students' interest within the classroom 

setting. Inquiry or discovery learning naturally accommodates individual learning styles 

and muliple intelligences, past experiences (Constructivism), and current interests of the 

students. 

When teachers teach from their own interests and strengths the students see them 

as active learners too who are very motived and interested in scientific discovery. The 

students leam that teachers don't know everything but they know how to find out or can 

at least point the way. Probably the most important question a student can ask a teacher is 

"how do you know that?" In my course work at University of Arizona I have focused my 

studies on spiders, an organisms that fascinates me and keeps my interest 

Despite the important role of spiders as common generalist predators of even 

more disliked insects, spiders are maligned by many (so are snakes and other creepy 
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crawlies) but I think that once students get to work with them they will like them more or 

at least appreciate their role within the ecosystem for many reasons. There are only a few 

dangerous spiders and they seem to have given the whole group a bad name. However, up 

close, those such as the jumping spiders with their two large central eyes have a certain 

cuteness appeal. Spiders are versatile, diverse, and they do interesting things. There are 

many possibilities for their use in the classroom. 

LESSON OUTLINE 

1. Students bring in spiders they catch, set up a habitat for the spider, and bring food 

(prey) items. Students make observations, record prey accepted/rejected, and numbers of 

prey eaten. Students will probably bring in a variety of different species and therefore 

have a chance to see diversity. Students will learn about classification and can use and/or 

write a key. 

2. Each student team will design an experiment to conduct using their spider(s). 

3. Student teams will conduct a survey of spiders in a designated area on campus. Spiders 

will be marked for recapture later. Students will determine numbers and density. They 

could be asked to do this at home too. Based on studies in the classroom and calculations 

of spider numbers and prey eaten, students can calculate the impact of spiders on prey in 

the field (school yard). 

4. An insect, or "bug" collection including arachnids, could fit into this unit because 

spiders prey upon insects and it is usefiil to know which ones they eat. This activity has 

not been included in this thesis. Also, many of the activities used to investigate spiders 

and their behavior can be modified to investigate insects. 

5. Interactions between two species such as spiders and ants could be investigated by 

students. Most spiders avoid them but some spiders such as crab spiders eat them. 
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6. Courtship behaviors can be studied if students collect males and females of the same 

species. If matings are successful, egg sacs can be analyzed; how many eggs laid, number 

of clutches from each mating, how many hatched, how many spiderlings survived, etc.. 

can all be looked at 

7. Students can investigate any number of interesting questions about spiders as 

predators. Students may want to find out which species of spider is the top predator. 

Spiders prey upon each other as well as insects. They dent eat just any insect, however, 

and prey choice could be interesting to study. Students find interactions with other 

spiders (same species, different species, same sex, and opposite sex) very interesting. 

NOTES TO TEACHERS 

Teachers need to know something about the biology of spiders including how 

they are classified. They need to know about lifestyles of the major types of spiders. Also 

need general knowledge of insects and insect behavior. It is important that teachers not 

be afraid of spiders because of misunderstandings they may have about them. Collecting 

spiders and keeping them as pets as the teacher learns about spiders and gets ready for 

the lesson may be helpful as well as enjoyable and informative. I keep various different 

pets in the classroom for students to observe. I will keep spiders in jars on my desk. 

Students are curious about them and like to look at them and ask questions. Substitute 

teachers don't always like them though and the spiders may keep them out of your stuff. 

INSTRUCTIONS FOR THE TEACHER: 

1. Find out what students already know about spiders. Make a list on the board. Things 

they might say; spiders have 8 legs, many eyes, poisonous, dangerous, black widows are 

dangerous, there are big wolf spiders and tarantulas, make webs, and eat bugs. Ask 
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students to write at least one question (encourage more) concerning spiders. Collect and 

read through some of the questions. (No answers are offered by the teacher and the 

teacher saves the questions Avritten down on butcher paper or other permanent record to 

be referred to later by students for ideas for their experiments. Add to this list as 

questions and new ideas arise in class). 

2. Getting comfortable. Be comfortable and relaxed in the presence of spiders. Model 

appropriate handling of spiders and respect for living organisms. Spiders really arent as 

dangerous as most people believe. Most are reluctant to bite-why waste good venom on 

something too big to eat?! Still care and caution should be taken because of possible 

allergic reactions to a spider's bite and venom. However, spend some time to build 

student confidence. Let the students enjoy a tarantula pet Hold it to show off during 

class. If students want to hold the tarantula have them come in during limch or after 

school when there is not so much excitement Jumping spiders are easy to handle, do not 

readily bite, and can be held in front of students to show off. Show pictures or sh'des. 

Have fun! 

3. Collecting Spiders. Students will be assigned to bring in at least one live spider in 

some kind of container, preferably a clear container to easily observe the spider. 

a. Spiders can do very well in a very small vial but larger containers such as an 

empty mayonaise jar or clear plastic jar that can't break provide more space for the spider 

to go about its business—an important consideration for behavioral studies. Examples of 

suitable containers should be shown to the class. 

b. Caution. Two spiders in North America including Arizona are dangerous: the 

brown recluse and the black widow. The brown recluse has a violin marking on its back, 

and hides. The black widow adult female is large and usually black but others Quveniles) 

may be small and brownish and may have red or yellow markings on the dorsal side of 
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the abdomen. Males are small and light colored. Ail have a red or yellow hour glass on 

the under (ventral) side. These spiders should not be handled directly. Sometimes the 

boys will think that captured black widow spiders is "macho" and will bring those in. 

Also may students don't recognize juvenile black widow spiders. 

Other spiders are not so dangerous, are reluctant to bite, and may be handled. 

However, they could be dangerous to allergic individuals. Their bite is no worse than a 

bee sting or mosquito bite. Still, care should be taken. Use a twig or piece of paper (see 

instructions for making a spider rake) to transfer the spider to the container or capture the 

spider directly in the container if possible. If a jar is brought down over a spider a piece 

of paper can be slid between the jar opening and the substrate so that the jar can be 

turned upright and then capped without loosing the spider. It is convenient to have a 

small hole (approximately 1/4" diameter) made in the container to add prey items. The 

hole can be corked or fitted with sponge to prevent contents from escaping. 

c. Where to look: on the sidewalk, in trees, on rocks, on the wall around the porch 

light, in the house, on flowers, in bushes, etc. Try taking a tree branch and pulling to 

down hard shaking it on a white piece of paper supported by your binder to see what falls 

out of it 

d. Also look for a capture insects to feed the spider. Flies can be provided in the 

classroom, (fruit flies and house flies reared in the classroom or left over from genetics 

experiments). Show students how to use pooters. Provide materials for students to make 

their own. Two sizes of plastic tubing that fit together and old nylon stockings are the 

materials needed. 

e. Have students record where they found the spider, describe the area, indicate if 

it was in a web, on the ground, in a tree, etc. Write the date it was collected. Write 
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collected by and the students name. This information should be a small piece of paper 

that stays in the container with the spider. 

f Spiders due in one week. 

4. Slide show and talk on Spider studies. Teacher produced. 

5. Video tape of spider behavior. Teacher produced. 

6. Commercially available video tapes and spiders. 

7. Working with the spiders. 

a. Students observe and record behavior for 15 min. Make a sketch of the spider. 

If possible, look at it under the microscope or with a hand lenses. Label. Is the spider 

male or female? See if students can tell, if not show them what to look for. Look at 

Golden Guide or How to Know the Spiders books to see if you can find out what kind it 

is. Keep a record of prey given, eaten, and not eaten. Keep a spider unit journal. 

b. Observation #2. Record behavior for 15 min. Students think of as many 

questions about their spider as possible. Surv^ the other spiders brought in (group 

sharing-each group gets a chance to show their spiders and say a few words about them). 

c. Are some spiders more active than others? Pool class data firom the two 

observations. Write the information on the board and let students make a chart or 

illustration showing type of spider (weaver, wanderer, jumper) versus activity (sitting, 

walking, jumping, making a web, in a nest, etc.). Is there a pattern? Make sure that 

students see and report that web weavers tend to sit and wait for prey to fall into the web 

before they come to action. Their prey is usually wrapped and can be eaten right away or 

later. Wandering and jumping spiders are more active. They move around and actively 

stalk their prey. 

d. Lab Activity on observations and writing descriptions. 
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e. Classification and grouping could be introduced or expanded on here. Also how 

living things are named. 

f. E)esign an experiment Make a hypothesis and design a procedure to answer one 

of the questions raised during class. Things students might want to investigate include; 

prey choice, canmbalism, eating other spiders-who wins, courtship, agonistic 

interactions, response to ants, flower choice in crab spiders, nest site choice, can web 

spiders find their retreats when you rotate their web?, or something else the student can 

think of Refer back to the students questions which were written down on butcher paper. 

Be sure students include hypothesis, materials, procedure, identify the control if 

appropriate, and indicate what data will be collected. Students will be given four 

different times over the next two weeks to follow your procedure. A final lab report and 

presentation to the class is due at the completion of the experiment Students continue to 

record what the spiders are eating. 

g. Class experiment Do spiders significantly reduce prey population numbers? 

Students write a hypothesis. How do you determine how much prey they eat? How do 

you determine how many spiders are in an area eating all those prey items? What 

implications does this have? Do spiders benefit farmers, gardeners, and humans by 

keeping insect (pest) numbers down? 

h. Mark and Recapture Study. One day needed to mark. One day needed to 

recapture. See student materials. A suitable study site is needed. Fortunately spiders are 

common and almost everywhere. A study site could be a hall way with lockers, a wall, a 

landscaped area on campus, etc. Do check ahead of time to see how many spiders can be 

quickly found. Decide of all classes will use the same site or if different sites will be used 

with each class. Also check ahead of time if pesticides are used and therefore few or no 

spiders may be found. 
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i. Pool class data for each class. Use this to calculate prey numbers eaten for each 

study site. For feeding rate use the data students have been collecting with their spiders in 

class or use the generally accepted one insect per spider per day a s sited from the reading 

reference materials for the teacher. Later combine data from all classes for a grand total. 

j. Home study. Survey an area at home to determine the number of spiders there. 

Using our calculation of prey intake from class, determine the number of prey eaten. See 

student handout Optional. 

k. Mark and Recapture Game. To further explore what happens when 

assumptions are violated. Optional. Could get long and tedious. The assumptions could 

be brought out in discussion-lecture format instead and perhaps offer the game to 

students who have finished other things ahead of the others. See references for game. 

1. Discussion of behaviors seen in spiders and their prey. How have spiders 

adapted to catch prey better? How have prey adapted to avoid being caught and eaten? 

7. Term introduction. E)ensity independent, densi^ dependent factors, mark and 

recapture stu(fy, ecology, habitat, niche, food web, behavior, predator prey relationships, 

energy transfer, trophic levels, biological control of pests, evolution, coeveolution, 

mimicry, evolutionary arms race. 

a. Textbook references; Global Science by John W. Christensen. Ch. 2, p. 97-107. 

This is not a recommended text It is the text used at Amphitheater High School for the 

freshmen science classes. Look up appropriate references in the textbook your school 

uses. 

b. video; Survival Special; Amazing World of Spiders. 

c. Read about Predator-prey relationships. 
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8. Concept Application. ML Graham red squirrels are endangered. How do you know 

how many there are? Bird handing is used for censuring and other studies. Any ;animal 

that is mobile and active could be the subject of a mark and recapture study. 

People at the grocery store, even if there is more food people only buy a certain 

amount because they can only eat so much. This is an example of a density independent. 

factor. Food supplies are reduced only be a certain amount each week unless there is 

anincrease in the local grocery shopping community (births, new people moving in). 

Wasps that hunt for white flies to lay their eggs in the them—if there are more 

liesmore eggs can be laid killing more lies-density dependent Wasps, like flies, have a 

shortlife cycle and can respond to an abundant food supply through increased 

reproductionand survival to quickly take in larger percentages of the fly food supply. 

SPIDERS DSr THE CLASSROOM 

Spiders are generalist predators that can serve as models for inquiry basedexperiments in 

the science classroom. They are abundant, diverse, and fascinatingcreatures. 

I. Types of Spiders: 

• Web weavers build webs to catch prey. They sit and wait for prey to come to 

them. Examples: black widow and garden spider. 

• Wandering spiders actively pursue their prey. They capture prey through 

stealthand ambush. Examples: wolf spiders, tarantulas, trap door spiders, and crab 

spiders. 

• Jumping spiders actively pursue prey and pounce on them to capture their 

meal.Examples: Habronattus oregonensis, Phidippus, and Thiodina. These are also 

the cutest spiders! 
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2. Most spiders are safe to work with. Many can be bandied. They are not aggressiveand 

will bite only when they feel threatened. Spiders do not like to waste their venomon 

things too large to eat such as humans. Dangerous spiders in Arizona are the blackwidow 

and the brown recluse. 

3. Focus of Inquiry for student investigations include: 

• Feeding including how much, how often, and what spiders will accept to eat. 

• Spider-spider interactions. 

• Court ship and mating. 

• Egg laying. 

• Insect control. 

• Web building. 

• Population studies and mark and recapture survey. 

4. Concepts spiders can be used to illuminate are endless. One question leads toanother 

and so on. Connections can be made covering a vast array of concepts from predator-prey 

interactions, to ecosystems, to evolution, to classification anddiversification. Take a look 

at the concepts listed further down. 

MAJOR CONCEPTS AND OBJECTIVES FOR STUDENTS 

Students will be able: 

1. define the predator-pr^ relationship. 

2. identify links in the food chain/web and distingw'sh between producer, 

consumer(primaiy, secondary), and decomposers. 

3. give examples of how predators and prey put selective pressures on each 

othercontributing to coevolution in an arms race of which can catch and which can 

avoidbeing caught better. 
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4. discuss regulation of numbers of prey and predators. 

5. descnbe ways in which all organisms interact with the environment and with 

otherorganisms (abiotic and biotic factors). 

6. descnbe ways in which one orgam'sm affects others, directly or indirectly. 

7. group organisms by how they obtain their food (energy)~for example sit and 

wait,ambush, stalk, etc. 

8. explain how the scientific process and experimentation is used to answer questions. 

9. identify plants as the base of all food chains/webs. 

10. outline the steps used in a mark and recapture study to determine populationnumbers. 

11. identify the assumptions behind a mark and recapture study and identify 

appropriatesituations this would be used for. 

12. apply concepts to new situations. 

EQUIPMENT AND SUPPLIES 

1. Containers for spiders. Supplied by students. 

2. £)rosophila fly cultures. Obtained firom University of Arizona BSW room 113. 

3. House fly cultures. See Rearing House Flies (Barrass) in references for starting 

andmaintaining cultures. 

4. Slides and video tapes of spider studies made by Debora Scheidemantel. 

5. Pooters, homemade from plastic tubing and old nylons. 

6. Study site located on or off campus. 

7. Field measuring tape, metric. 

8. Acrylic paint, fine tip paint brushes or other applicator. 

9. Dissecting microscopes, hand lenses. 

10. Spider identification keys. 
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STUDENT MATERIALS 

OBSERVING SPIDERS 

1. Introduction. 

What organisms look like, how they behave, and how they interrelate, can 

be investigated in many ways. Observation is usually the first step. In this 

activity you will make careful observations and records, then report and 

verify those observations, and ask questions based on your observations. 

n. First Observation. 

1. Add a prey item to your spider's habitat Observe your spider and record its behavior 

on a separate piece of paper for 15 minutes. Write down everything you see it do. 

2. Look at your spider under the dissecting microscope. Make a sketch large 

enough to fill most of a page. Label all the parts you can. 

3. Is you spider male or female? How can you tell? Indicate this on your sketch. 

4. Look at the Golden Guide or How to Know the Spiders book to see if you can 

find out what kind it is. Write this down at the top of your sketch. 

HI. Second Observation. 

1. Add a prey item to your spider's habitat Observe and record your spider's behavior for 

15 minutes. 

2. Think of as many questions as you can about your spider based on what you have seen. 

Write them down. 

3. Be prepared to show your spider to the others in the class and say a few words about 

what it looks like and what it does. 

4. Write one word that best descnbes what you have seen your spider do. Write this word 
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on the board. What other words are written on the board? Is there a pattern? Are some 

spiders more active than others? 

5. Can spiders be categorized based on their behavior? Explain. 

IV. Making Accurate Descriptions. 

Adapted from BSCS Investigation 1.1 The Powers of Observation. 

1. Work together, your lab table is a team. Observe your spiders together and 

discuss similarities and differences you see in them. If appropriate take 

measurements. 

2. Choose one of the spiders and describe it Have one person write down the 

description. Do not include any information about the container, just the spider. 

On a separate piece of paper write down the lab station number and which 

spider was described. 

3. When your teacher signals, place the description and spiders in the nuddle of the 

table. 

4. When your teacher tells you, rotate to the next table. Read the description and 

decide as a team which spider it refers to. 

5. Prepare a chart with the headings; lab station number and spider fitting description. 

6. Continue to rotate when your teacher tells you until you return to the starting point. 

7. Your teacher will write the correct answers on the board. Check your table against 

this list If your conclusions do not agree with the list, recheck the group of specimens 

and observations. Did you miss anything? Was the description complete? 

V. Discussion. 

1. Which was easier, writing a clear description or selecting the specimen another 



109 

team had described (steps 4-6)? Why? 

2. For each description, what information could be added to make it clearer? 

3. For each description, what information could be removed and still leave the 

description clear? 

4. In what ways did reporting and verifying observations in this investigation increase 

your knowledge of spiders? 
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SPECIAL SPIDER TOOLS 

1. SPIDER RAKE 

USES; getting spiders out of vials, encouraging spiders to go where you want them to go, 

and scooping up spiders to transfer them to other areas. 

MATERIALS: masking tape, cardboard, or other stiff but flexible matenal. 

INSTRUCTIONS: 

1. Using masking tape, cut of approximately a 4 inch long section. Fold over on the sticky 

side along the length of the tape a thin (approx. 1/8") row. Fold again and again until you 

have a piece 4" by 1/8". Bend the tip, approx. 1/8", at a right angle. You now have a 

spider rake! 

2. Using thin cardboard cut a piece approximately 4" by 1/8". Fold over approx. 1/8" at 

the tip at a right angle. 

n. FOOTERS 

USES: transferring flies and other insects to spider habitats, catching small insects 

outside, and impressing your friends by manually vacuuming up bugs! 

MATERIALS: plastic tubing of two sizes so that one snugly fits inside the other, 

old nylons. 

INSTRUCTIONS: 

1. Cut approx. 3" of the larger diameter tubing. 

2. Cut approx. 6" of the smaller diameter tubing. 

3. Cut approx. one square inch of the nylon material. 

4. Fit the smaller tubing into the larger tubing with the nylon material in 

between them. 
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L Introduction; 

You have set up a habitat for your spider and made some initial 

observations. The observations lead to questions which in turn 

provide the basis for experimentation to answer questions 

and find out new information. This is what a scientist does. 

U. Guidelines for developing your experiment 

1. Work with your lab parmer. On a separate piece of paper write down your 

name and your partner's name. 

2. Think of a new question or choose from the list of class questions and ideas 

something you would like to answer or a topic you would like to learn more 

about by doing an experiment with your spider. Discuss with your partner how 

you might go about answering the question. Write down your question. 

3. Write a hypothesis based on your question and previous observations. 

4. Develop and write a procedure to test your hypothesis. You will be given four 

time periods of about 30 minutes each to work on your experiment in class. 

Describe what you plan to do each of those times. Will you need extra time outside 

of class (lunch time or after school?) 

5. List the materials needed and where you will get them. 

6. What data will you collect? 

7. Turn in your plan to the teacher. Make sure you have completed items 1-6. 
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HI. The experiment. 

Follow your procedure and collect data. Record your raw data on a separate piece of 

paper. 

IV. Data. 

How will you present your data? Make at least two; chart, table, drawing, or graph. Pick 

the two that best show your data. Draw each one large enough to fill a separate page. 

V. Results and Conclusions; 

Discuss what the data are telling you, describe patterns, explain what you did and why, 

talk about what went well and what didn't, and discuss what you would do next time. 

What conclusions can you make about the information you gathered? What did you 

leara? Write 2-3 paragraphs of 5-7 sentences each. 

VI. Present to the Class. 

You and your partner will present your experiment and findings to the class for peer 

review and evaluation. Together with your partner make a poster illustrating your 

experiment and the data you have collected. Use the poster in your presentation. 

vn. What you need to turn in; 

Data Record sheet, two representations of your data, your written results and conclusions, 

and your poster. 

Vin. Write an abstract 

An abstract is a one paragraph summary of the experiment and what was learned. You 
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and your partner will match up with another team. Your task is to write an abstract for 

their experiment, and they will write one for yours. 
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DO SPIDERS LIMIT PREY POPULATION NUMBERS? 

CLASS EXPERIMENT 

1. Introduction: 

Spiders prey upon insects. Can they keep insect numbers down? 

What do we need to know in order to answer this question? A 

Mark and recapture study is one method scientists use to estimate 

the numbers in a population when it is impossible to find and 

count all individuals. They may be hard to find for various reasons. 

What are the reasons they may be hard to find? 

H. Materials: 

Field measuring tape acrylic paint 

vials or cup paint applicator 

paper pencil 

in. Procedure: 

1. Each class will be assigned to look at a specific area on campus. 

2. One team will be in charge of measuring the area, L X W, describing the habitat, 

and creating a map. 

3. The other teams will be assigned to a plot within the study site. Within that plot 

students will look for and mark with a dot of paint every spider they can find. Keep count 

of how many spiders were marked. Each team will have their own color for their plot 

4. Meet with the measurement team to have your plot area outlined on the map. 
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5. Return to the classroom and write information (how many spiders were 

marked in each plot) on the board. The measurement team will write this down 

on a separate piece of paper and turn this in with the map. 

6. 3-4 days later we will retum to the study site. Teams will work in the same 

plot as before. Find and count all spiders. Note how many were marked and with 

what color and note how many were unmarked. The measurement team will 

continue to add detail to the map of the study site. Report your data to the 

measurement team to be included on the map. 

IV. Data; 

1. In class information (spiders recaptured, marked spiders, unmarked spiders for 

each plot) is put on the board. Make a table to show the data. 

2. Calculate the number of spiders that live in the study site using the Lincoln Index: 

# of spiders 1st day times the # of spiders seen the second day divided by how many 

were marked on the second day. 

N = (nlXn2)/m 

3. Calculate how many insects are being eaten per week on the study site by 

spiders based on how many spiders are in the study area and feeding rates 

determined with our spiders in class. How many insects are eaten monthly, 

yearly? 

V. Results and Conclusions: 

1. Check locations on the map made by the measurement team. Did any of the 

marked spiders move to different plots during the study? What are some reasons 

spiders may move to new areas? Were any webs occupied by a new spiders? 
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2. Describe the distribution of spiders in the study area. What factors could 

account for this distribution? 

3. Are spiders limiting the numbers of insects in the study area? Do you think that spiders 

are a benefit to farmers, gardeners, and humans? Why or why not? 

4. Further discuss your results on the impact of spiders on insect populations. Explain 

how your data support your conclusions. 

5. What assumptions are being made in a mark and recapture study? 

VI. Abstract 

Write a one paragraph (5-7 sentences) abstract simmiarizing this experiment and the 

information gained by doing this experiment 
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SURVIVAL SPECIAL 

THE AMAZING WORLD OF SPIDERS 

VIDEO 

Directions; Watch the video and answer the questions or fill in the blanks as you do so. 

Items are in sequence with the video. 

1. John Cook estimated that if a spider ate one insect per day for a year then all the 

spiders in Great Britain eating one insect per day would add up to the weight of how 

many people? 

2. Was Miss Mufifet a real person? 

3. Where does the family name of Arachnid for spiders come from? 

4. Descnbe three different kinds of webs and how they are used to catch prey, include the 

name of the spider 

5. About how many spider species are there in the world? 

6. What does the African spider Stickadyphus do that makes it communal? 

7. What do the uninvited guests or commensals do? 

8. What does Thomesis the crab spider look like and how does it catch prey? 

9. What good do wasps do? 

10. Spiders are found at great heights, even feet up on Mt . 

11. What is the male jumping spider on the roof top of Oxford doing? 

12. What is the courting male wolf spider in danger of? 

13. Male spiders mate with their , placing them one at a time in the 

female opening. 

14. How long does a male tarantula live? 

15. What does the male tarantula do to get the female's attention and how does be keep 
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her from killing him? 

16. All spiders use silk to . Other uses such as prey capture may have 

evolved later. 

17. What does the female wolf spider do with her eggs and what do the spiderlings do 

when they hatch? 

18. What is the only way for a spider to grow bigger? 

19. Where is the only place on earth that no spiders are found? 

20. What does Dolomedes, Britain's largest spider, do to attract fish? 

21. How is Argvroneta aqitaticadb\& to stay under water? 

22. Europeans believed that if you were bitten by a tarantula you would suffer severe 

melancholy and the cure is to do what? 

23. Which two spiders in North America are dangerous? 

24. What is another name for the Pepsis wasp and what does it do to tarantulas and 

why? 

25. What does Dinopsis from Trinidad do to catch insects? 
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HOMEWORK ASSIGNMENT: 

Determine the impact of Spiders in or near your home. 

1. Choose a study site. It could be inside your house, on the wall at your porch light, a 

sections of sidewalk in front of a row of houses, an area in the front yard, backyard, 

park, or a friend's house. 

2. Make a drawing or map of the study site. 

3. Determine the number of spiders that live there using the mark and recapture 

method. Describe what you did and record your data. 

3. Calculate how many insects they are taking out of the population each week, 

month, and year. 

4. What conclusions can you make? Explain how your data support your conclusions. 
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UNIT TEST 

PREDATOR-PREY POPULATION STUDY 

DIRECTIONS: Record your answers in the appropriate space on your answer sheet. 

Write clearly. For multiple choice, write the letter choice only. 

MULTIPLE CHOICE 

1. What is the original source of all energy used by living organisms? 

a. plants c. photosynthesis 

b. chlorophyll d. the sun 

2. An ecosystem has two major components biotic and abiotic. The abiotic 

component includes all of the following EXCEPT 

a. an energy source c. decomposers 

b. minerals d. physical factors (temp., rain) 

3. Animals that eat plants are called 

a. producers c. secondary consumers 

b. primary consumers d. veggiesaurus 

4. Which of the following is a consumer-producer relationship? 

a. foxes eating rabbits 

b. rabbits eat young plant shoots 

c. plant shoots grow in soil 

d. leaves capture the sim's energy 
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5. Organisms that obtain food material and energy from the breakdown of animal 

wastes and the remains of dead organisms are called 

6. A predator is an organism that 

a. eats only plants. 

b. himts and kills other animals for its food. 

c. is not eaten by other animals. 

d. eats already dead things. 

7. When both parties of a predator-prey interaction are exerting selective pressures upon 

each other it is called 

a. an adaptation c. being aggressive 

b. regulation d. coevolution 

8. About how many spider species exist world wide? 

a. decomposers 

c. consimiers 

b. producers 

d. critters 

a. 100 c. 30,000 

b. 2500 d. 150,000 

9. Something that prevents or slows an organisms growth or productivity is 

called 

a. a limiting factor 

b. density dependent 
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c. regulation 

d. density independent 

10. Density independent mortality occurs when 

a. prey numbers are kept down but not regulated 

b. prey numbers are regulated 

c. prey numbers are kept constant 

d. a larger percent of prey is taken by predators as prey density increases. 

11. Something that causes one trait to be chosen over another in survival is called a(n) 

a. selector 

b. limiting factor 

c. selective pressure 

d. adaptation 

12. A mark and recapture study is done instead of just counting numbers because 

a. it's more complicated and therefore more scientific 

b. not all animals may seen during one observation period 

c. there might be too many and you might loose count 

d. you might count an animal more than once 

13. Let's say you marked 16 frogs with waterproof paint once day. Before you could 

come back one week later 8 painted frogs were eaten by hawks because they were 

easier to see. What will this do to your estimate of the population? 

a. estimate number will be too high 



b. estimate number will be too low 

c. estimate number wont be affected 

14. In order for a mark and recapture study to be accurate which of the following must be 

true? 

a. marked individuals mix at random with others in the populatioiL 

b. marked individuals like traps and are more easily captured next time. 

c. marked individuals molt or shed their skin. 

d. marked individuals leam to avoid getting trapped. 

SHORT ANSWER 

1. What is the relationship between an observation and a hypothesis? 

2. Explain how reproduction and death are part of the balance of nature. 

3. Why is it difficult to study an orgam'sm in isolation of its surroundings? 

4. Do spiders regulate insect numbers? ExplaiiL 

5. Draw a food web that includes plants, insects, spiders, birds, bacteria, and two other 

organisms of your choice. 

6. How do predators and prey direct the evolution of each other? Give an example. 

7. Explain how a mimic escapes a predator. Give an example. 

8. Explain how ctypsis is used by prey to escape predators. Give an example. 

Choose one and answer fiilly using complete sentences. 

I. A golf course at a local resort has a bunny problem. The bunnies burrow into the 

ground making large holes that golf balls roll into. Golfers are upset and want the bunnies 

removed. However, an animals rights group is opposed and say that the bunnies, which 
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are native to the area, belong there. You have been hired by the resort to do a bunny 

count. Explain how you would go about this and your reason for following the steps you 

have outlined. 

2. Deer mice cany the deadly hantavirus. Humans can get it by simply breathing urine & 

feces dust from disturbed nests. There have been some dear mice sightings in your 

neighborhood and you've been asked to do a study to determine how many dear mice live 

in the neighborhood. Dont worry too much about the hantavirus as you will be provided 

with protective gear. Describe how you will determine how many mice are in the area and 

explain your reasons for each step outlined. 
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ASSESSMENT OUTLINE 

Shows point values of each activity. 

PTS. ACTIVITY 

25 1. Collect spider, provide habitat, collection info. 

25 2. Observation #1 

18 3. Observation #2 

16 4. Making Accurate Descriptions activity 

73 5. Student Experiment 

15 6. Data of prey eaten by spiders 

42 7. Class Experiment-Mark and Recapture Study 

8. Text reading 

25 9. Video, watch & answer questions 

10. Reading assignment, the Predator-Prey Relationship 

24 11. Lab 32 The Kaibab Deer Story 

100 12. Test 

363 TOTAL FOR THE UNIT 
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ASSESSMENT 

COLLECTING SPIDER SPECIMENS 

Live spider in a jar 15 points. Label with location, naturalhabitat, date, and collector's 

name, placed in jar with spider 10 points . 

OBSERVATIONS 

L First Observation. 

1. Descriptions will vary. Some spiders may just sit there.Others are more active and may 

move about quite a bitS pts. 

2. Sketch should fill the page and show detail including correctnumber of legs, eyes, and 

body segments, hairs, andcoloratioiL The students should be able to label the 

head,abdomen, legs, eyes, palps, and maybe thoracic region,spinnerets, chelicera, fangs, 

lungs, and epigastric furrow.The students can be provided with a diagram later. 10 pts. 

3. Student states if the spider is male or female by theappearance of the palps, which are 

large and bulbous in males,small and slender in females. 5 pts. 

4. Students should be able to find what family their spiderbelongs to. S pts. 

n. Second Observation. 

1. Again descriptions will vary. 5 pts. 

2. Tough call. One really good question may be worth many notwell thought out 

questions. 1 pt for each question up to 5 pts. 

3. Show and talk about spider. Students should speak loudlyand clearly and say 3 or more 

things about their spider.S pts. 
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4. Looking for a word that is definitive about the spidersbehavior such as sits, wanders, 

jumps, etc. Is there apattem? Students should see that some spiders are more activethan 

others. 3 pts. 

5. Spiders can be categorized as web weavers, wanderers, jumpingspiders, ambush 

spiders, etc. which is related mostly toprey catching behavior. 2 pts. 

III. Making Accurate Oescriptions Activity. 

1. 8 pts. for completing the activity. 

2. 8 pts. for answering the questions (2 pts. each). Studentsshould understand how 

observations, recording, andverification refines their observation skills and that careful 

attention to detail and unique qualities aredefinitive. 

STUDENT EXPERIMENT 

1. Choosing a question and formulating a hypothesis. The questionhas to be one that is 

do-able in terms of an experiment,materials, and specimens available. The hypothesis 

shouldstate what they think will happen and why based on theirinitial observations and 

previous knowledge. For example,if I put two spiders together the bigger one will win 

becauseit has the weight advantage. 3 pts. 

2. Procedure can (and should) contain repetitions of a test,for example 4 different 

matches between two spiders ordifferent spiders. From a student behavioral stand 

point,the procedure needs to fill the time allotted. The procedureneeds to be detailed 

enough so that I know A l̂iat eveiyoneis doing. 15 pts. 

3. List of materials and who will obtain them. 3 pts. 

4. What data will be collected? Descriptions, who wins, preychosen, prey rejected, etc. 2 

pts. 



128 

5. Shows wise use of time-management by properly utilizing classtime, following 

procedures, making adjustments as necessary,and demonstrating proper lab safety and 

behavior during labtimes. Students loose privilege of being in the lab if thisi- not 

adhered to and will loose points because they cannot do the lab in the seating area to 

which they are directed. 

6. Raw Data and two representations. 15 pts. 

7. Results and Conclusions. 2-3 paragraphs. 15 pts. 

8. Presentation to the class. 10 pts. Poster. 10 pts. 

9. Abstract of one paragraph (5-7 sentences). 10 pts. 

PREY DATA 

Each student should keep a feeding log for their spider notingthe date, number of prey 

eaten, and what kind of prey (fruitfly, house fly, insect big or small, etc.) 15 pts. 

CLASS EXPERIMENT 

1. Participation in finding and marking spiders on the firstday or creating a map as part of 

the measurement team. lOpts. 

2. Participation on the second field day in finding and countingmarked and unmarked 

spiders. 10 pts. 

3. Table showing data. 5 pts. 

4. Calculation of the number of spiders in the study site. 4pts. 

5. Calculation of insects eaten weekly, monthly, and yearly.3 pts. 

6. Results and Conclusions. Questions 10 pts (2 pts each). 
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1. Some spiders may have moved to new areas. They move tolook for prey, avoid 

insect predators, avoid other spiders,obtain a better web site, take over another spider's 

web. 

2. Distributions can be even, random, or clumped. Most likelyit will be clumped. 

Students may say in patches or in groups.Factors that account for this include prey 

availability, suitableweb sites, shelter, leaf litter and hiding places, etc. 

3. Students should see that spiders limit numbers of insectsand that there are lots 

of spiders in small areas doing so.This benefits humans because it keeps crop pests and 

annoyinginsect numbers down. 

4. Students should conclude that spiders eat large numbersof prey and that there 

are many spiders doing so. 

5. Assimiptions include not all spiders present in the studysite are seen during the 

sample time period, even mixing ofmarked spiders in the population, easy and equal 

catch ability,marked spiders are not more easily preyed upon and taken outof the 

population, and marked spiders didnt molt 

7. Abstract. 10 pts. 

HOMEWORK ASSIGNMENT 

If given, 25 pts. 
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SURVIVAL SPECIAL 

THE AMAZING WORLD OF SPIDERS 

VIDEO ANSWERS 

1. 50 million 

2. Yes 

3. folklore tale of Arachne & the goddess Athena in which Arachne is turned into a 

spiderby the goddess Athena who wasjealous of her tapestry work. 

4. any three: the tnanglespider wraps its prey, Zygella keeps one foot on line of her orb to 

detect prey, Zygestria grabs bee whose stinger is pulled out in the web, purseweb spider 

poisons prey andpuUs it through its web,Theridium has web with sticky globules to catch 

ants. 

5. more than 30,000 species. 

6. catches prey with help ofother spiders. They share the prey. 

7. steal prey from other spiders webs. 

8. heather, ambushes prey 

9. eat caterpillars 

10. 23,000 feet, Mt Everestl 

11.courting a female by wavings legs 

12. being eaten by the female 

13. palps 

14. 2-3 years 

15. taps on her door, holdsher fangs open and back 

16. wrap eggs 

17. carry them, crawl on her back 
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18. molt 

19. frozen Antarctic 

20. ripple the water,fish thinks it's an insect to eat 

21. bubble of air ordiving bell 

22. party, dance, drink 

23. black widow and brown recluse 

24. tarantula hawk,hunts & stings, lays egg in spider 

25. make a net 
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ANSWER KEY FOR UNIT TEST 

MULTIPLE CHOICE 

1 .d  8 .C  

2. c 9. a 

3. b 10. a 

4.b 11. c 

5. a 12. b 

6. b 13.a 

7. d 14. a 

SHORT ANSWER 

1. A hypothesis is a statement that explains an observation. 

2. As new individuals are bom and added to the population old individuals die, 

decompose, and are recycled as nutrients for plants. Predators have to kill in order to eat 

and be healthy. Reproduction allows a species to continue inexistence. Death reduces 

numbers of living individuals and decomposition is necessary so that dead bodies don't 

stackup. 

3. An organism out of its natural surroundings may not behave as it normally would. The 

organism evolved and is best adapted to its natural surroundings and therefore the most 

can be learned about it when it is studied there. 

4. Spiders do not regulate insect numbers but do keep overall insect numbers down. 

Insect life cycles are on the order of weeks whereas spider life cycles are annual. Spider 

numbers can not respond fast enough to changes (increases)in insect populations to take 
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an increasing percent of their numbers. Spiders inflict density independent mortalitv* 

upon insect populations. 

5. Food web needs to show intercoimections of two or more chains. 

6. Predators and prey are intercoimected in an arms race between predators being better 

hunters and prey avoiding being eaten-One shapes the evolution of the other. For 
I 

example, a web spider may evolve a special courtship code to be plucked out by a suitor 

on the web. A predator spider may leam to mimic that code, fool the web occupant and 

eat her. Spiders responding to the code are taken out of the reproducing population so 

that ones left that recognize a slightly different code pass that on to their offspring and 

the codechanges. Students may provide other examples. The key thing to look for is that 

students describe how actions or traitsare reciprocally changed by interactions between 

predator and prey. 

7. A mimic escapes a predator by looking like something else the predator doesnt like. It 

may tastes bad or be toxic.An example is the Monarch and Viceroy butterflies. 

8. Crypsis is the ability of prey to blend into surroundingso that the predator can't find the 

prey, at least not so easily. An example is the homed lizard which blends into its sandy 

environment 

ESSAY 

Students will choose one essay question. Answers should includethe following points: 

1. A mark and recapture study would be appropriate because theanimals move around 

with in a certain area and may not be activeall at the same time. 

2. All the animals seen on the first day should be marked.Rabbits could be marked with 

an id tag clamped to their ears.Mice could be marked with an id cufif around a back leg 

similar to the id cufifs put on birds. 
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3. Four to seven days later the animals are caught agaiiL Markedand uimiarked animals 

are counted separately 

4. To determine the number of animals in the population multiply the number caught the 

first day by the total number caught thesecond time and then divide by how many were 

marked on the secondtime. 

5. The same amount of time and effort should be expended onthe first day and the second 

time. 

6. Animals should be easy to catch. They should neither be easier or harder to catch the 

second time compared to the first 

7. Animals marked on the first day should mix at random withthe rest of the population. 

8. Tagging the animals should not increase their chance of being caught by a predator or 

other sooner than normal mortality. 

9. Just looking and counting is not good enough because some am'mals may be hiding or 

difBcult to find. Also, individual animals may look alike and you need a way of keeping 

from counting them more than once. 

10. Animals should not be able to remove the tags. 

In addition to the above students should write in complete sentences using correct 

English grammar and punctuation. 
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SPIDER UNIT 

FIELD STUDY 

EVALUATION QUESTIONS FOR THE TEACHER. 

1. What is the lesson plan developed about? Description: This unit is primarily centered 

around two labs. In the Student Designed Experiment lab students capture and bring in 

spiders. They are encouraged to watch the spiders and think of questions. Then the 

students are challenged to write and perfonn their own experiments to answer at least 

one of their questions. This part of the unit is very open ended, requires critical thinking 

by the students, and meets each student at their own level. The second experiment, Do 

Spiders Limit Prey Population Numbers?, is more directive as to procedure but poses an 

interesting question to students. As part of the lab, students do a mark and recapture 

study of spiders on campus. The labs are supplemented with reference materials and 

followed up with The Predator Prey Relationship article for more in depth information, 

term introduction, and concept clarification. 

2. What are the Main Concepts and Objectives? Students will be able to: 

a. define the predator-prey relationship. 

b. identify links in the food chain/web and distinguish 

between producer, consumer (primary, secondary), and decomposers. 

c. give examples of how predators and prey put selective pressures on each other 

contributing to coevolution in an arms race of which can catch and which can be avoid 

being caught better. 

d. discuss regulation of numbers of prey and predators. 

e. describe ways in which all organisms interact with the environment and with other 
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organisms (abiotic and biotic factors). 

f describe how an event which affects one organism affects others, directly or indirectly. 

g. group organisms by how they obtain their food (energy)—for example sit and wait, 

ambush, stalk, etc. 

h. explain how the science process and experimentation is used to answer questions. 

i. identify plants as the base of all food chains/web 

j. outline the steps used in a mark and recapture study to determine population numbers, 

k. identify the assumptions behind a mark and recapture study and identify appropnate 

situations this would be used for. 

I. apply concepts to new situations. 

3. What are the strengths of the lesson? The strengths of the lesson are several. Students 

have to devise their own procedure to answer questions they have from im'tial 

observations of their spiders. I found that these 

students had never before considered observation to be a first step to experimentation. 

They had always been taught and followed the format of first you are given a question, 

given a procedure, and that sometime during the course of the experiment you make 

observations. They didnt know where the questions came from in the first place. This 

was unexpected by me but a very important an fine point for the students to discover and 

learn! The students work at their own level. Some experiments were more sophisticated 

than others reflecting the level of the students thought processes. Many of the 

experiments tested interesting but basic questions, some of which could be answered by 

book research, some not A very small number of students chose questions they already 

knew the answer to. 1 tried to discourage the latter but if they insisted then 1 let them, 

again believing that this is the level they are at Performing experiments for verification 



137 

is an acceptable scientific endeavor. 

Another strength is that the students are motivated and feel empowered because 

they have some choice about what they want to leam and how. Many students like this 

autonomy and independence It also puts more responsibility on them for their learning. 

4. What are the weaknesses of the lesson? The weaknesses of this unit are that some 

students are used to being told what to do. They like it because it is easier. They don't 

have to think as much. Th^r like having everything provided for them. They are not used 

to the responsibility and prefer to be passive. Some of these students ended up not 

participating in the labs because they didnt do their jobs and weren't prepared. However, 

from past experience, I feel that the students in this category would not have done well in 

a more directive lab either because they lack motivation in school in general. 

Related to this lack of motivation is behavioral control which is a little more 

difBcult to maintain in student directed labs. It is easier for me to tell students what they 

are supposed to be doing when everything is spelled out and provided for them. It is 

harder for them to come up with excuses for not following directions. 

Last of all, some students have trouble coming up with ideas. It is an art to try and 

give suggestions without giving away too much or doing too much of the thinking for 

them. 

5. What would I do differently in the future? Most of the unit went very well. The thing 

that I most would want to change is spending more time at the end going over the 

Predator Prey Relationship article in more detail. Td like to develop and add a slide show 

to give them more examples of the concepts in other organisms. Many of the students 

indicated to me that they would like to do more of their own experiments but get to 

choose what organism to study. This is something I may consider and develop for the 
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future. 

Also, the students were a little disinterested with the mark and recapture study 

and had some trouble with the analysis of the data afterward. 1 think 1 wanted them to get 

it so much that I didnt trust them enough to work on certain parts more on their own with 

their lab parmers. I think that next time I would let them do this and wait for them to ask 

questions and ask for help. I was jimiping in and directing them too quickly on this part 1 

think. 

6. Would you use the lesson again? Definitely yes. Explain why. Overall the students 

responded very positively to the unit In the student survey they overwhelmingly 

recommended the unit for freshmen next year. Also I believe the learning was very 

effective. Almost all of the students passed the test I didnt get as many students 

receiving As I might expect but I also got fewer students receiving Fs than usual. Many 

students even understood the subtle concept of limiting prey numbers verses regulating 

prey numbers—a concern £>r. Narro had at the begincing of the unit This unit requires the 

students to think about what they learn and how th^ learn it 

7. What were the leading questions you asked your students at the beginning of the 

lesson? Weeks before I started the actual unit I started collecting and keeping jars and 

vials of spiders on my desk. Students would stop by and ask me about my unusual pets. 

Mostly they wanted to know why I kept them but they also wanted to know things about 

theuL I would let the students pick up and look at the spiders and write down their 

questions. Later, as a class, I asked them what they already knew about spiders and we 

made a list on the board. I also asked the students N^t questions they had about the 

spiders and added new questions to a master list This turned out to be very helpful for 



139 

the students when they were devising their own experiments. I also asked them how you 

would go about answering some of the questions. 

8. What were some of the misconceptions students had at the beginning of the lesson? 

Some misconceptions that students had about spiders include the following; black 

widows are dangerous and very poisonous and therefore would be the dominant spider in 

spider-spider interactions, tarantulas are dangerous spiders, all spiders are dangerous and 

should be destroyed, spiders are not very numerous, and most students never thought 

about what kind of impact spiders have on their prey. Another misconception described 

above deals with the scientific process itself. Most students didn't realize that most 

experiments come about after an initial observation about something that aroused some 

questions in the observer. They thought the question was something already given or 

made up as a title for their experiments for which the answer is already known. 

9. Did the unit help the students to learn the main concepts? The unit did help the 

students to learn the main concepts. 101 students took the unit test, 10 received As, 13 

Bs, 16 Cs, 34 Ds, and 28 Fs. This breakdown is very typical of freshman science classes. 

This was the first major test these students had at the high school level. The class is 

heterogeneously grouped. The only alternative to the college prep Earth Science class for 

freshmen would be if the student is special ed and not able to be mainstreamed. Reading 

levels this year range from the 4th grade and up. They are also going through the 

adjustment from the middle school to high school 

to be a big adjustment for them. 

10. Did the lesson help develop student thinking skills? The lesson helped develop 
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student thinking skills. Almost every lab team was able to devise some kind of 

experiment When asked what th^ would do differently next time most of the students 

devised more complex experiments and asked new questions. Many of the students 

wanted to do this with them choosing the organisms to be studied. The students were able 

to think of logical ways to test a question. They collected information and could present 

it in more than one form (charts and graphs), they could analyzes and synthesize the 

information they collected, and many of them could extend what they learned to new 

situations or at least ask similar questions of different organisms. 

11. What student questions were generated? Students asked a variety of questions 

ranging different levels of thinking. Since heterogeneous group this is to be expected. 

Skill levels span a range from 4th grade reading level on up. Overall, the skill level of the 

students this year is much higher than last year and higher than the past four years past in 

general. Students asked the following different questions: How can I mark flies to keep 

track of individuals? Will my spider eat a wad of gum? Will a spider eat something dead 

if it is dangled on a string? E)oes the type of string matter? Is fishing line invisible? Why 

aren't my spiders fighting when I put them together? Why didn't the black widow kill and 

eat the other spider? Will spiders fight if they are given more room to live in? Why are 

we doing this? How will we use this information in the future? How do you transfer a 

black widow from one jar to another? How can I create different temperature 

environments to observe my spider's hunting ability in? 

12. Were students interested in the spider unit? Students were very interested in the unit. 

While the students were performing their own experiments, some became so interesting 

that the whole class would bunch up at one lab station to see what was going on—usually 
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when two spiders were put together and one would eat the other. Students seemed less 

interested in the mark and recapture study. A lot of them played around outside 

especially in the recapture day—they already went outside once before. However, they 

were impressed with the data collected and the treatment of the data to get a final number 

on the spider count 

13. Other comments: Overall I am pleased with the unit and how it went A copy of the 

student survey, a breakdown of how the different classes responded, and some selected 

typical comments follow. 
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SPIDER LAB 

STUDENT SURVEY QUESTIONS 

Circle the number that best describes how you feel. Use the following key. 

KEY: 

I=strongly agree 

2=agree somewhat 

3=neutral 

4=disagree somewhat 

5=strongiy disagree 

1. The spider labs were fim. 1 2 345 

2. Before doing this lab I didnt know that so many things had to be 1 2 3 4 5 

considered when trying to estimate numbers of animals. 

3. Writing my own procedure made me think more about HOW to do each 1 2 3 4 5 

step. 

4. Writing my own procedure made me think more about WHY each 1 2 3 4 5 

step is done. 

5. Before designing an experiment with my spider I felt this was 1 2 3 4 5 

something I could do. 

6. As a result of doing this lab I learned that 1 2 3 4 5 

spiders are interesting animals and that lots of 

questions about them can be answered by doing 

experiments. 



143 

7.1 felt good about myself when I was successful 1 2 3 4 5 

at coming up with a number for how many spiders 

were in my stucfy site. 

8.1 liked having the freedom to come up with my 1 2 3 4 5 

own procedure. I felt smarter and more creative. I felt 

trusted to be able to think for myself. 

9.1 would have preferred a step by step procedure 1 2 3 4 5 

already written out for me to follow. 

10.1 liked making up my own charts at the 1 2345 

conclusion of the activity. 

11.1 prefer to fill in ready made charts. 1 234 5 

12.1 learned a lot from doing these labs. 1 2 3 4 5 

13. The spider labs were interesting. 1 2 3 4 5 

14. The spider labs were too easy. 1 2 3 4 5 

15.1 would recommend these labs for fr^hmen in Earth Science 1 2 3 4 5 

16.1 liked making my own experiment better than the mark and recapture 1 2 3 4 5 

study. 

17.1 leamed that spiders reduce insect numbers significantly. 1 2 3 4 5 

18.1 will think twice about killing a spider in the future. 1 2 3 4 5 

WRITTEN RESPONSES: 

1. Did you leam a lot from this lab? Briefly list some things. 

2. Was it helpful to work with a partner? Why or ^^^y not? 

3. Did you "spy" on other groups to get ideas? Explain why or why not. 
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4. Do you prefer labs that make you think or do you prefer to be told what to do and what 

results to expect ahead of time? Explain. 

5. What have I forgotten to ask you or what further conmients would you like to make? 



STUDENT RESPONSES TO SURVEY QUESTIONS 

RESULTS FROM PERIODS 3,4,6, and 7 

KEY: 

l=strongly agree 

2=agree somewhat 

3=neutrai 

4=disagree somewhat 

5=strongly disagree 

I. The spider labs werefim. 

p3 p4 p6 P7 Total 

1 4 3 3 4 14 

2 4 7 9 12 32 

3 6 7 11 4 28 

4 5 6 1 1 13 

5 3 1 0 1 5 

2. Before doing this iab I didnt know that so many things had to be considered when 

trying to estimate numbers of animals. 

P3 P4 p6 P7 Total 

1 7 6 13 4 30 

2 5 5 5 7 22 

3 9 8 3 7 27 

4 1 3 2 3 9 

5 0 2 1 1 4 
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3. Writing my own procedure made me think more about HOW to do each step. 

p3 P4 p6 p7 Total 

I 3 5 5 1 14 

2 9 10 8 10 27 

J 7 4 5 7 23 

4 2 2 4 1 9 

5 I 3 2 3 9 

4. Writing my own procedure made me think more about WHY each step is done. 

P3 p4 p6 p7 Total 

1 4 5 7 4 20 

2 8 10 4 8 30 

J 4 4 9 3 20 

4 5 2 3 5 15 

5 1 3 1 2 7 

5. Before designing an experiment with my spider I felt this was something I could do. 

P3 P4 p6 p7 Total 

1 5 8 2 7 22 

2 6 6 8 6 26 

3 9 5 10 7 31 

4 2 5 2 1 10 

5 1 0 2 1 4 



147 

6. As a result of doing this lab I learned that spiders are interesting animals and that lots 

of questions about them can be answered by doing experiments. 

p3 P4 p6 P7 Total 

1 6 5 10 4 25 

2 7 5 6 10 28 

3 "J J 11 3 7 24 

4 4 3 4 1 12 

5 2 0 1 0 3 

7.1 felt good about myself when I was successful at coming up with a number for how 

many spiders were on my study site. 

P3 P4 p6 P7 Total 

1 3 5 2 2 12 

2 'y J 2 5 4 14 

3 10 10 13 15 48 

4 3 5 5 1 14 

5 2 2 0 0 4 
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8.1 liked having the freedom to come up with my own procedure. I felt smarter and more 

creative. I felt trusted to be able to think for myself. 

P3 P4 p6 p7 Total 

1 6 6 7 6 25 

2 4 9 6 8 27 

3 9 3 7 7 26 

4 I 4 4 I 10 

5 2 2 0 0 4 

9.1 would have preferred a step by step procedure already written out for me to follow. 

P3 p4 p6 p7 Total 

1 3 6 5 3 17 

2 2 4 6 3 15 

3 7 2 7 6 23 

4 5 7 3 7 22 

5 5 5 3 3 16 

10.1 liked making up my own charts at the 

p3 p4 p6 P7 Total 

I 2 4 4 2 12 

2 5 . 3 3 3 14 

3 10 10 8 13 41 

4 5 1 6 2 14 

5 0 6 3 2 11 
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11.1 prefer to fill in ready made charts. 

P3 p4 p6 p7 Total 

1 6 10 7 6 29 

2 5 4 3 3 15 

J 5 6 7 8 26 

4 1 1 3 4 9 

5 5 3 4 1 13 

12.1 learned a lot from doing these labs. 

p3 p4 p6 P7 Total 

1 2 3 5 3 13 

2 10 11 9 11 41 

3 9 7 9 6 31 

4 1 3 1 2 7 

5 0 0 0 0 0 

13. The spider labs were interesting. 

p3 p4 p6 P7 Total 

1 4 6 5 6 21 

2 8 8 7 12 35 

3 4 6 7 2 19 

4 3 3 4 1 11 

5 3 1 1 I 6 
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14. The spider labs were too easy. 

P3 P4 p6 P7 Total 

1 0 1 1 0 2 

2 I 2 2 3 8 

J 14 7 12 7 40 

4 4 8 4 8 24 

5 3 6 5 4 18 

15.1 would recommend these labs for fireshmen in ES next year. 

p3 p4 p6 p7 Total 

1 9 8 9 8 34 

2 4 6 9 7 26 

J J 6 3 5 17 

4 5 2 2 0 9 

5 1 2 I 2 6 

16.1 liked making my own experiment better than the mark and recapture study.\ 

P3 p4 p6 p7 Total 

I 6 9 6 6 27 

2 5 5 4 8 22 

3 10 5 9 8 32 

4 0 3 0 2 5 

5 1 2 3 0 6 
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17.1 learned that spiders reduce insect numbers significantly. 

P3 p4 p6 p7 Total 

8 11 12 3 34 

4 8 5 10 27 

5 0 5 7 17 

4 3 2 1 10 

1 2 0 I 4 

18.1 will thinic twice about killing a spider in the future. 

P3 p4 p6 P7 Total 

1 3 5 7 3 18 

2 2 3 5 I 11 

3 8 7 6 9 30 

4 I 0 2 3 6 

5 8 9 4 6 27 

WRITTEN RESPONSES: 

1. Did you learn a lot from this lab? Briefly list some things. 

I learned about different kinds of spiders and the stuff each certain one does. 

Spiders fight a lot 

I learned how they eat 

Yes, what spiders eat, how they mate & hunt, etc. 

I kind of learned about spiders. 1 kind of played around too much. 

...there are a lot of spiders. 

I learned that spiders have an interesting way with the opposite sex. I learned where 

things are located on the spider. 
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...the temp., at which spiders have the highest activity, what they eat 

...spiders reduce population of insects & that spiders don't eat dead insects. 

...how the spider makes its web. 

...to tell males firom females. 

...where th^r live. 

...they play dead. 

...I needed more time to make up an experiment... 

I couldn't tell you exactly but I know we learned lots. 

...from other people's labs because I didnt have my OWIL 

...definitions firom the Predator-Prey packet and a good amount of knowledge of insects. 

...what spiders do on an everyday basis. 

Spiders aren't as bad as I thought but I still kill them. 

Spiders can be pretty and cute (some of them)... 

...in my elementary 1 did a report on them. 

...half the time they didnt move. 

...how many spiders are one campus. 

...I didnt know the females ate the males. 

2. Was it helpful to work with a partner? Why or why not 

Yes, because when I was stumped she helped me. 

Yes, you could share your ideas. 

Yes, because two brains are better than one. 

Yes, we could split the responsibilities. 

Yes, because I wouldnt want to present on my own. 

It was OK with a parmer but I'd rather work alone. I work better. 
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It was not helpful to work with partners because not everybody does what they are 

suppose do. I like working by myself. 

No, because it becomes a social lab. 

Yes, ...can share your opinion and compare data.... 

No, I did all the work while she copied. 

Yes, because didnt know enough. 

...it took some of the load off my shoulders. 

3. Did you "spy" on other groups to get ideas? Explain why or why not 

No, I went with my feeling and what I wanted to get done. 

No, I thought my ideas up myself 

No. I like my own ideas. 

Sometimes to see the spiders fight 

. . .  t o  s e e  w h a t  t h e  s p i d e r s  w e r e  d o i n g  a n d  s e e  w h a t  s p i d e r s  o t h e r s  h a d .  

No 1 didn't because it's not as interesting. 

Yes, because I got tired of doing nothing. 

No, because that would not be fair to the group that worked. 

No, because that's cheating. But I did take a quick peak when their spiders were fighting. 

I like to see what they were doing but not for ideas. 

No, because I wanted to do something easy and thought of something easy. 

4. Do you prefer labs that make you think or do you prefer to be told what to do and what 

results to expect ahead of time? Explain. 

It let you think because can better yourself & your understanding of it 

Either... because the ones you think you learn more and the one you get told you dont 
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take as long. 

Both because sometimes I'm not in the mood to think and work. 

Kind of both. 

I like you to tell us what to do. 

I like a little of both—some instructions and make up some 

on my own. 

The first They are more fun. 

It doesnt really matter to me. 

I prefer to do labs that make me think because there is no reason to do an experiment if 

somebody already did and told you about it 

The purpose of the experiment is to see what happens. If you already know the outcome, 

the purpose is defeated. 

I like to know exactly what Tm doing. 

A mix. I liked help but I also wanted to be creative. 

Be told what to do because it is easier and you know what is expected. 

1 prefer if I have to think, that way everyone works at their own level. 

I like being able to think but science is sort of hard so its easier if you give us some idea 

what to expect 

I prefer labs that make me think because I don't like being told what to do. 

I like being able to think. It's better but not all the time. 

I think I like to make up my own labs but it can get really hard sometimes because you 

might not know what data to write down and what kind of information you should record. 

I would like if you told us what to do so I can't mess up. 

...I like to know what's going to happen. 
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5. What have I forgotten to ask you or what further comments would you like to make? 

Catch some other animal and do experiments. 

Nothing—I like how you give us candy & stickers. That's nice that you take the time to do 

that 

Why do I have such a bad grade? 

I would like to use more microscopes and more technical stuff 

I don't like learning about spiders. It's boring and we dont need to know about spiders 

when we grow up. 

It was fim. I've never done anything like it 

I enjoyed the spider labs but I hated looking at and catching the spiders! They were ugly! 

Science is hard. 

Let's do another lab similar to the spider lab! 

I like this class. If s a nice break &om all the routine and orders of the other classes. 
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APPENDIX A 

QUICK GUIDE TO 
ARIZONA SPIDERS 
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