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Conditions

Learning Objectives:

After completing this unit you should be able to:

1. Predict ‑ from fundamental principles of climatology ‑ the climate for any location on the earth’s surface.  Pay attention to spatial and temporal variation in solar radiation, temperature, moisture, wind, and ocean currents.

2. Illustrate the climate‑modifying influence of water bodies, mountains, ocean currents, vegetation.

3. Developmental rate in relation to temperature.  Describe the form of the developmental rate curve and interpret parameters (optimum temperature, spread, maximum rate, developmental threshold)

4. Day-Degree Modeling. Develop a day-degree model to predict the timing of events in an insect life history.  Review IPPC web site featuring weather data and degree-days for Oregon http://osu.orst.edu/Dept/IPPC/wea/
5. Survival and fecundity in relation to temperature. Design experiments to predict the lethal influence of temperature
6. .Biogeographic Perspective. Describe how characteristics of the arctic insects have been shaped by the environmental stresses found there
7. Population Dynamics. Illustrate the potential direct and indirect effects of temperature on population dynamics drawing on the fall webworm case study, including the role of density dependence, genetic variation, and the importance of understanding phenology and host-plant quality


Lecture Outline
I. Introduction
A. Context. Insect distribution and abundance are influenced by historical factors, environmental conditions, available resources, and interactions within and among species. Here we focus on conditions. 

B. Predictors. How does do conditions represented by the variables temperature, moisture, wind vary over the earth's surface? The references include reviews of variation in climatic variables on "macro" (Finch 1957, Rumney 1968, Trewartha 1968, MacArthur 1972), "meso" (Wellington and Trimble 1984), and "micro" scales (Geiger 1955, Cloudsley-Thompson 1962, Wellington and Trimble 1984).  For a quick summary of climate for any location consult the atlas of climate diagrams (Walter and Leith 1960); computer programs are available to help you find locations with similar climates (Sutherst and Maywald 1985, Skarratt et al. 1995).

C. Responses. How do insects respond (at the individual, population, and community levels of organization) to variation in environmental conditions, looking across scales of space and time?

II. seq level1 \h \r0  Macroclimate
A. Variation in intensity of insolation over earth's surface

1. Increasing slant of sun's rays with increase in latitude

2. Tilt of earth 23.5 o off plane of orbit around sun imposes annual variation in temperature

B. Air circulation in earth's atmosphere

1. Air circulation on a non-rotating planet

2. Deflection of winds due to Coriolis force

3. Cyclonic and anticyclonic circulation of winds and ocean currents

C. Modifying influences: water bodies, ocean currents, mountains, etc. 

III. Biogeographic perspective on insect life in extreme environmental conditions: arctic insects (Downes 1962, 1964, 1965, 1966, Danks 1981, Strathdee and Bale 1998)
A. Nature of environmental stress

1. Low heat budget

2. High winds

3. Low precipitation

4. Low primary production 

5. Low predictability of adverse conditions

B. Faunal characteristics

1. Low species diversity

2. Difference in `success' of insect orders

3. Lack of adaptive radiation

4. Low endemism

5. Lack of ecological saturation 

C. Prolonged or indefinite life cycles

D. Morphological or physiological adaptations

E. Reduction: the syndrome of simuliids relating brachyptery, dispersal, food requirements, and reproductive biology

IV. Effect of temperature on insect life-cycles and population dynamics
A. The importance of the relationship between developmental rate and temperature

1. Determines the timing of life history stages

2. Timing of life stages in turn determines vital rates, the outcome of species interactions, and the appropriate timing of our interventions in insect management

B. The functional form of relationships (Taylor 1981)
1. Developmental rate curve is sigmoid, not symmetrical about the optimum temperature for development.  Nonlinear form acts as a filter emphasizing certain temperatures in translating temperature into development

2. Temperature regime fluctuates rather predictably diurnally and seasonally

C. Use of day-degrees for predicting the timing of life history events (Varley et al. 1973) and computer programs for modeling the phenology of insects  -- see (Welch et al. 1978) and Web Page at http://www.orst.edu/Dept/IPPC/wea/
V. Fall webworm Hyphantria cuneaa (Lepidoptera: Arctiidae) in New Brunswick and Nova Scotia.  Study blends descriptive and experimental approaches, search for broad patterns in population dynamics in time and space (Morris 1964, Morris and Bennett 1967, Morris 1971a) and detailed studies of mechanisms (Morris 1967, Morris and Fulton 1970a, Morris and Fulton 1970b, Morris 1971b, 1972) {summarized on page 496-507 in (Price 1997)}.

A. Life cycle and Natural History – Univoltine species overwinters as pupa in the ground (where it has some protection from low winter temperature), emerges as adult in June and July, oviposits on various species of trees and shrubs, and larvae develop through variable numbers of instars (range 5-8, mean 6) in August and September, build webs or nests (which influence temperatures experienced by larvae),  feed colonially, and the nests are most noticeable from mid-August to mid-September. 

B. Patterns in Population Dynamics 

1. Oscillations in population density of this outbreak species have peaks at intervals varying from 8 to 16 years (12 yr on average) and are generally synchronous over very large areas in eastern and central Canada(Figure 4) (Morris 1964)
2. Climate limitation. Outbreaks associated with warm, dry summers operationally measured as positive deviations from mean August and September temperatures in eastern and central Canada (Morris 1964).  Motivated further studies of the effects of temperature and humidity on the rates of growth, development, survival, and fecundity in laboratory and field populations. 

3. Resource limitation.  Periodically depletes its food supply and experiences intraspecific competition.  Variation in temperature influences timing of larval development in relation to changes in foliage quality (quality declines with age of foliage) (Morris 1967).

4. Natural enemy limitation.  Variation in temperature may alter parasitoid effects by changing the host/parasitoid synchrony (parasitoid has a lower heat requirement K than webworm) with Campoplex validus (Morris 1976c, b) and the amount of encapsulation of Campoplex eggs (large hosts encapsulate more readily than small ones)(Morris 1976a).

C. Key findings (summarized by Price 1997).  Temperature (rate of heat accumulation) has direct and indirect, immediate and delayed effects on webworm populations 

1. Direct effect on survival (year  t) and fecundity (year t+1) with optimum temperatures for development (~80oF or ~27oC) yielding rapid development, high larval survival, large pupae, high fecundity

2. Direct effect on survival (t) to pupal stage (the overwintering stage)

3. Direct effect on survival (t+1) after census (t)
4. Indirect effect on survival (t) by changing timing of feeding in relation to changing Host Quality 

5. Indirect effect on fecundity (t+1) by changing timing of feeding in relation to changing Host Quality 

6. Indirect effect on survival (t+1) acting via maternal effects 

7. Indirect effects on survival (t+1) acting via natural selection on genetic variation in heat requirements

8. Effect on genetic variation in heat requirements due to past episodes of natural selection (t-1, t-2, …) 

9. Indirect effect by changing host-parasitoid synchrony 

10. Indirect effect by changing encapsulation of parasitoid eggs
VI. Effects of global climate change on insects (Thomas 1993, Lawton 1995, Houghton et al. 1996, Parmesan 1996, Davis et al. 1998, Hodkinson 1999)
Questions for Discussion:

1. 
Why is insect species diversity so low in the Arctic?  Does the Arctic fauna "saturate" the ecological opportunities available in this environment? Do biotic factors such as competition and predation play as important a role in the evolution of Arctic insects as they do at lower latitudes?

2. 
How does the alpine differ from the arctic as an environment for insects?  Would you expect these  environments to share similar species?  Would species found in these environments likely share similar physiological syndromes?

3.
Can you characterize another extreme environment, deserts, and the insects that live there, in the manner Downes has done for the Arctic?

4. How might insects be affected by global climate change? How are climatic conditions likely to change under the most plausible current scenarios?  Do current models of insect responses to climate change adequately weigh both direct responses to changing conditions as well as indirect responses to changing organism interactions?

5. Population change depends on only four factors: birth, death, immigration, and emigration.  This apparent simplicity is deceptive due to the complexity of biotic and abiotic interactions in the natural world that can influence these four population parameters.  What complexities are revealed by the fall webworm study?  Are single-factor explanations of population dynamics doomed to failure?  Should the influence of temperature on these four vital rates be a central part of any theory of population dynamics?  What are the remaining problems in population dynamics of the fall webworm?
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