SECTION VI: DISCUSSION OF CONCLUSIONS
AND IMPLICATIONS
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Section |. Introduction and Literature Review

The information provided in Section | provides a basis for understanding the
importance of masting in oak dominated forests in terms of potential impacts on wildlife
population dynamics and oak reproduction. The data are more extensive than is required
in the masting model asit is currently formulated; however, the algorithm may be altered
to accommodate a higher degree of detail or applied to different ecosystems where the

current formulation is not appropriate.

Section |1. Probability and Quantity of Acorn Production: Parameters for the Landis Add-on
Module

Section |1 presents a synthesis of available information on factors relevant to this
mast production model in the form of developing and justifying parameters and applying
these relationships in the program code of the mast model. The requirements and
limitations of the landscape model LANDIS are also summarized. In general, datafrom
local inventories are used to stochastically estimate the diameter, density, and species-
group distribution of oak trees in canopy positions on landscape elements (cells) in
consideration of differences among local land types. Variability among trees in inherent
acorn production is factored and an estimate of an area-based mast production index is
generated.

One relationship that is modeled, a prediction of tree size from the age of cell
dominantsis probably a weakness of the model. While the predictability of the

relationship is improved over normal situations by being able to limit analysis of
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inventory data to only upper canopy trees in dominant and co-dominant positions (since
these trees produce the vast majority of acorns), the relationship is still tenuous. For
example, while one might expect alarge number of small, suppressed trees in a stand
where the age of the dominantsisrelatively old, (e.g. 160 years), one might be less
willing to accept the presence of large trees on young stands (e.g. 20 years). Dueto the
high degree of variability associated with the age-diameter relationship, this sort of
situation is not rare in the mast model output. Therefore, either a better description of the
relationship or a more subjective or idealized application of variability may be warranted.

The formulation of the model is specific to forests in southern Missouri. The
algorithm may be used in other ecosystem types, however, it is probable that the
parameters would need to be altered and some information provided in the LANDIS output
that was ignored in my formulation might be re-considered for other situations. For
example, | did not utilize the species presence-absence information since an analysis of
the local data revealed that oaks were distributed uniformly and predictably though out
the forests of southern Missouri. However, LANDIS, as parameterized for other
ecosystems, factors many more species (He et al. 1999) and since more species are
considered, the presence or absence of oaks may be more pertinent.

Another improvement of the mast model algorithm would be to link the
estimations of tree-level data among iterations of the LANDIS output. Currently, the
algorithm stochastically assigns tree density, diameter, species distribution, and inherent
mast production characteristics independently among iterations. Thus, a cell may change
in character between the 20" and 30" year iterations. To some degree the algorithm

compensates for this effect since the stand-level mast index is estimated from the average
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of many cells (a 30 ha stand is comprised of 333 cells). Setting the initial “seed” for the
random number generator explicitly before running simulations ensures the same random
numbers are assigned repeatedly. Thus, comparison among simulated treatments is not
affected by stochastic variation among cells.

The relationship between tree size and mast production by species was scaled in a
manner that produced a value that is roughly equivalent to a mass-per-unit-area value (kg
acorns ha'). By using these two values interchangeably, | hope to convey the impression
that the value is intended to be an index but may have a more tangible interpretation.
Table VI.1 presents a summary from three sources of data for converting from the mass
of acorns to the number of acorns by some species found in Missouri. If amodeler is
interested in the number of acorns produced, the wide range in the relative weight of
acorns (e.g. 0.4 to 3.1 g, air-dried) among species suggests that in the model, rather than
distribution of trees among sub-genera, perhaps canopy trees should distributed among

Species.

Section I11. Implementation and Behavior of the Spatial Component of the Masting Model

The coding of the model seems to simulate the desired relationships in the model
algorithm. The tree density (TPC) and species group assignment routines in general
assign stand characteristics typical of southern Missouri. The diameter distributions are
not as well defined and estimation may need to be improved (see above). The results of
ultimate interest (the mast indices) followed the expected pattern with respect to age and
species groups. That is, as stands grew older, trees of the white oak group became more

important contributors to the mast crop.
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TableVI.1 Some conversion factors for estimating the number and mass of fresh and dry
acorns per unit area (Adapted from Waller 1979, Downs 1944, and the MOFEP hard mast plot
data).

Interval
between MOFEP
large seed Acorn Acorn : :
crops[years] Acorns Mass Mass [g] Air Dried Mass Estimated
(Waller) per kg [g] Fresh 93,95,97,99 Conversion factor
(Waller) (Waller) (Downs)  [gacorn™]  Acomskg™  freshtodry
Quercus alba 7 264 3.8 2.7 11 891 0.41
Q. coccinea 4 517 19 2.3 1.4 690 0.62
Q. falcata 15 1188 0.8 0.4
Q. palustris 15 902 11 0.6
Q. prinus 25 220 45 6.6 2.3
Q. rubra 4 275 36 51 3.1 325 0.61
Q. velutina 25 539 19 1.9 11 927 0.57
Q. stellata 04 2816
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Sengitivity analysis revealed that in terms of predicting cell mast index estimates,
the parameters for the distribution of canopy trees among oak sub-genera were the most
sensitive to change. The diameter-age relationship and the TPC estimation were not
nearly as sensitive to change. This was perhaps due to the application of arelatively
small amount of variation to the species-distribution estimate versus the large amount of
variation factored in predicting tree size and stand-cell density.

Running the model on the 3,216 ha test landscape provided data for generating
maps of mast production. A more parsimonious re-formulation of this first version of the
mast model may improve performance in terms of computer time and memory usage. In
many cases, temporary variables can be created and immediately discarded rather than
retained in active memory and later discarded. Another approach for improving model
efficiency, would be to parameterize the model for a situation and run the model on only
a sub-sample of the entire landscape and estimate the mean and variation in the cell-level
mast production index (CMPI) as a function of the age of dominants and land type. A
separate and much simpler model could then apply this relationships (CMPI = f(age and
landtype) stochastically across the entire landscape. Once summarized at the stand level,

the results of the ssmpler model should resemble the results of the complete model.

Section V. Implementation of Annual Variability in the Masting Model

The model adding annual variability to the spatial model seemed to produce
results similar to those seen in nature. The model could be improved by having more
explicit information regarding the probabilities of growing season factors that affect mast

production (e.g. hail, wind, insect predation, drought etc). Also, for this model the effects
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of microclimate are only hypothesized. | have subjectively estimated the probability of
mast-limiting events and subjectively assigned the degree of influence these events have
on different land types. Thisis clearly an opportunity for further research. The recently
evolving availability of precocioudly fruiting oak trees that are small enough to enclose in
greenhouses and growth chambers provides one such opportunity.

To look at how global climate change might affect mast production, | reviewed
some internet-based sources of information and ran the mast model on one scenario.
Thereis no general consensus regarding how the climate in the mid-west U.S. will be
affected, particularly regarding relative humidity. However, one common prediction is
that while, in general, the average temperatures will rise, the weather patterns will
become more erratic and relative humidity will rise (Watson et a. 1997; EPA 2000;
Green 2000, WMO 2001). For my simulation, | interpret this to mean that, i) since
flowering is triggered by cumulative heating in the spring, flowers may mature earlier but
since the climate is more erratic, there is a higher probability of freezing damage, and ii)
higher relative humidity will increase the likelihood of poor flowering conditions. Figure
V1.1 depicts the amount of the change of influence on freezing probability and relative
humidity effect that | factored in this simulation. Basically, the probability of freezing
was doubled and the influence of relative humidity altered to alesser extent. The
simulation was run on the output of the spatial mast model for the even-aged
management 90" year iteration with and without the climate change using the same initial
random number seed. The results suggest arelatively small impact of climate change
(given this scenario) on total mast production (Figure V1.2). There were some years

(2,8,9,10) of the simulation that under the base climate parameters produced a small
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amount of mast (<50 kg ha™) while during those same years little or no mast production

occurred. Most high mast production years were not affected at all.

Section V. Allocation of Resources: The Trade-off Between Vegetative Growth and Acorn

Production.

The results of the study of resource allocation to mast production suggest that,
although vague, there is reason to suspect that there is a measurable trade-off in resources
between acorn production and diameter and following year shoot-length growth. As
mentioned above, there may be an opportunity for studying this possible relationship
using precociously flowering and fruiting oak trees. Early fruiting is as inherited trait and

may also be an indicator of overall tree vigor.

CONCLUSION
The masting model algorithm provides aframework for adding tree-level detail to
alandscape model (LANDIS). A mechanistic approach was adopted to assign
characteristics to cells that might affect mast production. These characteristics were then
used to estimate mast production. While the parameters and formulation would change,

this general approach can be used to address other research questions mechanistically.

286



Literature Cited

Auchmoody, L.R., H.C. Smith, and R.S. Walters. 1993. Acorn production in northern red oak
stands in northwestern Pennsylvania. Res. Pap. NE-680. USDA Forest Service, Northeast Forest.
Experiment Station. 5p.

Bartelink, H.H. 1998. A model of dry matter partitioning in trees. Tree Physiology. 18: 91-101.
Brookshire, B.L. and S.R. Shifley. 1997. Proceedings of the Missouri Ozark Forest Ecosystem
Project: Symposium. Gen. Tech. Rep. NC-193. USDA Forest Service, North Central Research
Station. St. Paul, MN. 378 p.

Cecich, R. A. 1992.Flowering and oak regeneration: IN: Loftis, D.L. and C.E. McGee (eds),
Oak Regeneration: Serious Problems, Practical Recommendations. Sept 8-10, 1992. USDA.
Forest Service. Gen. Tech. Rep. SE-84. Southeastern Forest Experiment Station, Asheville, N.C.
Cecich, R.A. 1994. The reproductive biology of Quercus, with an emphasis on Q. rubra. In:
Biology and silviculture of northern red oak in the north central region: A synopsis. J.G.
Isebrands and R.E. Dickson (eds) USDA Forest Service Gen. Tech. Rep. NC-173. 68 p.

Cecich, R.A. and N.H. Sullivan. 1999. Influence of weather at time of pollination on acorn
production of Quercus alba and Quercus velutina. Can J. For. Res. 29: 1817-1823.

Dickson, J.G. 1990. Oak and flowering dogwood fruit production for eastern wild turkeys. IN:
W.M. Hedly, G.B. Healy, eds. Proc. 6th National Wild Turkey Symposium: National Wild
Turkey Federation: 90-95.

Dickson, R.E. and P.T Tomlinson. 1996. Oak growth, development and carbon metabolism in
response to water stress. Ann. ci. For. 53: 181-196.

Downs, A.A. 1944. Estimating acorn crops for wildlife in the southern Appalachians. J. of
Wildlife Management. 8(4): 339-340.

Downs, A.A. 1949. Trees and food from acorns. USDA Yearbook of Agriculture, 1949. 571-573.

Downs, A.A., and W.E. McQuilken. 1944. Seed production of southern Appalachian oaks. J. of
Forestry. 42(12): 913-920.

Drake, W.E. 1991. Evaluation of an approach to improve acorn production during thinning. IN:
Proceedings of the 8" Central Hardwood Conference. L.H. McCormick and K.W. Gottschalk
(eds). USDA Forest Service. Gen Tech. Rep. NE-148. Radnor, PA 605 p.

EPA 2000. Global Warming Site: Climate http:// ww.epa.gov/globalwarming/climate/index.html

Farmer, R.E. 1981. Variation in seed yield of white oak. Forest Science. 27(2):377-380.

287



Feret, P.P., R.E. Kreh, SA. Merckle, and R.G. Oderwald. 1982. Flower abundance, premature
acorn abscission, and acorn production in Quercus alba L. Botannical Gazette. 143(2): 216-218.

Goodrum, P.D., V.H. Reid, and C.E. Boyd. 1971. Acorn yields, characteristics, and management
criteria of oaks for wildlife. J. of Wildlife Management. 35(3): 520-532.

Green. K. 2000. A Plain English Guide to Climate Change.
http://www.rpi.org/environment/peg3.html

Greenberg, C.H. 2000. Individual variation in acorn production by five species of southern
Appalachian oaks. Forest Ecology and Management. 132: 199-210.

Gustafson, E. J., S.R. Shifley, D.J. Mladenoff, K.K. Nimerfro, and H.S. He. 2000. Spatial
simulation of forest succession and timber harvesting using LANDIS. Can. J. For. Res. 30: 32-
43.

Gysal, L.W. 1957. Acorn production on good, medium, and poor oak sitesin southern
Michigan. J. Forestry. 55: 570-574.

Hannon, S.J., R.L. Mumme, W.D. Koenig, S. Spon, and F.A. Pitelka. 1987. Poor acorn crop,
dominance, and decline in numbers of acorn woodpeckers. J. of Animal Ecology. 56: 197-207.

Hansen, M.H.,T. Frieswyk, JF. Glover, and J.F. Kelly. 1992. The Eastwide Forest Inventory
DataBase: Users Manual. Gen. Tech. Rep. NC-151. USDA Forest Service. St. Paul, MN. 48 p.
Internet Address: (http://www.srsfia.usfs.msstate.edu/scripts/ew.htm).

Harlow, R.F. and R.L. Eikum. 1963. The effect of stand density on the acorn production of
turkey oaks. Proc. 17th Ann. Conf. Southeast Assoc. Game and Fish Commisioners. 126-133.

Harlow, R.F., JB. Whelan, H.S. Crawford, and J.E. Skeen. 1975. Deer food during years of oak
mast abundance and scarcity. J. of Wildlife Management. 39(2): 330-336.

Healy, W.M. 1997. Thinning New England oak stands to enhance acorn production. North. J.
Applied Forestry. 14(3): 152-156.

Healy, W.M., A.N. Lewis, and E.F. Boose. 1999. Variation of red oak acorn production. Forest
Ecology and Management. 116: 1-11.

Hong, HS, D.J. Mladenoff, T.R. Crow. 1999. Linking an ecosystem model and a landscape
model to study forest species response to climate warming. Ecological Modelling 114. 213-233.

Hong, H.S., and D.J. Mladenoff. 1999. Spatially explicit and stochastic simulation of forest-
landscape fire disturbance and succession. Ecology. 80(1): 81-99.

Innouye D.W., D.E. Gill, M.R. Dudash, and C.B. Fenster. 1994. A model and lexicon for pollen
fate. American J. of Botany. 81(12):1517-1530.

Johnson, F.L. 1975. White oak acorn production in the upland streamside forest of central
[llinois. Univ. lllinois. Agric. Exp. Stn. For Res. Rep. 75-3.

288



Johnson, P.J. 1990. Quercus coccinnea IN: Silvics of North America. Vol 2. USDA Forest
Service AG Handbook 654.

Koenig, W.D. W.J. Carmen, M.T. Stanback, and R.L. Mumme. 1991. Determinants of acorn
productivity among five species of oaksin central coastal california. USDA For. Serv. Gen. Tech.
Rep. PSW-126 pp 136-142.

Koenig, W.D., R.L. Mumme, W.J. Carmen, and M.T. Stanback. 1994. Acorn production by oaks
in central coastal California: Variation within and among years. Ecology. 75(1):99-109.

Krajiecek, J.E., K.A. Brinkman, and S.F. Gingrich. 1961. Crown competition- A measure of
density. Forest Science 7(1): 35-42.

Lalonde, R.G., and B.D. Roitberg. 1992. On the evolution of masting behavior in trees:
predation or weather. American Naturalist. 139(6): 1293-1304.

Liljegren et a. 1999. Interactions among a APETALAL, LEAFY, TERMINAL FLOWER1
specify mersistem fate. The Plant Cell. 11: 1007-1018.

Loewenstein, E.F., P.S. Johnson, and H.E. Garrett. 2000. Age and diameter structure of a
managed uneven-aged oak forest. Canadian J. of Forest Research. 30(7):1060-1070.

Makela, A. 1997. A carbon balance model of growth and self-pruning in trees based on structural
relationships. Forest Science. 43(1): 7 —23.

Malstrom, H.L, and J.L. McMeans. 1982. Shoot length and previous fruiting affect subsequent
growth and nut production of '"Moneymaker' Pecan. HortScience. 17(6): 970-972.

McQuilkin, R.A. 1990. Quercus palustris: IN Silvics of North America. Vol 2. USDA Forest
Service AG Handbook 654.

McQuilkin, R.A. 1990. Quercus prinus: Silvics of North America. Vol 2. USDA Forest Service
AG Handbook 654.

McShea, W.J. and G. Schwede. 1993. Variable acorn crops: Responses of white-tailed deer and
other mast consumers. J. Mammology, 74(4): 999-1006.

Minckler, L.S. and D. Janes. 1965. Pin oak acorn production on normal and flooded areas.
University of Missouri. Agric. Exp. Stn. Research Bull. 898.

Minckler, L.S. and R.F. McDermott. 1960. Pin oak acorn production and regeneration as affected
by stand density, structure and flooding. University of Missouri. Agric. Exp. Stn. Research Bull.
750.

Mizukami and Ma. 1997. Determination of Arabidopsis floral meristem identity by Agamous.
The Plant Cell. 9: 393-408.

289



Mladenoff, D.J., G.E. Host, J. Boeder, and T.R. Crow. 1996. LANDIS: a spatial model of forest
landscape disturbance. Succession, and management. In: M.F. Goodchild et al. (eds). GIS and
Environmental Modeling: Progres and Research Issues. GIS World Books, Fort Callins, CO. P.
175 - 180.

Mladenoff, D.J. and H.S. He. 1999. Design and behavior of LANDIS, an object oriented model
of forest landscape disturbance and succession. In: Mladenoff, D.J., W.L. Baker (eds).
Advancesin Spatial Modeling of Forest Landscape Change: Approaches and Applications.
Cambridge, UK. Cambridge Universtity Press. p 125-162.

Myers, S.A. 1978. Insect impact on acorn production in Missouri upland forests. Thesis (Ph.D.)
University of Missouri, CO. 245 p.

Nixon, C.M., and M.W. McClain. 1969. Squirrel population decline following late spring frost.
J. of Wildlife Management. 33(2): 353-357.

Norton, D.A. and D. Kelly. 1988. Mast seeding over 33 years by Darydium cupressinum Lamb.
(rimu)(Podocarpaceae) in New Zealand: the importance of economies of scale. Functional
Ecology. 2: 399-408.

Ostfeld, R.S. C.G. Jones and J.O. Wolff. 1996. Of mice and mast: Ecological connectionsin
eastern deciduous forests. BioScience. 46(5):323-330.

Post, L.S. 1998. Seed management in Tennessee: Development of seed zones for Tennessee and
distribution and protection of northern red oak (Quercusrubra L.) acorns. Knoxville, TN:
University of Tennessee. 177 p. Thesis.

Potter, B.E. and T.W. Cate. 1999. A climatology of late-spring freezes in the northeastern
United States. USDA Forest Service GTR NC-204. St. Paul. MN. 35 p.

Reekie, E.G. an F.A. Bazzaz. 1987. Reproductive effort in plants. 1. Carbon allocation to
reproduction. American Naturalist. 129(6): 876-896.

Rogers, R.R. 1990. Quercus alba. IN: Silvics of North America. Vol 2. USDA Forest Service
AG Handbook 654.

Sander, I.L. 1990. Quercusrubra: IN. Silvics of North America. Vol 2. USDA Forest Service
AG Handbook 654.

Sander, I.L. 1990. Quercus velutina: IN. Silvics of North America. Vol 2. USDA Forest Service
AG Handbook 654.

Seki, T. 1994. Dependency of cone production on tree dimensionsin Abies mariesii. Canadian
J. Botany 72: 1713-1719.

Sharp and Chisman 1961. Flowering and fruiting in the white oaks. 1. Staminate flowering
through pollen dispersal. Ecology. 42: 365-372.

290



Sharp, W.M. and V.G. Sprague. 1967. Flowering and fruiting in the white oaks. Pistillate
flowering, acorn development, weather, and yields. Ecology. 48(2):243-251.

Shelburne, D.R. 1983. Patterns in the production, development, and maturation of acornsin
Quercus alba (Fagaceae). MS Thesis. University of Missouri-St. Louis. 80 p.

Shifley, S.R. and B.L. Brookshire. 2000. Missouri Ozark Forest Ecosystem Project: site history,
soils, landforms, woody and herbaceous vegetation, down wood, and inventory methods for the
landscape experiment. Gen. Tech. Rep. NC-208. USDA Forest Service, North Central Research
Station. St. Paul, MN. 314 p.

Shifley, SR., F.R. Thompson, D.R. Larsen, and W.D. Dijak. 2000. Modeling forest |andscape
change in the Missouri Ozarks under alternative management practices. Computers and
electronicsin Agriculture. 27(2000) 7-24.

Silvertown, JW. 1980. The evolutionary ecology of mast seeding in trees. Biol. J. Linn. Soc.
14:235-250.

Sork, V.L., J. Bramble, and O. Sexton. 1993. Ecology of mast-fruiting in three species of North
American deciduous oaks. Ecology. 74(2): 528-541.

Sprugel, D.G. T.M. Hinckley, and W. Schaap. 1991. The theory and practice of branch autonomy.
Annual Review of Ecological Systematics. 22: 309-334.

StataCorp. 1999. Stata Statistical Software: Release 6.0. College Station, TX: Stata
Corporation.

Stransky, J.J. 1990. Quercus stellata: IN. Silvics of North America. Vol 2. USDA Forest Service
AG Handbook 654.

Uhlig, H.G. and H.L. Wilson. 1952. A method of evaluating an annual mast index. J. of Wildlife
Management. 16(3): 338-343.

Waller, D.M. 1979. Models of mast fruiting in trees. J. of Theoretical Biology. 80: 223-232.

Williamson, M.J. 1966. Premature Abscissions and white oak acorn crops. Forest Science.
12(1): 19-21.

Wilson, P.R., B.J. Karl, R.J.Toft, J.R. Beggs, and R.H. Taylor. 1998. Therole of introduced
predators and competitors in the decline of Kaka (Nestor meridionalis) Populationsin New
Zedland. Biological Conservation. 83 (2): 175-185.

Wolff, J.O. 1996. Population fluctuations of mast-eating rodents are correlated with production
of acorns. J. Mammology. 77(3): 850-856.

Wolgast,, L.J. and B.B. Stout. 1977. The effects of relative humidity at the time of flowering on
fruit set in bear oak (Quercusilicifolia) mer. J. Botany. 64 (2): 159-160.

291



Yanofsky. 1995. Floral Meristemsto floral organs. Genes controlling early eventsin
Arabidopsis flower development. Ann. Rev. Physiol. Plant. Mol. Biol. 46: 167-188.

Valentine, H.T., T.G. Gregoire, H.E. Burkhart, and D.Y. Hollinger. 1997. A stand-level model of
carbon allocation and growth, calibrated for loblolly pine. Canadian J. Forest Research. 27: 817-
830.

VanGilder, L.D. 1997. Acorn production on the Missouri Forest Ecosystem project study sites:
Pre-treatment data. IN: Brookshire, B.L. and S.R. Shifley (eds.) Proceedings of the Missouri
Forest Ecosystem Project Symposium: an experimental approach to landscape research: USDA
Forest Service. GTR NC-193. St. Paul, MN 378 p.

Vogt, K. 1991. Carbon budgets of temperate forest ecosystems. Tree Physiology. 9: 69-86.

Waring, R.H. and W.H. Schlesinger. 1985. Forest Ecosystems: Concepts and Management.
Academic Press, Inc. New Y ork. 340 p.

Watson, R.T. , M.C. Zinyowera, R.H. Moss,and D.J. Dokken. 1997. The Regional Impacts of
Climate Change: an assessment of vulnerability. http:// www.ipcc.ch/pub/sr97.htm

WMO 2001 World Meteorological Organization.
http://www.wmo.ch/web/gcos/terre/variable/relhum.htm Geneva, Switzerland

292



VITA

Neal Sullivan was born March 7, 1960 in Peabody, Massachusetts. Hisfirst exposure
to natural resource issues in an academic setting was at Essex Agricultural and Technical
Institute in Hathorne, Massachusetts where he attended high school. After graduating, he
entered the military, was stationed in Germany and after three years, returned to the U.S.
to continue his education. He received the following degrees. an A.A.S. in Natural
Resources Management from Essex Agricultural and Technical Institute at Hathorne,
Massachusetts (1985) ; a B.S.-Forestry and an MSc. in Natural Resources from the
University of New Hampshire at Durham (1989 and 1993, respectively): and a Ph.D. in
Forestry from the University of Missouri at Columbia (2001). Heis married to Michelle
Boone formerly of Goose Creek, South Carolina and is presently a Post-Doctoral
Research Fellow with the Department of Forestry at the University of Missouri,
Columbia.

293



