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INTRODUCTION IIl. BELOWGROUND TECHNIQUES
Research on net annual primary production (NAPP) in ecosystems contributes to the understanding of Although associated with difficulty in measurement, several procedures have been developed for the BELOWGROUND TECHNIQUES
the process of energy flow throughout a community, beginning with solar energy fixed by primary estimation of net annual belowground production (NBPP). De la Cruz (1974b) calculated RESEARCHERS YEAR PURPOSE METHODS
production and eventually leading to transfer to heterotrophic members of the food chain (White et. al., belowground biomass in terms of the dry weight and ash free dry weight of core samples as well as Hogeland and Killingbeck 1985 Estimated belowground biomass Used cores
1978). In 1959 Smalley developed a method which utilized changes in standing crop values to estimate | the carbon, nitrogen, and phosphorous content and caloric values. |Agw@icBotanwi Ng de | a Cruzds
NAPP. Smalleyo S met hod took accoun t. of plant materialo G(.avefl‘o.bnffbﬁt of @Orefsérrfplmg, éAeVek.‘alestudleQ exﬁaﬂd@cﬂthls&r@tho‘d,%dch as @r@enéndﬂﬂl@apd} rowth Dame and Kenny 1986 Determined NBPP and overall productivity Used cores and the Smalley method
of plant material after peak standing crop had been r ewifknDie/fart (1587 &tholuey Xdminddedrds@nibles nicRo¥tBpicAlY to det@rthifletthe frattion of Marine Esoloay Proafess Series
account for decomposition or loss of material between sampling. Since Smalley developed this initial living and dead root material. Estimates of net primary productivity have been conducted nearly
method for estimating NAPP, many studies have built and expanded upon his original work. The exclusively aboveground but for a full understanding of primary productivity NBPP as well as NAPP Ellison et. al. 1986 Measured belowground biomass in the different S. alterniflora zones Cores taken in different zones
methodology of estimating NAPP can be grouped into four categories: destructive techniques, non- should be taken into account. American Journal of Botany
destructive techniques, belowground production techniques, and methods based on chemical analysis. - . _ _ _ . _ _ . . . _ —
This poster outlines the methodology of primary production in herbaceous communities following Groenendijk and Vink-Lievaart 1987 Estimated belowground production based on differences between maximum and Core samples microscopically examined to determine the fraction of living and dead root
S | A : . | ¢ di it h h . t di : : 1985 Plant Ecology minimum biomass material; root biomass calculated by carbon contents according to Gallagher and Plumey
ma eyod6s 1 ni | a studi es, Wi an emphasis on studies occurring since : (1979)
IV CH EM ISTRY TECH N | QU ES Gross et. al. 1991 Related aboveground biomass of S. alterniflora to belowground biomass by Used cores to compute belowground biomass
Estuaries comparison

The chemical environment in relation to primary production has been the subject of several v — Toge E——— —— e = T —— f : = - R ——

|. DESTRUCTIVE TECHNIQUES studies. For example, Hall and Yesaki (1988) examined nutrient cycling in relation to changes in owes €t al stimated belowgrouind production sed annual rates and depin distributions ot organic carbon mineraiization to °
) . : ’ . : : . . timate bel d product

biomass, Davis (1989) related production to nutrient supply, and Dai (1994, 1996) investigated Eoeey S
Foll owing Smalleyés first investigations, the harvest Uiearelatianafnirogentophotoswihesis, pipdugtigity, gnd popudadon eyragigssof Spartiname as ur i n g Hseih and Yang 1992 Established that dissolved organic carbon released in boiling water is a function of root | Roots were collected and subjected to dissolved organic carbon (DOC) analysis to
shoot production and many variations exist. This method entails harvesting clipped plots of aboveground alterniflora. Estuaries activity and can be used to calculate living root biomass of a sample determine a mean value and variation of DOC released from reference root samples to
biomass to determine grams/meter. Other ways of measuring shoot production include growth analysis, determine living root production

Allen curve, and gas exchange (photosynthetic carbon dioxide measured under a closed canopy). These

methods, however, are rarely used and usually under particular ecosystem circumstances. Although

many variations on Small eyods theme exist, sever al researchers have devised significant breaks from the
original methodology to warrant mention.

Wiegert and Evans (1964) formulated a method that accounts for the complex events inherent in primary CHEMISTRY TECHNIQUES
product?vity studieg. This method entailed a detailed analysis of the q_ynamic events as;ociated with | RESEARCHERS YEAR PURPOSE METHOD
production. The Wiegert and Evans method accounts for decomposition, loss, change in plant material : ) ) . ) — ) ) ) ___
from live to dead, and growth of material after the peak standing crop. Another modification to the Hall and Yeskai 1988 Examined nutrient cycling in relation to temporal changes in biomass Total nitrogen and phosphorus tissue content determined by wet acid digestion and
: ’ . ' : Svmposium- Wetlands/Peatlands titration of the distilled ammonia and stannous chloride reduction with calorimetric
standing crop method was conducted by Williams and Murdoch (1972) who monitored the growth and ymp measurement of phosphorus: total carbon measured on an induction furnace
die-back of leaves nondestructively and calculated the NAPP from population statistics. This method ) ) : : — PP —— : : :
oroved principally sound but difficult to apply. Finally, Shew et al. (1981) conducted studies which made Davis 1989 Related production of sawgrass and cattail to nutrient supply Combln_atlon of method_s, including leaf tagging, biomass determined by monthly
’ In: Sharitz, R. and J. Gibbons (Eds.), Ereshwater harvesting, and measuring leaf lengths

three assumptions for most accurately estimating NAPP using an aboveground harvest method: 1) the

study sites are homogenous with respect to plant distribution and height 2) the removal of dead material Wellands and Wildite

has no effect on the mortality of live plants and 3) there is no loss of material from a site between de Leeuw et. al. 1990 Measured peak aboveground biomass over a 13-year period to demonstrate the Biomass estimated by taking a single harvest each year
samplings Aquatic Botany relationship between year-to-year biomass and rainfall deficit and inundation frequency
Osgood and Zieman 1993 Asserted that spatial variability of factors that control leaf tissue nitrogen and Performed fertilization experiments suggesting that nitrogen is the primary limiting
Estuaries production is likely related to topography and grain size of an individual marsh which is | nutrientin S. alterniflora marsh populations
functi f h
Il. NON-DESTRUCTIVE TECHNIQUES Sl o
Boorman et. al. 1994 Determined that immature marshes are flood-dominated systems and are net Assessed the relations between nutrient status of the marsh soil pool, plant productivity
Several studies have investigated nondestructive technigues of determinina NAPP. Examples of In: Mitch, W.J. (Ed.), Global Wetlands: Old World and importers of sediment and organic matter while exporting mineral nutrients; mature and the direction and magnitude of fluxes of nutrients and organic matter
g : . . . g ' P : : " : New marshes are ebb-dominated and are net exporters of organic matter and sediment
commonnon-destructive techniques include Hogeland and Killingbeckodés (1985) stem ana | eaf —
tagging, Windam and Lathropodés (1999) aeri al photography and surveys, Dai 6s ~anopy productivity Dai and Wiegart 1996 Investigated the relation of nitrogen to photosynthesis, productivity, and population Applied N-fertilizer to tall and short grasses and used a comprehensive canopy
models (1994), and Whitbeck and Graceds (2006) visual obstruction and |light penetration. Ecology dynamics of S. alterniflora productivity model to examine primary productivity
Bouchard and Lefeuvre 2000 Examined carbon and nitrogen content in relation to production and macro-detritus Used harvest methods to attain living and standing dead biomass for carbon and
Aquatic Botany dynamics nitrogen analysis
DESTRUCTIVE TECHNIQUES CONCLUSION
RESEARCHERS YEAR PURPOSE METHOD
Dame and Kenny 1986 Calculated yearly net belowground primary production Smalley Much of the NAPP methodology used in recent years still bases itself on Smalleyds 1959 wor k,

although many variations have been made. For example, the recently developed stringing method of

Marine Ecology Progress Series : . : . :
Pratolongo et. al. (2005) could promise more accurate estimations of primary growth as biomass

Karagatzides 1987 Calculated net annual primary production, the difference between maximum and Smalley increments are directly measured instead of being indirectly estimated through changes in live and
M.Sc. Thesis, Simon Fraser University el Cle lausiu s ClEe e s Vi e gl il 2 e dead biomass or phenometric regression, therefore offering a more precise estimate of production TEXT LITERATURE CITED
resource allocation variation due to environmental conditions Investigations examining chemistry furthér clarify connections between the organic and non organi.c
: . . - i Dai, T. 1994. A study of photosynthesis, population dynamics and productivity of Spartina alterniflora
EWIng' 1986 Estimated aboveground net production Peak standing crop components of an ecosystem in relation to production. The Hseih and Yang (1992) method of using (smooth cordérasz) withyrespect th)) Fz)available )rllitrogen Disspertation Li/niverspity of Georgia
Estuaries dissolved organic carbon could be useful in reducing the amount of labor involved in estimating Athens, Georgia, USA ’
Giroux and Bédard 1988a Estimate of net annual above- and belowground production without considering losses Smalley belowground primary product.lon. .To further refine the methodology of estimating NAPP, future | Dai, T. and R. G. Wiegart. 1996. Ramet population dynamics and net aerial primary productivity of
Canadian Journal of Botany attributed to decomposition research should focus on estimating belowground production and rates of consumption by herbivores. Spartina alterniflora. Ecology 77:276-288
White and Simmons 1988 Estimated net primary production for three tidal marshes, calculated annual Smalley !\/Iuch work has been conducted to determine the mOS_t efficient method of NAPP estimation, keeping Davis, S. 1989. Sawgrass and cattail production in relation to nutrient supply in the Everglades. In:
Castanea aboveground primary productivity using monthly aboveground biomass data of the in mind the tradeoff between labor outputs and sampling thoroughness. Losses that occur between Sharitz, R. and J. Gibbons (Eds.), Freshwater Wetlands and Wildlife. CONF-8603101. USDOE
dominant species and summing peak standing crop for each marsh plant species sampl!ng intervals such as decomposition and herblvory are StIIII a concern for future Stgdles, however, Office of Scientific and Technical Information, Oak Ridge, TN, USA pp. 325-341.
Boorman et. al. 1997 Determined NAPP for two contrasting East Anglia salt marshes Smalley especially for ecosystems that are suspected to have high herbivory rates and substantial losses to Hall, K. & I. Yesaki. 1988. Primary production, detritus flux, and nutrient cycling in two bulrish marshes.
Mitch, W.J. (Ed.), Global Wetlands the system from abiotic external sources such as current and storm surges, as found in the Proceedi ngs, 8 WetlandséPeatlands §E8 By C. Rubec), pp. 41-49. International
Wh ; _ ; ; : : Mississippi River delta. Peat Society. Edmonton
ite 2000 Determined primary production over 15 growing seasons and related annual fluctuations | Peak standing crop y, EdM : _ o _ _ _ -
6 Annual International Wetland Symposium Book of in productivity to impact of allogenic factors in the wetlands Hogeland, A., and K. Killingbeck. 1985. Biomass, productivity, and life history traits of Juncus militaris

Abstracts Bigel. in two Rhode Island freshwater wetlands. Aquatic Botany 22: 335-346.

Hseih, Y. & C. Yang. 1992. A method for quantifying living roots of Spartina (Cordgrass) and Juncus
(Needlerush). Estuaries 15: 414-419.
Pratolongo, P., R. Vicari, P. Kandus, and I. Malvarez. 2005. A new method for evaluating net

Hogeland 1985 Estimated mortality and above- and belowground production Weigert and Evans paired plot method |:| EL D SA M P L | NG
Aquatic Botany

Cahoon 1986 Calculated NAPP by peak standing crop, biomass, leaf litter production, leaf biomass Wiegert and Evans |l n August, 2007, | began monthly field sampling within abolegroufd pnfary Fréducsioh (NAPPIGNScRubUs Yigaftdus (KumtB). WetlaBdd 250298-232.
Ecology consumed by herbivores, and seed biomass consumed by herbivores Pass Splay located in the interior lands of t.he Mississippi Riv_er delta to determineq NAPP using Shew, D., R. Linthurst, and E. Seneca. 1981. Comparison of production computation methods in a
Hsieh 1996 Modified Williams and Murdoch method to reduce its difficulty by eliminating the Williams and Murdoch the quadrat method of Smalley (1959). This effort was to gain a better understanding of total Southeastern North Carolina Spartina alterniflora salt marsh. Estuaries and Coasts 4: 97-109.
Estuaries necessity of monitoring the growth of hundreds of plants to assess population productivity to compare to peak standing crop (PSC) values so often used as a surrogate (best Smalley, A. 1959. The role of two invertebrate populations, Littorina irrorata and Orchelimum fidicinium,
parameters guess) of NAPP. Restoration scientists would then be better informed as to the truer plant growth in the energy flow of a salt marsh ecosystem. Ph.D. Thesis. University of Georgia, Athens. 126 p.
Dame and Kenny 1986 Determined primary production by comparing tall, medium, and short stands of S. Shew et. al.; Smalley on new wetlands. My August start time was near the beginning of the autumn senescent period for Whitbeck, M. and J. Grace. 2006. Evaluation of non-destructive methods for estimating biomass in
Marine Ecology Progress Series alterniflora; Estimated belowground productivity the marsh such that by November the wetlands had completely died with only small amounts of marshes of the upper Texas, USA coast. Wetlands 26: 278-282.
dead plant material remaining that the tides and currents had not removed. Spring plant growth ' ' ' ' ivi iti '
Houghton 1985 Estimated NAPP by combining several destructive methods Combination _ P _ g : _ _ pring p g White, D., E. Weiss, J. 'I_'rapam, anc_l L. Thien. 1978. Productivity and decomposition of the dominant salt
P begins so late in these lands because of the cold river that little new biomass was present before | marsh plant species in Louisiana. Ecology:59:751-759.
uati y : S : . . . .

_ _ _ — . _ _ _ . graduated and could complete a full annual cycle of plant growth. | am now teaching English in Wiegert, R. and C. Evans. 1964. Primary Production and the Disappearance of Dead Vegetation on an
Hall and-Yesakl 1988 Estimated NPP by drying and welghlng four components of the plants (aboveground live, | Total organic material determined by combusting subsamples Japan to local students and will expect to return for graduate school this coming Fall, 2008 likely Old Field in Southeastern Michigan. Ecology 45: 49-63.
Symposium Wetlands/Peatlands aboveground dead, belowground live, belowground dead) within the United States in some field of environmental biology. Both I and my advisor learned a Williams, R. and M. Murdoch. 1972. Compartmental Analysis of the Production of Juncus roemerianus in
Karagatzides and Hutchinson 1991 Compared relative magnitudes of environmental versus genetic influences on the growth | Monthly growth rates calculated by dividing accumulated live shoot mass since the last great deal from this aborted field sampling effort in that we now understand that to gain the best a North Carolina Salt Marsh. Chesapeake Science 13: 69-79.
Journal of Ecology of S. americanus and S. maritimus census by the total hours of aerial exposure in the intervening time period estimate of NAPP on the high marshes the technique of Pratolongo et. al. (2005) should be tried, Windham, L. and R. Lathrop, JR. 1999. Effects of Phragmites australis (common reed) invasion on

articularly on high marshes of the type found in the delta dominated by sedges. ' ' ies i ish ti i i
Dickerman et. al. 1986 Compared seven methods of NAPP estimation techniques: peak biomass, Milner and Tagged shoots, harvest methods, and litterbags P y J yP y J Ebovegrouznzq b;);nass and soll properties in brackish tidal marsh of the Mullica River, New Jersey.
Ecology Hughes, Smalley, and Valiela et. al. (1975) stuaries 22: 927-935.
Morris and Haskin 1990 Estimated NAPP Dickerman et. al. (1986) technique using a census of stem populations
Ecology
Osgood and Zieman 1993 Estimated aerial aboveground primary production Morris and Haskin (1990) method
Estuaries
Cranford et. al. 1989 Evaluated the data comparing the growth, mortality, and loss dynamics of S. alterniflora | Four different methods based on harvesting vegetation or measuring the growth
Estuaries using four different methods for estimating aerial NAPP dynamics of individual shoots
Kaswadji et. al. 1990 Estimated the aboveground production of S. alterniflora using five different methods Peak standing crop, Milner-Hughers, Smalley, Wiegert-Evans, and Lomnicki et. al.
Wetlands Ecology and Management
Dai and Wiegart 1996 Compared NAPP estimated Combination of destructive and nondestructive techniques
Ecology
Wetzel and Pickard 1996 Compared four methods used for estimating secondary production of invertebrates and Summed shoot maximum and aboveground maximum biomass, Allen curve, increment
Aguatic Botany applied them to clonal emergent aquatic macrophytes as a means of estimating standing | summation, and instantaneous growth
crop

NON-DESTRUCTIVE TECHNIQUES

RESEARCHERS YEAR PURPOSE METHOD

Giroux and Bédard 1987 Measured aboveground biomass Double sampling by counting and measuring the numbers of stems contained in
Aquatic Botany guadrants for each plant species then calculated average stem mass and biomass
Giroux and Bédard 1988a Estimated primary production and compared harvest and non-destructive techniques Following vegetation patterns during successive growing seasons in permanent plots

Canadian Journal of Botany

Gross et. al. 1990 Compared biomass Non-destructive qualitative comparisons based on vegetation index values computed

Journal of Coastal Restoration from Landsat, MSS, Landsat TM, and SPOT satellite data

Dai 1998 Estimated NAPP Used a comprehensive canopy productivity model

Dissertation, University of Georgia

Daust and Childers 1998 Estimated NAPP Used phenometric, morphologically-based relationship biomass models for nine species ACKNOWLEDGEMENTS
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Wind 4 Lath 1999 Established the effect of i Ve Ph " ral b 4 bi : Historical aerial bhot rv and alobal bosition . | would like to thank the CREST Scholars program for giving me this opportunity to work within the wetlands
indam and Lathrop stablished the effect of invasive Phragmites australis on aboveground biomass in istorical aerial photography and global positioning systems of coastal Louisiana. | have a much greater appreciation of wetlands and coastal wetland loss issues that

Estuaries marsh communities previously dominated by shortgrass communities

has helped me better understand human impacts. | also want to thank the U.S. Fish and Wildlife Service for

Chabreck et. al. 2000 Estimated richness of the Chenier Plain Surveyed vegetation from a helicopter granting me permission to undertake the field effort on their Delta National Wildlife Refuge and for access to
their Venice station. | would like also thank Dr. David White for encouraging me to undertake this project

Estuaries

_ - - —— - - - - - - and guiding me throughout my studies. Finally, the Department of Biological Sciences at Loyola University
Whitbeck and Grace 2006 Compared two non-destructive techniques for estimation of aboveground biomass Visual obstruction (Robel pole method) and light penetration (Decagon light wand) has been fantastic in supporting all my days while at Loyola even during the difficult times of Hurricane
Wetlands Katrina.
Hogeland and Killingbeck 1985 Estimated total annual production Used tagging to determine plant loss and mortality

Aquatic Botany

Jackson et. al. 1986 Calculated aboveground production Used permanent quadrats, labeled stems and calculated densities using a Poisson
Journal of Ecology distribution
Dai and Wiegart 1996 Estimated NAPP Used strings inserted into plant stems and compared to tagging method and peak

Ecology standing crop method




