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 B U L L E T I N O F T H E T O R R E Y B O T A N I C A L C L U B

 VOL. 108, No. 2, pp. 180-188 APRIL-JUNE, 1981

 Production of dominant emergent vegetation and of
 pool algae on a northern Massachusetts salt marsh'

 Ernest Ruber, Gregory Gillis and Paul A. Montagna

 Biology Department, Northeastern University, Boston, MA 02115

 RUBER, E. (Northeastern Univ., Boston, Mass. 02115), GREGORY GILLIS (Bunker Hill
 Comm. Coll., Charleston, MA 02129) and PAUL A. MONTAGNA (Univ. South Carolina, Co-
 lumbus, SC 29208). Production of dominant emergent vegetation and of pool algae on a
 northern Massachusetts salt marsh. Bull. Torrey Bot. Club 108: 180-188. 1981.-Cover fre-
 quency for the emergent vegetation of three representative sections of a salt marsh is presented.
 Annual production values are calculated using the ash-free dry weights of a series of harvests
 of standing live and dead crops, and estimating export or decomposition losses from the stand-
 ing crops from data on litterbag-losses. Production values are provided for tall and dwarf
 Spartina alterniflora, S. patens, Distichlis spicata, Juncus Gerardi, Salicornia europaea,
 Typha angustifolia and Scirpus olneyi, the last two being based on end-of-season harvests
 only. These species account for from 88 to 96% of the emergent cover of these marsh sections.
 Salt marsh pool production and cover values are obtained and integrated for 8 months of the
 year. Such pools comprise from 0 to 26% of the sections studied. These data provide a baseline
 for studies of energy transfer in this marsh.

 Key words: Salt marsh; Massachusetts; production; cover values; Spartina; Distichlis; Juncus;
 Salicornia.

 Much early salt marsh ecology dealt
 with distributions of plant life types, species
 and socies and the determination of major
 environmental limiting factors (Chapman
 1940; Miller and Egler 1950; Hinde 1954;
 Adams 1963). The description of succes-
 sional patterns was also stressed and con-
 tinues today largely in studies working out
 the mechanisms underlying such patterns
 (Blum 1968) or demonstrating new patterns
 (Ranwell 1974).

 The work of Odum and de la Cruz
 (1967) culminated a series of ecosystem-
 oriented studies by Odum and co-workers
 (referenced in the above cited work). Odum
 and de la Cruz offered evidence for the ex-
 port of particulate detritus from a Georgia
 salt marsh. The presumed importance of
 detrital material to the survival of coastal

 'Work on the Parker River National Wildlife Re-
 fuge was conducted under permits 5-PRR-72-17, 74-
 14, and 78-2. We are grateful to George Gavutis and
 Al Zelley for cooperation. Work in private adjacent
 areas was conducted with kind permission of Mr. and
 Mrs. W. Hopkins. We are grateful for the occasional
 help of a number of others, particularly Alan Bron-
 stein, supported by a Federal work-study grant and
 Elaine Tomlinson supported by the Northeastern Uni-
 versity Cooperative Education Program. Dr. Harold
 Stubbs gave use valuable advice on the statistics.

 Received for publication October 5, 1979.

 fisheries resources led to a number of studies
 evaluating material and energy flow in
 these systems. Among these were plant
 production studies as reviewed by Keefe
 (1972), work on plant decomposition rates
 which have been extended and reviewed by
 Montagna and Ruber (1980) and continued
 attempts to measure materials flux (Murray
 1978, and several papers in Wiley 1976).

 Much of the previous work was done
 south of Cape Cod and tended to interpo-
 late basic data from other areas. Approach-
 ing New England the most integrated work
 was that of Nixon and Oviatt (1973) in
 Rhode Island. Other work stressed special
 phenomena such as pollution effects on
 plant production (Valiella et al. 1975) on
 the south side of Cape Cod or thermal ef-
 fects (Vadas et al. 1976) in Maine. To our
 north we are aware only of the work of
 Vadas and the studies of Hatcher and Mann
 (1975) in Nova Scotia on Spartina alterni-
 flora production.

 We decided that the Parker River Na-
 tional Wildlife Refuge and its adjacent
 marshes offered an opportunity to do an
 integrated study of a northern salt marsh
 ecosystem. Also, we chose to concentrate
 on a more elevated marsh than usual and
 to investigate more intensively the small

 180
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 1981] RUBER, GILLIS AND MONTAGNA: SALT MARSH PRODUCTION 181

 pool communities of the marsh which had
 been hitherto largely ignored. In this paper
 we provide data on cover and production of
 surface and pool plants on this marsh.

 Materials and methods. The marsh is in
 the township of Rowley, Massachusetts.
 Three sections, designated areas A, B and C
 (Fig. 1) were selected for this study because
 their drainage characteristics were definable
 for other portions of our study (Montagna
 and Ruber 1980; Murray 1978; and Bronstein
 and Ruber 1979, presentation before New
 England Estuarine Research Society).

 Plant composition was censused by walk-
 ing a series of transects and lowering a
 point-cover sampling frame (Greig-Smith
 1964) at predetermined intervals of 5 or 15
 m according to the size of the area censused.
 Area A was censused by 8 transects totaling
 82 quadrats, each quadrat having 10 sample
 points. An aerial photograph was used to
 determine the total area, (16,150 mi2) of
 which 26% is occupied by a pool. Area B
 (66,250 m2) was censused by 5 transects (65
 quadrats). Area A and B transects ran on
 North South axes, from upland to upland

 PRNWR
 MERRIMACK

 RIVER

 NEW YPORT
 MASSACHUSETTS

 ROUT IA

 4. ~~~PARKER RIVER

 ARKE NATIONAL

 RIVE - WILDLIFE REFUGE

 -5~~~ 42045'

 I MILE

 lKm

 Fig. 1. The Parker River National Wildlife Refuge
 and adjacent study areas. Study areas A, B and C are
 lettered and stippled for location. D is Stackyard Road.

 this being demarcated by the disappearance
 of Spartina patens and Juncus Gerardi.
 Area C (108,600 m 2) was censused by tran-
 sects from the upland to a series of chan-
 nels, and along a border defining the limits
 of the drainage area of a major marsh chan-
 nel. Seven transects totalling 270 quadrats
 were made.

 Net production of marsh dominants was
 obtained from standing crop harvest and
 decomposition estimates. Standing crop
 was harvested on 5 dates. Eight replicate
 quadrats randomly placed in areas of al-
 most pure stands were harvested. The
 quadrat sizes were for the tall Spartina al-
 terniflora (TSA) ecophene, 0.25 mi2; for
 dwarf S. alterniflora (DSA), Spartina patens
 (SP), Distichlis s?icata (DS) and Juncus
 Gerardi (J) 0.1 m; and for Salicornia eu-
 ropaea (S) 0.04 m2 since available stands of
 the last were much smaller. Despite the
 smaller quadrat sizes, standard errors of the
 mean remained comparable with those
 obtained from the larger quadrat sizes
 (Table 2).

 Typha angustifolia and Scirpus olneyi
 were sampled on only one date, 7 September
 1978, for2peak standing crop. Four quadrats
 of 1.0 m each were clipped for both spe-
 cies. These are important species in fresher
 areas of the marsh, but not in areas A, B or
 C (Table 1). Their data are included here
 only for the record.

 Plants were dried for 48 hours at 60?-
 80?C, weighed and then incinerated for 4
 hrs at 550?C to determine organic content
 (ash-free dry weight). Estimates of losses
 to decomposition and export were ob-
 tained by placing numbers of 5 mm mesh
 plastic litterbags, with known amounts of
 S. alterniflora, at different marsh sites and
 collecting, drying and weighing the resid-
 uals after different intervals (details in
 Montagna and Ruber 1980).

 Production and decomposition values
 were integrated using the rationale which
 was summarized and extended by Kirby and
 Gosselink (1974). In this scheme an attempt
 is made to assess changes in live, and dead
 standing crop, together with losses to de-
 composition, export and herbivory thus:

 P= Z[AL?+ (AD+ E+ De)]+ H
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 Table 1. Percent cover of three sections of salt marsh by emergent plants and topographic features.

 Species or featurea Area A Area B Area C

 Spartina alterniflora
 Tall Xb - 4.9 7.0
 Intermediate 9.9 * .6
 Dwarf X 6.4 16.0 24.9

 Spartina patens X 25.5 19.9 45.6
 Distichlis spicata X 17.2 29.4 8.8
 Juncus Gerardi X 3.3 12.1 .4
 Salicornia europaea X 1.2 2.8 .5
 Pools X 26.0 - 7.9

 Atriplex patula .1 1.4 .3
 Iva frutescens 1.7 1.4 .3
 Limonium Nashii .3 * .1
 Solidago sempervirens .7 3.5 *
 Spergularia marina *# * *
 Suaeda maritima .3 *
 Triglochin maritimum .1 * .3

 Elymus virginicus - .6 -
 Festuca rubra - .3 .1
 Juncus effusus * 1.2 -
 Panicum virgatum 1.8 *
 Polygonum sp. - .3
 Spartina pectinata - .5
 Teucrium canadense - 1.4
 Typha angustifolia X .8 - *

 Bare ground 3.2 .9 .5
 Channels 1.8 3.1 2.7

 a The first 8 categories comprise 88-96% of the cover, the next 7 are common but sparse; and the following 8
 are mainly brackish-water or upland edge forms.

 bX = we have production data for the category.
 c * = present but not in sample quadrats.

 where P is net primary production in gms.
 ash-free dry-weight m- yr-1, L and D are
 the changes in live and dead standing crops,
 E and De are export and decomposition, re-
 spectively, all measured at chosen intervals
 during the growing season and summed.
 The term in parenthesis (AD + E + De) is
 ignored if it is negative under the assump-
 tion that the predicted export and decom-
 position loss is already incorporated in the
 larger loss of dead standing crop. There are
 generally no salt marsh data for herbivory
 (H) except those of Smalley (1959) from
 Georgia. We use his data which place her-
 bivory at about 7% of primary production.

 Salt marsh pool production was mea-
 sured by use of light and dark bell-jars
 (Pomeroy 1959) with changes in dissolved
 oxygen measured by the azide modification
 of the Winkler technique (Anon. 1965). One
 pool was studied intensively with mea-
 surements made from April through No-
 vember. Replicate jars were set up contain-

 ing a section of floating algal mat (fm) of
 the same area as the jar (641 cm2); the bot-
 tom was covered by a polyethylene sheet to
 exclude contributions from benthic species.
 It was assumed that plankton productivity
 is negligible beneath the floating mat since
 these mats range from 5-25 cm in thickness.
 Plankton productivity was obtained from
 jars (pl) with both the floating mat and the
 benthic contributions excluded (pl). Ben-
 thic contributions were obtained from jars
 overlying the benthic algal mats, excluding
 floating mats, but including plankton (bm).
 Thus, the monthly production rates (P) for
 the separate producer compartments are:

 Pfm = (Pfm C)- (NRfm * C)
 Ppl = Pp1 (1 - C) - NRp1

 Pbm = (Pbm - Ppi) (1 - C) - (NRbm -NRp)

 and p represents the mean net daily rates of
 production (mg 02 m2 day-) of each bell-
 jar type, multiplied by 30 or 31 to get
 monthly rates. C is the mean percentage of
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 1981] RUBER, GILLIS AND MONTAGNA: SALT MARSH PRODUCTION 183

 Table 2. Standing crop data, dominant species.a

 Speciesb 19 Apr. 28 June 29 July 22 Aug. 30 Dec.C

 TSAe live 0 549 ? 114 1190 ? 122 695 ? 64 0
 dead 0 66 ? 21 0 318 ? 46 237 ? 24
 pred. 316

 DSA live 0 300 ? 15 408 ? 19 339 ? 25 0
 dead 367 ? 21 314 ? 19 252 ? 20 226 ? 32 378 ? 42
 pred. 264

 SP live 0 335 ? 28 452 ? 72 555 ? 46 0
 dead 747 ? 37 677 ? 54 502 ? 97 760 ? 79 529 ? 102
 pred. 953

 DS live 0 299 ? 28 463 ? 30 381 50 0
 dead 370 ? 19 664 ? 42 467 ? 65 475 29 523 ? 48
 pred. 401

 JG live f 323 ? 48 293 ? 24 236 60 0
 dead 240 ? 37 187 ? 44 198 ? 22 271 27 355 ? 16
 pred. 321

 SE live 0 124 ? 15 189 ? 32 207 26 0
 dead 142 ? 21 57 ? 20 47 ? 9 38 9 134 ? 11
 pred. 158

 aMean ? ISEM, gms. ash-free dry-weight m-2.
 bTSA, DSA: tall and dwarf Spartina alterniflora; SP: S. patens; DS: Distichlis spicata; JG: Juncus Gerardi;

 SE: Salicornia europea.
 'Presence of ice on this date resulted in incomplete collections and underestimates of all but JG and DS.
 d Predicted dead standing crop based on data of 22 Aug. and Table 3.
 eTSA, DSA and SE production was done in Area C and SP, DS and JG production in Area B.
 'Traces of growth evident; less than 5 gms.

 cover of the pond by floating algal mats
 during the month and NR is the mean
 nighttime respiration for the appropriate
 bell-jar, also multiplied by 30 or 31.

 Measurements of production and respi-
 ration were made on 11 dates spread among
 the months of June through October, and
 respiration was also measured once in No-
 vember and once in January. Percent cover
 of the floating mat was measured on all
 these dates and several others as well. Peri-
 ods for which no measurements were taken
 have been extrapolated from those closest
 in time for which production data were
 taken and those closest in time and in
 temperature for respiration. Since the pool
 was frozen and snow covered for much of
 the period, the months of December through
 March were not included. The 8 monthly
 rates thus calculated by the equations
 above were summed to yield annual produc-
 tion.

 Results. The same five plant species ac-
 count for 88, 85 and 96% of the total ground
 cover in Areas A, B and C. If pool habitat

 is included as producer type then the six
 types account for 90, 88, and 96% of total
 marsh area (Table 1).

 Mean elevation decreases slightly from
 Area A to C as evidenced by proportional
 increases in Spartina alterniflora, especially
 its tall form which only occurs lower than
 from 5-10 cm below mean high tide
 (Chapman 1940; Miller and Egler 1950).

 The mean values and standard errors for
 live and dead standing crops for each of the
 dominants on 5 dates are given in Table 2.
 Tall Spartina alterniflora has the greatest
 live standing crop, followed by S. patens,
 Distichlis spicata, dwarf S. alterniflora,
 Juncus Gerardi and Salicornia europaea.
 S. patens supports the greatest combined
 standing crop due partly to slow decompo-
 sition (Blum 1968) and partly to its high
 rate of production while Juncus and Sali-
 cornia have the lowest standing crops.

 The values of 30 Dec. are somewhat low
 because ice interfered with collections of all
 except Distichlis and Juncus. The values of
 19 April actually represent the end of the
 cycle but are used to estimate the probable
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 dead cover at the beginning of the cycle as
 well. No growth appeared by 19 April ex-
 cept a trace of Juncus (which also reaches
 its peak live standing crop earliest, and
 seeds earliest). The other species first show
 emergent growth near the beginning of
 May. Spartina patens and Salicornia reached
 their peak live standing crops latest (22
 Aug.). S. patens maintained patches of ap-
 parently live culms under frosted dead
 cover as late as 30 Dec. The late peak
 standing crop of S. patens may be due to its
 maintenance of a large dead mat which
 keeps the soil cold underneath and which
 also makes it a difficult species to invade
 and displace (Blum 1968). The late peak of
 Salicornia is probably due in part to the
 fact that we sampled high panne and drift-
 line populations, such distributions being
 characteristic of this marsh. Water-edge Sa-
 licornia appears to peak earlier and to
 grow larger but we lack data on this. Our
 observations suggest that Salicornia spp
 are more important on the sandy Cape Cod
 marshes than they are at Parker River.

 As part of our calculations of emergent
 production we estimate the amount of dead
 material expected to be lost to export or
 decomposition during a sampling interval.
 This estimate is made from the rates of loss
 of dwarf S. alterniflora dry-weight from lit-
 terbags which were originally placed in
 September, and sampled for two years.
 Table 3 gives the loss data averaged from
 replicate samples at 4 locations after differ-
 ent times have elapsed (details in Montagna
 and Ruber 1980). The most useful rates to
 our calculations are the interpolated rates

 for 19 April-28 June (15.8%), 1 May-28 June
 (14.3%), 28 June-29 July (16.7%), 28 June-22
 Aug. (23.5%), 29 July-22 Aug. (12.6%), 1
 Sept.-19 April (43%), and 1 Sept.-19 April
 after the lapse of an additional year (85%).

 The last two values (43% and 85%) are
 used to predict the remaining standing crop
 on 19 April from cumulative losses of 2
 years based on the crops of 22 Aug. (Table
 2). The comparisons of observed with ex-
 pected standing crop show differences of
 from 10-30%, not surprising considering the
 variables of time, site and species. Except
 for dwarf S. alterniflora the 19 April dead
 standing crops were lower than predicted,
 probably because the protection of the litter-
 bags in the field experiments reduced losses
 below what would normally occur free on
 the marsh. Predicted values for the April
 dead standing crop of tall S. alterniflora
 are given but were not relevant to actual
 events since ice sheared-off all of this eco-
 phene to almost mean high tide levels,
 where it grades into the intermediate sized
 form. The December data were not used be-
 cause the presence of ice made us doubt the
 completeness of collection.

 A sample calculation of annual net
 primary production is shown for Distichlis
 spicata (Table 4), yielding a value of 898
 gms. ash-free dry weight m 2 yr ' or assum-
 ing a 4.65 kcal to gm. conversion (Gabriel
 and de la Cruz 1974) 4176 kcal m-2 yr-'.
 The value for loss to export or decomposi-
 tion during an interval is obtained by (D. +
 D. + 1)/2. (loss rate from Table 3). In this
 way the other productivities were calcu-
 lated, and are presented in Table 7.

 Table 3. Losses of dwarf Spartina alterniflora dry-weight from litterbags collected from the field for a 19-
 month period.a

 Month S 0 N D J F M

 Months elapsed 0 1 2 3 4 5 6
 % remaining 100 82 70 64 62 60 58
 % loss rateb 18.0 9.8 8.6 3.2 3.2 3.3

 Month A M J J A S... M

 Months elapsed 7 8 9 10 11 12 19
 % remaining 56 54 48 42 35 28 15
 % loss rateb 3.4 3.6 11.1 12.5 16.7 20.0 46.0

 aDetails in Montagna and Ruber 1980.
 b Normalized % rate beginning with the previous month in the table.
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 Table 4. Production calculations for Distichlis spicata.

 Date Live (L) AL Dead (D) AD De + Ea H SUM

 19 April 0 299 370 294 82 675
 28 June 299 164 664 -197 94 164
 29 July 463 -82 467 8 59 0
 22 August 381 -381 475 120 334 0
 30 December 0 355

 839
 Yearly gms ash-free dry weight m-2 yr- 59b 59

 898

 a Litterbag estimates from rates in Table 3, assuming rates of decomposition for dwarf S. alterniflora can be
 extrapolated to other species. Rates of production ignoring this factor can be found in Table 7.

 bLosses to herbivores assumed to be 7% of annual crop (Smalley 1959).

 Production in pools is calculated in
 Table 5 in which the monthly production
 of each sub-community is given and
 summed. Table values are in grams 02 m-2
 and are converted to a value comparable
 with that of the emergents by:

 gins 02 3
 32

 1.2 - gms ash-free dry weight

 where 30/32 converts to molecular weight
 of CH20 and the photosynthetic quotient
 of 1.2 is assumed (Strickland and Parsons
 1960). Thus the value of 514 gms. ash-free
 dry-weight m2 yrV' (or about 2500 Kcals) is
 obtained. Plankton algae (dominated by
 diatoms and dinoflagellates) contributed
 the most because of their consistency. The
 production from the floating mat (mainly

 Cladophora sp.) was very great, but limited
 by the variable proportion of cover by this
 form (Table 5, Column C). Spring high
 tides sometimes sweep these mats com-
 pletely out of a pool leaving the Clado-
 phora stranded, to die and slowly decom-
 pose, among the nearby grasses. The
 benthic mat was dominated by blue-greens
 which showed the greatest potential for
 production in the warmest months, but
 which were limited by shading from the
 floating mat cover. Emergent and pool
 production values are integrated with per-
 centage cover so that the weighted produc-
 tion for each area can be calculated (Table
 6). We obtain for areas A, B and C, the
 values 614 ? 78, 642 ? 38 and 706 ? 65

 gms ash-free dry weight m-2 yr respec-
 tively. While these differences are not sta-

 Table 5. Net primary production of three pool communities.a

 Total

 Plankton Floating Mat Benthic Mat Total Total 24 hr.
 Month DNpb NRc DNP NR Cd DNP NR DNP NR NP

 April 81.7 6.4 1.7 0.3 3 34.0 12.7 117.4 19.4 98.0
 May 81.8 14.6 3.5 0.7 6 34.0 13.4 119.3 28.7 90.6
 June 101.7 16.0 2.9 0.7 5 33.3 16.9 137.9 33.6 104.3
 July 33.4 28.0 95.2 9.7 42 39.3 11.9 167.9 49.6 118.3
 Aug. 30.5 26.2 55.4 9.7 31 91.0 17.8 176.9 53.7 123.2
 Sept. 34.6 43.3 50.6 21.4 42 13.7 18.9 98.9 83.6 15.3
 Oct. 51.2 12.1 21.1 3.3 17 29.3 5.5 101.6 20.9 80.7
 Nov. 14.2 oe - - 0 13.3 oe 27.5 27.5

 Total 429.1 146.6 230.4 45.8 287.9 97.1 947.4 289.5 657.9

 -~~~~~-
 aGrams 02 m2.
 b Daytime net production for the month.
 c Night respiration for the month.
 d% area of pond covered by the floating mat.
 e Probably not zero but not measureable over a period of several hours.
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 Table 6. Net primary production of three marsh areas.

 Production Area A Area B Area C
 Species' pb CC pCd c PC c PC

 TSA 1256 0.0 0 4.9 62 7.0 88
 DSA 408 6.4 26 16.0 65 24.9 102
 SP 813 25.5 207 19.9 162 45.6 371
 DS 757 17.2 130 29.4 223 8.8 67
 JG 339 3.3 11 12.1 41 0.4 1
 SE 207 1.2 2 2.8 6 0.5 1
 Pools 514 26.0 134 0.0 0 8.3 43

 79.6 510 85.1 559 95.5 673
 Others 20.4 104e 14.9 83 4.5 33

 614 642 706
 (78)' (38) (65)

 a Species abbreviations keyed in footnote to Table 2.
 b Production in gms. ash-free dry weight m-2 yr-'.
 c Percent relative cover values.
 d Relative production weighted according to cover.
 'Production of other species assumed proportional to dominants.
 '1 Standard error of mean, extrapolated from errors of the dominants.

 tistically significant, the totals are actually
 built out of very different distributions and
 productivities of the dominants and we feel
 that the increase has a real basis.

 Discussion. The Rowley Marsh is flo-
 ristically impoverished even beyond most
 salt marshes; many forbs common to other
 marshes in the region are missing. The
 marsh is quite mature, with little tall S. al-
 terniflora, and has a long history of human
 use in haying and in mosquito control in
 the course of which many drainage chan-
 nels were dug and numbers of circular
 ponds were created by explosions. These
 activities have largely stopped but their ef-
 fects remain. Successional events combined
 with sub-habitats eliminated by human ac-
 tions possibly have resulted in this loss of
 minor species.

 Our values for the production of tall S.
 alterniflora fall close to those of Squiers
 and Good (1974) for New Jersey and Wass
 and Wright (as cited in Keefe 1972) for
 Virginia, are considerably below (less than
 half) those of Odum and Fanning (1973) in
 Georgia, and considerably above those of
 Hatcher and Mann (1975) in Nova Scotia.
 Production of the dwarf ecophene of S. al-
 terniflora is about 20% lower than N.J.
 (Squiers and Good 1974). The production
 of S. patens and D. spicata is considerably

 above previous N.J. and Virginia values. It
 should be noted that assumptions regarding
 losses to decomposition and or export play
 a large role in this and that calculations of
 decomposition for various plants based on
 experiments with dwarf S. alterniflora may
 not be valid. Consequently, we have omitted
 these calculations in the data used for
 Table 6, and have presented the production
 data calculated from several assumptions

 in Table 7. Our values for J. Gerardi are
 nearly twice those for above ground pro-
 duction in the Baltic meadows (Tyler
 1971). We have not found sources to com-
 pare with our values for Salicornia euro-
 paea, Typha angustifolia or Scirpus olneyi.

 Within our sample intervals we have
 not treated the figures as though changes
 were on a continuum. Our observations
 suggest that export, if it occurs, is likely to
 be tied to peak tidal events. On the dry
 high-marsh areas, decomposition rates are
 probably at their highest after such tides as
 well, and therefore, abrupt rate changes are
 likely to occur.

 Net pool production of 514 gms. ash-
 free dry-weight m-2 yr-' (193 gms. carbon)
 is quite comparable with Pomeroy's (1959)
 180 gms. C in Georgia on intertidal mud-
 flats and Gallagher and Daiber's (1974)
 values of 160 gms. C on marsh surfaces in
 Delaware but exceed considerably Leach's
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 1981] RUBER, GILLIS AND MONTAGNA: SALT MARSH PRODUCTION 187

 (1970) values of 62 gms. C on a British in-
 tertidal mudflat.

 Hatcher and Mann (1975) did not find
 evidence of latitudinal difference in overall
 marsh production. Mendelssohn and Mar-
 cellus (1976), finding distinct variation
 within a relatively small area in Virginia,
 suggested salinity, nitrogen and phospho-
 rus as likely limiting factors while Nixon
 and Oviatt (1973) in Rhode Island found
 ammonia nitrogen significantly correlated
 with standing crop. Proximity to tidal
 water affects S. patens growth (Blum 1968)
 and S. alterniflora shows similar patterns
 in its ecophenes.

 Our values for 3 areas fall within the
 range reviewed by Keefe (1972), and by
 Mendelssohn and Marcellus (1976). The
 values reported, however, have a very
 broad range, production being affected by
 numerous variables cited above. The de-
 velopment of an energy budget for a marsh
 requires adequate on-site studies rather
 than a recourse to the literature.
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 Speciesa Alone Exportd
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 JG 323 339 381 407
 (48) (59) (69) (75)
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 (31)

 a Abbreviation keys in footnote Table 2.
 bUsing only peak live standing crop to calculate this column and adding a factor at a time to calculate the

 next three columns.
 'These values are used in Table 6.
 dWe assume for the purposes of this calculation that decomposition values obtained for drawf S. alternif lora

 can be extrapolated to the other species.
 'Using Smalley's value of 7% and assi ninr an SEM of 3%.
 'Values in gms ash-free dry-weight m yr .
 gValues in parentheses are 1 Standard Error of Mean.
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