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A Commercial Sampling Program for Sandworms, 
Nereis virens Sars, and Bloodworms, Glycera dibranchiata Ehlers, 

Harvested Along the Maine Coast 

EDWIN P CREASER, JR.,' DAVID A. CLIFFORD,2 
MICHAEL 1. HOGAN,) and DAVID B. SAMPSON' 

ABSTRACT 

Brief discussions of the history and development of the marine worm fisheries for bloo(h'orms, Glycera 
dibranchiata, a nd sandworms, Nereis "irens, the methods of digging both species, the packing media used in 
their shipment, and the various marine worm markets , are presented. 

The status of the commercial marine worm fishery between April and September 1973-76 "as investi­
gated. A sampling program for b loodworms and sandworms revealed that there was no significant difference 
in the mean size of blood worms (I8.72±0.60-20.83±0.54cm) and sandworms (25.69±OA2-26.77±0.53 em) 
harvested. Marine worm diggers avoid picking up potential spawning sand" orms during the month, of 
March, Apri l, and May and bloodworms during the month of May. During August and September, potential 
sandworm spawners comprise 15.6-38.3% of the commercial catch; during April, potential bloodworm 
spawners comprise 7.33-13.58% of the commercial catch. Sandworm spawners were found coastwide but 
bloodworm spawners were never collected east of the Taunton River (Sullivan, Maine). Approximatel) 8% of 
the sandworms and 5-7% of the bloodworms had regenerated tails and approximatel) 19-23% of the sand­
worms and 12-13% of the bloodworms were broken. 

The use of probability sampling expansions has enabled us to estimate that sand"orm diggers dug a total of 
45 ,746-66,004 hours/sampling season during a total of23,402-31,587 tides/sampling season and landed a total 
catch of 307,426-409,189 pounds. Bloodworm diggers dug a total of 89,691-177,909 hours/sampling season 
during a total of 30,545-62,339 tides/sampling season and landed a total catch of 109,936-206,577 pounds. 

It cannot be conclusively stated that sandworm and bloodworm abundance changed significantl) between 
1973 and 1976 . Ratio estimates of the numbers of marine worms dug/digger tide varied bet"een 
1 ,024 ± 60-1 ,184 ±38 (sand worms) and 536 ± 36-662 ±26 (bloodworms). 

The 6-month mean value/tide and value/hour varied between $27.97-$40.30 and $14.34--$19.15, respec­
tively (sandworms), and $27.97-$31.59 and $10.11-$11.00, respectively (bloodworms). 

A significant difference exists in the length-weight relationships for sand worms and hloodworm' from 
eastern Maine and the Sheepscot River. This observation may result from the fact that blood"orm spawners 
are rare in eastern Maine and bloodworms may substitute an increase in weight for the production of gametes. 
No explanation for this observ . tion in sand worms can presently be given. 

The numbers of bloodworms and sandworms per pound were calculated from mean length and length­
weight data. Although the mean number of bloodworms per pound decreased during the 4-year sampling 
period, the decrease was not significant at 95% confidence limits (1.96 SE). No significant chang.s in the mean 
number of sand worms per pound were recorded during the same period. 

The MSY (maximum sustainable yield) for the fisher) was obtained with approximatel) 815 bloodworm 
diggers, 386 sandworm diggers, and 99 diggers who dug both species. OSY (optimal sustainable )ield) "as 
approximately 564-689 bloodworm diggers , 267-327 sandworm diggers, and 69-84 diggers who dug both spe­
cies. Very rough quotas of28-33 million bloodworms, and 26-30 million sandworms are associated with these 
OS\' figures . 

The overall average frequencies of bloodworm and sandworm digging (expressed as the number of low tide 
periods occurring since the last low tide dug) were 5.3 and 3.4, respectivel). The number. of )ean of digginll 
experience recorded for bloodworm and sandworm diggers show that worm digging is frequentl) a ,hort-li,ed 
work experience, 35-51 % of the bloodworm diggers and 22-34% of the sand"orm diggers haH dug bet "een 1 
and 4 years. The mean age of bloodworm and sand worm diggers nried bet" een 27.7 and 31. 9. The ,ast major­
it) of both bloodworm and sandworm diggers are male. 

INTRODUCTION 

:Wo species of Annelid worms are harvested for bait in Maine: 
sandworm or c1amworm, Nereis I'irells , and the bloodworm or 
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coasts. Although the fishery grew rapidly during the 30 yr prior to 
1976 and developed into one of the top five commercial fisheries 
(landed value) in Maine, it was not until the advent of the State­
Federal aid program (P.L. 88-309) that the State obtained funding 
to collect detailed catch, effort, and catch per effort data for the 

fishery. 

DISTRIBUTION 

The sand worm was first recorded as Nereis grandis from the mud 
flats of Grand Manan Island, New Brunswick, Canada, in the Bay 
of Fundy by Stimpson (1854). Nereis grandis was identified at 
Eastport, Maine, by Verrill (1871). Webster and Benedict (1887) 
reported Nereis virens as being very common in mud and sandy 
mud during low water in the vicinity of Eastport. Nereis virens has 
been reported from the western Atlantic along the U.S. coast from 
Virginia to Maine and in Canada from New Brunswick, Nova Sco­
tia, the Gulf ofthe St. Lawrence, Newfoundland (Pettibone 1963), 
and Labrador (Miner 1950). It has been reported from the eastern 
Atlantic to Iceland and Ireland and in the North Sea to France. It IS 

also found in Norway (Pettibone 1963) and in the White Sea of 
Russia (Sveshnikov 1955). 

The bloodworm was first recorded as Rhynchobolus dibranchi­
ala from Eastport, Maine, by Verrill (1874). Glycera dibranchiata 
has been reported from Prince Edward Island (MacPhail 1954), the 
Gulf of the St. Lawrence, Nova Scotia, and New Brunswick south 
through Maine, New Hampshire, Massachusetts, Rhode Island, 
Delaware, Maryland, Virginia, and North Carolina to Florida (Pet­
tibone 1963) and the West Indies (Hartman 1944). In the Gulf of 
Mexico it is found from Florida to Texas (Pettibone 1963) and on 
the Pacific coast from Mazatlan, Mexico (Hartman 1950), north 
including Lower California (Pettibone 1963) to San Mateo County, 
Calif. (Hartman 1950). 

HABITAT (SANDWORMS) 

The sand worm is especially common in sheltered flats bordering 
the mouths of rivers, estuaries, and sounds (Pettibone 1963). 
Although sandworms can be found throughout the intertidal zone, 
they are commercially abundant in the coarse and fine muddy sands 
near the low water mark. Ganaros4 reported that in the early 1940's, 
commercial sand worm diggers recalled that they could collect 
worms of commercial quality and quantity close to shore, thus sug­
gesting that sand worms may have become depleted in the upper 
intertidal zone. In addition to being found in coarse and fine muddy 
sand, sand worms are often found under cobbles and large rocks 
along the shore, jetties, and piers, in marsh thatch, under or near 
mussel beds, in gravelly sand and clay, in water soaked wood, and 
among the roots of decaying marsh grass and eelgrass (Pettibone 
1963). Crowder (1923) reported that young sandworms have been 
found in old sea shells and within the fronds of Ulva. At certain 
times of the year, sandworms of all sizes can be found swimming 
free in the river channels (Dean 1978a; Graham5). They have also 
been dredged to a depth of 154 m (Pettibone 1963). 

In soft mud, the sandworm burrows to depths of 7-45 cm with 
the largest specimens usually found at the greatest depths (Petti-

4Ganaros, A. 1951 Commercial worm digging. Maine Dep. Sea Shore Fish . 
Bull., Augusta, 6 p. 

5J J Graham, Marine resources sc ientist , Maine Department of Marine 
Resources Research Laboratory, West Boothbay Harbor, ME 04575, pers. commun. 
June 1974 . 

bone 1963) . Commercial sandworm diggers first remove the top 13 
cm of soft mud and then dig down about 25 cm farther to reach 
these commercial quantities of large worms (Glidden6

). In certain 
types of mud, the burrows are well defined on the mud surface and 
aid the diggers in locating areas of high concentration (Fairser­
vice7). The burrows themselves are lined with an adhesive mucus 
that binds the walls (Crowder 1923). Several burrows often inter­
sect so that any burrow may have several openings. The rhythmic 
undulations of the sandworm create a current of water through the 
burrow which supplies the worms' respiratory needs. The current 
of oxygen-rich water also results in the formation of a visible red 
iron oxide residue in the sediment immediately adjacent to the bur­

row (Pedrick8). 

Brafield9 has indicated that the water and intertidal salinity 
encountered by the Southend, England, sand worm population var­
ied between 28 and 32%0 and 27.5 and 31.5%0, respectively, and 
the water temperature varied between 3.2 °C (January) and 22.5 °C 
(August). Gosner (1971) reported that sand worms are capable of 
withstanding salinity as low as 10%0 and Mazurkiewicz 'o found the 
lower salinity tolerance of sand worms to be 5%0' During a study of 
the sand worm population at Wiscasset, Maine (Creaser and Clif­
ford"), the surface water salinity varied between 17 .3 and 28.9%0 
and the surface river temperature varied between ~ 1.4 ° and 
15.3 °C. The bottom river salinity varied between 23.8 and 29 .3%0 
and bottom river temperature varied between _1.2° and 14.3°C. 
The interstitial mud temperature for this area varied between 
+0.3° and 15.6°C. The range of temperatures recorded for the 
sandworm population at Brandy Cove, New Brunswick (Snow 
1972) , are very similar to those recorded above for the Wiscasset 
studies. More recent salinity and temperature studies (Creaser et 
al. 12) at the site of the Wiscasset sand worm work, have yielded sur­
face and bottom salinities ranging between 9.7 and 30.8%0 and 
10 .0 and 31.6%0, respectively, and surface and bottom tempera­
tures ranging between -1.3° and 20.1 °C and -1.6° and 19.7°C, 
respectively. 

The complete analysis of sediments from coastwide marine 
worm growing areas is lacking. Pedrick (footnote 8), however, ana­
lyzed the sand worm sediment within DMR's closed marine worm 
conservation area at Wiscasset, Maine, for a numberof parameters . 
The results, presented in Table 1, demonstrate that the sediment in 
the closed area is primarily a silty clay and the concentrations of the 
seven heavy metals tested decrease with depth. 

6Glidden, P E. 1951. Three commercially important polychaete marine worms 
from Maine: Nereis (Neallthas) I'irens, Glvcera dibranchiala, G/ycera americana. 
A report to the Maine Department of Sea and Shore Fisheries, Augusta, 4 p. 

7S. Fairservice , marine worm digger. Wiscasset, ME 04578, pers. commun. 
March 1977 . 

8R. A. Pedrick, Coordinator, Environmental Impact Statements, Nat!. Mar. Fish. 
Ser., NOAA, Wash., DC 20230, pers. commun. April 1976. 

9A. E. Brafield, Queen Elizabeth College, London, England, pers. commun. July 
1968 . 

10M. Mazurkiewicz, Assistant Professor. University of Maine, Portland. ME 
04103, pers. commun. June 1977. 

IICreaser, E. P, and D. A. Clifford. 1981. Life hi story studies on the sandworm , 
Nereis I'irens Sars, in the Sheepscot estuary, Maine. Maine Dep. Mar. Res. Lab . 
Res . Ref. Doc. 81116, 37 p. 

12Creaser, E. P, Jr. , D. C. Clifford, and M. J. Hogan . 1978 . Hydrographic data 
report Part II. Salinity and temperature data obtained from simultaneous stations at 
Bluff Head and Long Ledge (Montsweag Bay, Maine) and the Wiscasset Bridge 
(Wiscasset, Maine) 1970-1976. Maine Dep. Mar. Res. Lab . Res. Ref. Doc . 78112, 
167 p. 



Table I.-Size and heavy metals analysis of sediment from tbe bloodworm and sand worm producing port ion; of tbe marine worm 

conservation area at Wiscasset , Maine. 

Sandworms Bloodworrm 

Subsample depth in co re (cm) 0 .0-3.0 cm 3.5- 15.5 15 .5- 19.0 19.0-25.5 0.0-45 45-80 12.5 170 180 23 5 

Gravel (>2.0 mm) (%) 0 .32 
Sa nd (2.0- 0 .063 mm) (%) 9.52 
Silt (0 .063- 0.004 mm) (%) 49.18 
Clay «0.004 mm)(%) 40.99 

0 .65 
11 .24 
54.95 
33. 16 

0.3 1 
10 .72 
56.30 
32.67 

Subsample depth in co re (cm) 0.4 

Copper (ppm dry weight) 24.5 
Z inc (ppm dry weight) 2 12 
Manganese (ppm dry weight) 347 
Chromium (ppm dry weight) 57.8 
Cobalt (ppm dry weight) 18.4 
Nickel (ppm dry weight) 37.0 
Iron (%) 3.6 
Organic ca rbon (%) 2.27 

HABITAT (BLOODWORMS) 

The bloodworm is a relatively common inhabitant of intertidal 
flats bordering brackish waters and tidal estuaries (Pettibone 1963). 
Bloodworm diggers generally share the opinion that bloodworms 
are found in greatest abundance around freshwater streams that 
empty into coves (Ganaros footnote 4). Under many circum­
stances, areas affected by considerable quantities of freshwater run­
off may be occupied by blood worms and not by sand worms and 
clams (Dow and Wallace ; 13 Pettibone 1963) . Although blood­
worms are commonly found in soft organically rich muds (Klawe 
and Dickie 1957) , the mud is usually more compact than that found 
in commercial sandworm digging areas (Ganaros footnote 4) . 
Klawe and Dickie (1957) believed that a relationship exists 
between soil type and abundance; a continuous increase in abun­
dance exists in the following series of sediment types: sand, hard 
clay, dark sand , sand and mud , and soft mud . Sanders et al. (1962) , 
on the other hand , reported that in Barnstable Harbor, Mass ., the 
largest numbers of blood worms were found at sandy stations. 
Andrews (1892) has recorded bloodworms as inhabiting shoals in 
the Beaufort, N. C ., area. In the same area, Adams and Angelovic 
(1970) described the bloodworm as one of the dominant species of 
infauna in estuarine eelgrass beds . At certain times of the year, 
blood worms containing immature gametes can be found swimming 
free in some bays, harbors , and river channels (Graham and Creaser 
1978 ; Dean 1978b). They have also been dredged in water up to 
approximately 400 m deep on bottoms of sand , mud , mud mixed 
with gravel, rocks, and particularly in mud rich in detritus (Petti­
bone 1963). 

Bloodworms are dug commerciall y from the mud at depths up to 
25 cm (Pettibone 1963). Commerical bloodworm concentrations 
are usually not as dense as commercial sandworm concentrations 
(Ganaros footnote 4). 

Worm holes are not characteristic of a bloodworm flat (Ganaros 
footnote 4). However, evidence for the passage of oxygenated 
water through the burrows is revealed by the presence of a layer of 
li g hte r colored oxidized sedim e nts around each burrov. 
(Mangum;l. Pedrick 1978). 

1300\\. R . L.. and O. E. Wallace. 1955 . Manne worm management and con,e]'\3' 
tion . ~Iaine Oep. Sea Shore Fish .. Fish . eire. 16.9 p. 

14C. P. Mangum. ssociate Professor. COllege of WIlham and Mar). William, · 
burg. VA 23185. reT>. commun . Ma) 19n . 
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Sediment s ize 

0.36 
8.73 

58.53 
32.39 

0.02 
9.66 

75.77 
14 .55 

Heavy metals 

12- 16 

18 .4 
169.3 
323.2 

43.9 
15.4 
30.7 

3.2 
2. 19 

0.06 
6.54 

63 .60 
29.79 

0.10 
7.23 

61.46 
31.21 

0- 4 

17.3 
151 
266 
36.7 
10 .9 
37.7 
29 
2.27 

0.22 
6.62 

5925 
33.92 

12 16 

16 'J 
13H S 

277 8 

39.3 
140 
307 
28 
2.1 

During a study of the bloodworm popu lation at Wiscasset, Maine 
(C reaser 1973) , the surface water salini ty varied between 10 4 and 
30.2%0 and the surface river temperature vaned between 1 2 ' 
and 20.3°C. The bottom river salinity varied between ISland 
30 .5%0 and bottom temperature varied between - 0.6 ° and 
19 .0 °C. The interstitial mud temperature for this same area varied 
between 0.8° and 16.7°C. The results of more recent salinity and 
temperature studies from this same area (Creaser et al footnote 12) 
have already been reported under sand worm habitat. 

Bloodworm sediments within DMR's closed marine worm con­
servation area at Wiscasset were also analyzed by Pednck (footnnt..: 
8). The results of size and heavy metals analysis of bloodworm \l:d­
iments are presented in Table 1. The physical properties of Ihe s..:di­
ment taken approximately halfway between the bloodworm and 
sand worm producing portions of the flat are recorded in Tabl..: 2. ,\ 
more detailed analysis of marine worm sedIment siLe from v., Iscas­
set and other areas along the Maine coast IS available from D{\IR 
files . 

Table 2.-Physical properties of the sediment taken appro\imatti) half" il) 

between the bloodworm and sand worm producing portion of the cJo,cd cun'tr­

vat ion area at Wiscasset, Maine. 

Sub,ample depth tn lOre l.n') 

Property 

Wet unJl weight (g/cm 3) 

Speci fic gravlt} of soltds 
Water content (% dry weIght) 

Void ratio 

Saturated VOId ratio 

Porosity (%) 

o 6.5 

1.42 
262 

110. 10 
2 883 
2 88~ 

742 

65 IR 

I -IX 
200 

'JU 04 

2 137 
2 ,17 
70 [) 

ISubsampltng depths determined b) X-raj dlftmcllon techntque, 
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It is generally agreed that a ~mall marine battv.ufIll fl h<'f) \\ to 

operation on Long Island. .'Y. dunng 1921 22. Hov.c\er m.11l 
scale worm tran actlOn~ between a fe\~ Indl\ldual may h \ 
occurred on Long I land con Idcrably t>efnr<' the e date (\\an 
ser I5

). By the mid-I920'~ the Long I. land II hu) h be om", v.ell 

ISA \\an\cr. manne ""rm dealer hlbndge ME 
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establ ished a~ the result o f a demand for ba il wnnm hy rart) boa t ~ 

fis hing for weak.rish In Pecon ic Bay. Initia ll y, c1am~ lind mu~~c1~ 
had been used for bait in thiS fishery but when fl~ helmen dl~co\ 
ered that marine worms worked ilS ~ell a~ or better than these balh, 
a preference for manne wOrlm develo[)Cd (Schmal"') Although 
initially sandworms were the most sought aftcr SreLiL'S, it ~a~ not 
long before both sandworms and bloodworms \\ere heing dug in 
areas such as Stony Brook. t Jallles LllllillCil Ba), Brooklyn, anu 
Staten Island. Throughout Long Island the \\orms \~erc dug frolll 
sand flats and beaches. Sand~orl11s ~ere ~hort but fat and of ex(el­
lent quality. Bloodworms were of ~il1ld,lr quality to those now 
obtained In Maine Explorator) digging \\ilS soon extended as f,1T 
a Fairfield, Conn., and 1assachusetls (Sandrof 194h) ,\ fisher; 
that deallmainl} \\Ith sandwOfms \\ as estahlished in the area nllrth 
of Bo~ton. Winthrop, Revere. Lynn, S\\ampsult, Marhlchl'''U, 
Salem. Gloucester. and e\\buf} port b) 1929 uuring th~ depres 
sion (Greely I") By 1932. some dlgglllg h",d oe(urn:d south 0" Bll 
ton to Chatham on the Cape (Greel) filotnnte 17) MlIllnL' ""1111 

were probably abo bL'lng dug comml'n.'lall) In ~L'\\ H"lTllp,hlre hj 
this time Yet. deSpilL' the L' ploratl\ln for ",nd tllsUI\er) III 
commercial marine worm populations pnor tn 19~2. sulflCll-nt 
quantities were still not a\'ailablc to ,uppl) the market. [hi bc.k nf 
availability has been attributed to . 1) ",n Inill",l l.ll k llf .Ibundancc 
and the complaints of landowners" ho obJelleu tll \~ I1rm ulggln!! In 
their sand) beaches (Sandrof 1946), 2) 0\ crulgglng ,tnd deplL'tlt11\ 
of the I-no\\n stocks (Schmal fOlltnote 16, Greel) footnote 17) , ~J 
increased demand for mannL' bail\\Orms In thl' 'P'lrtflsh fl hem: 
(MacPhail 1954, DO\\l s). 4) a decllnL' due to inlTeascd pllllu(, n 
from heated eftluent discharge and lO\lC hea\) metal pnllut,lI1t 
(Dow footnote 18). and 5) a demise in the fishef} re ulling from 
higher than optimal seU\\ater tempemture~ (Dll\\ fnotnlltc 18) . 
Although some wormll1g probably bcg",n 111 the Portland. \1"'lnc, 
area in the earl) 1920's, the fi~henes' slo\\ lI1illal gnl\\lh In . lall1e 
was partl) due to a ccrtall1 skeptic I,m to\\ard the dlggll1g t)f manne 
worms (Glidden footnote 6) In 1933, an abund",nt suppl) (lJ 

worms \\as found tn the area around \\ isca-.set (S",ndfllp 1(46) and 
Boothba) Harbor (Schaml footnote 16. Greely fOlltnll{L 17) \hlSt 
of the digging in these areas \\as directed l!l\\.Ird and\\(lrms hut 
some bloodworms were also obtained. B) IQ37. the Industf) had 
become \\ell enough established for the :-'lall1e Legislature to Insll­
gate "control" legislation (Glidden footnote 6) The muniLipaltlies 
affected by this legislation were mainly located in Cumherland. 
Sagadahoc, and Lincoln Counties (Dow '). carl) 40 laws \\ ere 
passed between 1937 and 1955 which prohibited nonreSidents from 
digging worms within the political boundaries of numerous mumel 
palities. All these laws were repealed in 1955 after it \\as estab­
lished that many of these excluslOns were motivated bJ coastal 
property owners who desired to prevent trespass rather than con­
serve marine worm stocks (Dow footnote 19). The fishery in 
Maine had been extended from Cumberland. Sagadahoc. and Lin­
coln Counties ioto Hancock and Washington Counties b} the earl} 
1940's (Flye"°). By 1949. bait dealer inquiries from the United 
States had stimulated the Canadian Atlantic Biological Stations to 

160. Schmal, marine worm digger, North Edgecomb. ME 04545. pers commun 
July 1979. 

170. Greeley, marine worm dealer, Sullivan, ME 04682, pers. commun. July 
1979. 

180ow, R. L. 1977. The Maine marine baltworm fishery. Oep. Mar Resour state­
ment, Augusta, 7 p. 

19R. L. Dow, Coordinator, New England Regional Fisheries Management Coun­
cil. Maine Oep. Mar. Resour., Augusta, ME 04330, pers. commun. July 1979. 

201. Flye, marine worm dealer, Newcastle, ME 04553, pers. commun. July t979 
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1111 11<11, a program of e)(plora~i()n for haitworrn "long the Mari time 
coast "ltod.s of ~ilndwortllS were found In ( harillttc Coun ty. New 

BI1JI1SWICJ... anti in 19'i(J ,\ halt husiness Wil\ I.:stahltsh(d th l:re '[ h" 
Inill,llcndeavll l wa nol SIlL'Less/ul tlue 10 the rdallvely 111.111 si l l' 
of the \\01111\ dnd the 1.ld, 01 a slJituhle p.Jd:lng wecd ( 1a Phat! 
195-1) '[ he Searl h lor \\orlllS \\,IS UlIlIlflucd 111 Ihe Marillrtll's our 
Ing I ()50 51 In ·c~ BnlflS\\Id:, IlVil SLlltla, and f'nnee bJwurd 
Isl.lf1d /\ItIHlugh \(lIlie \\Ilflll\ ~l'rL' found III pra IIL'ally .tli the 
"IL'as L' ,llllined, lllllllllerliitl quanlitlCS III hl()od\\llrl1ls \~cre found 
IInl) In '<1\.1 SUIII<t III CCrl,lIn regions wuhln nn;;polls, Dlghy, 
Y.1I1110Uth, and Shclhurn~ ('nunlle, rHyc hH1III lIe 20; KI.I\\tc <lfld 
Dilkie 1957, 'I.1.IlPh.1I1 II) 4) Ahh" I h thc II<; (lllh \\orm dug 
\\ nhlll Ihc~L' MC<l' \\.1\ sm,llIcr Ih,tn their I I.une (;(Junlerp<lrt , 
e\l'L'lIel1l Ir,1I1 pori.llion 1,ILlluICS \\crc aV<lJl..thlc and h) 1952, Ihree 
,hipper \\cre nper.lllng 111 Y,lrllloulh rounl). OVa S 011<1 In 
II} ~",lI1d\\orl1l\ \\erc ,Igmn hipped from h rI tiC t)unt}, 'C\\ 
!inllIS\\ I k hili th' .lh'CrKC III <I ulIablc p,lckll1' wc(;d pre\enlcd 
largL' 'l.llc dc\cloplllcl1loflhe Ilidu II') (~lacPh,i11 1954) 

hun' nldnne \\orm Ian lmgs re orded an S I) partmcnt of 
('OIllIlKrL'e (1940 0) m pound und omertcd hil'!; mlo numbers 
.I \\~11 as IJnded \",Iuc. ar~ pre enled m lahle ~ 

I .hlt 3. - I hI' /lUI h{r and, jJlu· of hluocj"lIcrn 
II(. tU'ttd O1annt \4Iurm dl1!Cl"r 111 Ih, ~1 .. lr of ~I"", 

Bhx \\orm and" rm 

llalu( alu( 
har cd lIa~) umbc Cd lIa~) 

1\I~b 7 12~ 7 I 
1\I~7 I ~10 7 
19~ 449 1(15 o.w 
I -19 4 29'7 O~I 
I'I~O , 9 n 71 000 2420 I 
I\I~ 1.4 9~I,OOO 157 966 
1\I~2 1~ 9 • ~6 000 17 , 12 91 109 
19q 5" II 1'1 000 217 %b 
1<l~4 1>2 10 H~.OOO 200 'I 
I\I~~ ~~I '121000 16" 
Ii}S6 '0 7 491000 I 0'4 
19~~ ~O 10 5 2464'6 
1\1) 62 11 t)().l uoo 109 t,' III 7t>-! 000 
14W 7 4 I' I' UOO HI 3' 

1\160 f>.\1 2420" 000 4 2 IOO 
1'11'>1 724 20 I 6 ( 'I ~ 979 
1'11'>2 77' 2' 1'>74 IJOO ~ 16,162 
141>.1 4~1 32_1'1 OOQ 0'10, 7 
I 'It>-! 1,11-11 3.1.1'Kl 000 '-I~,115 450, ,-1-1 
l'Ib5 till n ,'il 000 24,5-15.000 44',:l-H 
14M '110 11 ~ II l)flO 11, -1,.000 509.01 
l<ln7 I 025 12,'151'> om 2 257.000 -1'12.3 -I 
19bH Ib5 Jo.bJ2,()()(1 27 .33.000 511,35, 
1<10<1 I tM 1-1,-1-11) 000 20,9t-l,OOO 523. 30 
1<170 I 194 17.2-12.000 215 772 24 77,000 !!21.47-1 
1971 13'16 Yi.()()1.000 1 1.67!! 10115,000 6 4,296 
1972 I ~83 11.013,000 125.895 27, 6,000 625.8-1 . 
1973 I 451 35,381.000 7-1-1.832 28.135 000 1,060.-102 
1974 I ~55 31.377.000 I 569. 23 3~ 81.000 949.956 
1975 I 267 35.63-1.000 I 779,266 29.935.000 62. 54 
1976 1.199 23.454.000 I 255.852 27.9t5,OOO 12,31 
1977 1.197 17,474.000 1.313.987 29.50n.000 1.000.-132 
1978 1,155 1!!,202.000 I. I 6-\.688 2'1.937.000 1.075.-109 
1979 1,105 19.3 7.000 1.-134.258 29,776.000 I. t09.292 
1980 985 20.338.000 1.-104.222 29.002.000 1.094.535 

WORM DIGGING 

One of the most attractive features assOCIated with digging 
marine worms is the low initiaJ cost of involvement in the fi shef}'. 



Based upon 1980 prices, a new digger is prepared to enter the fish­
ery for an outlay of approximately $70-90 (license $10, blood­
worm hoe $22 or sand worm hoe $45, boots $30, buckets $4, and 
perhaps a pair of gloves $4). The new digger can quickly recover 
his initial outlay with a little experience and two or three tides of 
digging effort. An experienced digger may desire a 14-16 ft alumi­
num boat and a 10-25 hp motor. 

A good bloodworm digger will start digging high on the mud flat 
and follow the receding tide out with a trench measuring approxi­
mately 1 m in width. When the tide changes, the digger reverses 
direction and digs ahead of the incoming tide. A bloodworm flat is 
considered good if the digger can dig one commercial-sized worm 
for each four or five turns of the hoe . Although a good bloodworm 
digger may dig as long as 5 h on a low drain tide , 2 to 4 h is the 
general rule . 

The sand worm digger generally waits until the tide is near the 
low water mark before he begins digging. He spends the entire tide 
digging parallel to the shore in the region of the low water mark . A 
sand worm flat is considered good if the digger can dig one 
commercial-sized worm for each turn of the hoe. Often the digger 
may be rewarded with three- four worms per hoe turn. Although a 
good sandworm digger may dig as long as 3-3 112 h on a low drain 
tide, 1112 to 21/2 h is the general rule . 

MARINE WORM HOES 

A commonly used form of the bloodworm hoe (Fig. lA) is con­
structed from two small spading forks welded together on a V­
shaped brace. The hoe handle is constructed from a portion of the 
handle of one of the original spading forks. The handle is pounded 
down onto a short tine that has been welded to the middle of the 
brace at a relatively sharp angle to the tines . Various important 
bloodworm hoe measurements from the areas east and west of 
Penobscot Bay during 1977 are presented in Table 4. 

A commonly used form of the sandworm hoe (Fig. IB) is con­
structed from parts of three large spading forks. One tine from each 
of two large 4-tined spading forks is removed . The remaining por­
tions are then welded together to form a 6-tined hoe. Each tine is 
then lengthened by welding on four additional tines from the third 
spading fork plus the two tines that were removed from the first two 
spading forks . The hoe handle, obtained from a portion of one of 
the original spading fork handles , is attached to the tines in much 
the same manner described previously for the bloodworm hoe. Var­
ious important sand worm hoe measurements from the areas east 
and west of Penobscot Bay during 1977 are presented in Table 4. 

Previous descriptions of Maine marine worm hoes have been 
presented by Ganaros (footnote 4) and Dow and Creaser (1970). 

(A) 

Figure I.-Marine worm hoes commonly used by commercial diggers: (A) 
bloodworm hoe , (B) sand worm hoe. 

According to the hoe description supplied by Ganaros (footnote 4) , 
the hoe was constructed from a modified garden fork, the handle of 
which was cut off 9-10 in (22.9-25.4 cm) from the tines. Two addi­
tional tines were welded on either side of the fork and all six tines 
were bent at an angle of approximately 45 ° with the handle . Each 
tine was flattened and gently curved inward . The lengths of the 
tines were approximately 11112 in (29.2 cm) and the overall width 
obtained was 10 112 in (26.7 cm). Although Ganaros (footnote 4) did 
not state which worm species this hoe was designed for, the tine 
lengths are midway between those reported for bloodworm and 
sandworm hoes (Table 4) , thus suggesting that it might have been 
used for both. 

The bloodworm and sand worm hoes described by Dow and 
Creaser (1970) are very similar in dimension to those summarized 
in Table 4 . 

Bloodworm hoes used by diggers in the Maritime Provinces were 
also constructed from garden forks (Klawe and Dickie 1957). The 
four tines on these hoes were tapered from 0.5 to 0.75 in (1.3-1.9 
cm) in width, were 9 to 10.5 in long (22.9-26.7 cm), and were 
curved slightly inward. No other measurements were recorded. 

PACKING AND SIllPPING MEDIUM 

Seaweed gatherers collect packing weed for specific use by 
marine worm dealers. Dealers prefer to pack both species of worms 
in the young fine textured shoots of Ascophyllum nodosum f. scor­
piodes and Ascophyllum machaii , both of which are found growing 
quite abundantly at the base of Sparrina in salt and brackish water 

Table 4.-A summary of bloodworm (B) and sand worm (S) hoe measurements recorded east and west of Penobscot Bay during 
1977. 

Tine measurements (± I SE) Hoe measurements (± I SE) 

Handle Handle- Distance 
Species No. hoes Flat or length tine angle handle 
and area measured Number Length (cm) round (%) Width (cm) Width (cm) (cm) (0) tine (cm) 

B (east) 50 5.74 22.16 100F 1.75 25.56 15 .96 51.82 14.29 
±0.15 ± 0.48 ± 0.08 ±0.3 1 ±0.4 1 ± 1.07 ±0.19 

B (west) 55 7. 11 21.39 100 F 1.01 27.75 20.91 42.07 18.01 
± O. IO ± 0.52 ±0. 01 ±0.35 ±0. 16 ±0.68 ±0.27 

S (east) 48 6 38.84 87.5 F 1.15 27.99 29.89 45.46 2489 
±O ±0.57 12.5 R ±0. 04 ±0.33 ±0.55 ±0.80 ±0.41 

S (west) 50 5.62 34.74 76.0F 1.00 25.21 23.17 46.54 2335 
±0.07 ± 0.73 24.0 R +0.05 +0.35 +0. 16 +0.77 +0.25 
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"R. L. Vatl". Prole,,,,,. Un"""'IY "r \lame , ()"m,· 'If 044 '. p<r (Omm~n 
Jul) 1979 

1.:1. Tllptn!...a Prin~ipal lO\esttgalOr Bigdov. LJi"()r.Jt{)r) tnr O",ca'" \dCnf,,;.C 

Wesl BOOlhba) Harbor. ME 04575. pe ..... commun Jul} I'IN 
2)C Curtis. marine worm digger. WI'CaSSel , ME 04"78 pas ulflIrnUIl lui) 

1979 
24 F H Hammond . manne worm dealer. WiscasscI , ME 04518. pc .... enmmun 

1979 
2SF E. Peaslee. manne worm dealer. WlSca"el Me 04sn pc .... commun 

Augusl1979 
26R Wanser. marine worm dealer. Wiscasset ME 04578 pc ..... commun Augu,1 

1979 
27W A Wright. marine worm dealer. Addi,on, ME 04604, pc .... commun 

Augusl 1979. 
28K. A. Crowley, marine worm dealer. AddISon, ME 04604 , pc .... commun 

August 1979 . 
29S. H Famervice. Sr .. marine worm dealer, WIScasset. ME 04578. pees com­

mun. Augusl 1979. 
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Selection of Commercial Sampling Period 

,\ ~UrLL) lIt Ih,' m. nne \\llIm Indu II') ,0nJuLlcd JIl llj/~ ,hO\\lJ 
that the initial In, l'l'a,<:J dcmand fnr m.tnnc \\ Irm ICCUITCU dunn)! 
Mar,h , pc.t" u<:mand lIcculTCd Juring Junc, Jul~. nnJ Augu t. and 
h} th<: cnu til' 'tncmlx:r thc Jemand h.tJ ~uh lantiall) ,ub IJ<:d 
ThiS tl'l'nd I, also <:\ Ident fnlOl tht: monthl) blo(Il.l\\ orm and ':.Jnu­
\\ tlrm landings obtained fnlm L Dcpartmcnt of CommefL'e 
(1946 -80). con\'erted from pound, Inl\) number., of \\ orm,. and 
presented tn Figure 2 On the ba,js of the information above. we 
mltlall, ,amp led commel'l'lal manne \\Orm landlllg, between I 
April and 31 October. However. theampllllg penod \\ a ,horteneJ 
to 1 April-3D September after the fir.,t year' sampling (1973) when 
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Figure 2.-Bloodworm and sand worm landings in numbers reported monthly 
for the period 1965-76. 

it became evident that few dealers were purchasing large quantities 
of worms in October and the majority of our sampling trips during 
that month yielded no information at all. 

Primary Sampling Unit 

All daylight low tide periods occurring between one-half hour 
before sunrise and sunset during the months of April through Sep­
tember were listed and designated as the primary sampling unit. 
The time of sunrise and sunset at lat. 44 ° 16'N, long. 68°38'W (a 
point near Blue Hill , Maine, that is halfway between the extreme 
dealer sampling locations of Wiscasset and Jonesport) was 
obtained from the Nautical Almanac Office of the U.S. Naval 
Observatory in Washington, D.C. Low tide periods were recorded 
for Portland, Maine (U.S. Department of Commerce 1973-76). Six 
randomly selected daylight low tide periods were chosen for sam­
pling during anyone month . 

Secondary Sampling Units 

All marine worm dealers who purchase their worms continually 
from 5 or more diggers during any given month were listed and de-
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signated as the secondary sampling units. A restriction of at least 5 
diggers/dealer was necessary in order to eliminate a number of 
worm dealers (6 during 1976) in the western portion of the state 
who operated bait and tackle shops or who supplied marine worms 
to party boats and purchased their worms occasionally from I to 3 
diggers. Marginal dealers, who might be buying continually from 4 
diggers one month and 5 diggers the following month , were con­
tacted monthly during the sampling period to determine whether or 
not they should be included as secondary sampling units . A dealer 
code number consisting of a county and number was assigned to 

each qualified dealer (Fig. 3). 

Digger Interview 

Marine worm diggers were interviewed as they delivered their 
catches to the dealer. It was often necessary to fractionally inter­
view and sample the diggers (sample every 2nd , 3rd , 4th , or 5th 
digger) instead of sampling every digger that approached the dealer 
buying location because of the large numbers of diggers involved , 
and their grouped arrivals during one or two predominant periods 
after low water (an early arrival period for sand worm diggers and a 
later arrival period for bloodworm diggers). 
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Sampling the Catch 

We attempted to collect \\ orm ~ample~ I rom a 1l1aXllllU1l1 l)1 L:­
diggers at each dealer ~ampling IOLa110n. EaLh ~<l1l1ple (.ollt'lIned 2':­
bloodworm~ or sand\\ orms. Samples of marine \\ tlr111 1\ l'r~ 

obtained directly from the digger's bucket or h\ld pnnr tll h1\ enter­
ing the worm cellar and therefore Lvntained \\ mm. 01 c0l1l111erclal 
value as well as culls. 

Bloodworm diggers virtually al\\ ays tmnsported their II nrms to 
the buying locations in plasl1c or stainJes steel bucket. The Lon­
tents of each bucket sample were stirred \\ Ith a mall paddle and 
while the water and worms were in motion. a fine meshed tropical 
fish net was used to obtain a sample from the bucket Sandworm 
diggers transported their worms to the buy 109 locations 10 round 5 
gal plastic pails or in rectangular wooden hods . Usually, these Lon­
tainers held great quantities of worms in as lIttle water as pOSSible. 
It was not possible to stir the contents of these containers \\ Ith a 
paddle Without breaking the sand worms. Therefore the content. 
were mixed by reaching into the bottom of the container with both 
hands and gently drawing the bottom worms upward. After domg 
this three or four times in one area of the container, the ample was 
withdrawn with cupped hands. Samples of blood worms and sand­
worms obtained in the above manner were deposited into a narrow 
wooden tray from which a random cluster of 25 blood worms or 
sand worms was counted out. The remaining worms were returned 
to the digger. 

Processing the Samples 

The 25-worm samples of blood worms or sandworms were 
immediately placed into containers of high salinity water 
01-33%0) after being collected at the sampling location . When 
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dlllplmg \\.1 olllpiLled. the \\orln ,,~re 1ran ptlned to Ih~ l..tbo-
r.ltl1f) and plall'd Into tr.l} \\ lIh ptlfl u fibt:r gl.t Lre~n bOlh)m 
f10allng Hllanl.. of hlgh- al1mt} f1O\\lng ~a\\al~r The) rem • .IIn d 
111 tile c tm) unl1l LOlllpiLILI) al I,maled OJ pcnoo of at lea 12~ h 

Blooo\lorm \\ erl' <Inc Ihell/ed In () :2 '"; pr p) lene pheno,~ toJ. 
The hre k..tgL of .lIld\1 prill \\..t rcduced tn an uh (llUle minimum 
by Irsthnetl) pl..tcmgthe andl\orIn 1110 \'"' pnp)lcn phen \)-
101 to lIlIicl thLIIl dn" n '-lnd then the () I'"; ml lure I a replaced 
\\lIh () 2 ~ When <.:llmpletel) an.: thdl/eJ. the lIorm~ \\erc mea-
ured In J \ hdpcd mea unng Inlugh \\hlll' uhmerged 111 ane -

Ih<.:lI<.: Tht:lr \Ielght, \C • ..tnd L\)ndIlWn (bfLlken_ punclur<.:d, 
reg<.:nerdtcd) \I ere al,o recorded . 

Se\ \\a determined during Apnl ..tnd la) for blood\\nrm and 
dunng Augu I and Seplcmber I'M and\\ orm l'\ \I a. di.lin­
gui,hed from a ,ample \)1 Ihe ct)e lomi~ !luld II IIhdr.t\\ n \1 ith a cap­
illary pipl'lle and e\amined under a mit:ro cope 

Unaneslhel1L.:d lenglh ml:a~urcmenl. in Ihe natural ,tate \\ere 
dl'n\l'd from a phologmph taken \\hIll' the \\orm~ lIefC Immersed 
in a ,ea\\ ater bath conlainIng a 15 cm rule. 

Compilation of Intenie\\ and 
Cluster Sampling Information 

Thc Informallon compIled by digger from the interviews and 
cluster samples is presented In Table 5 . The information recorded in 
Table 5A was then summarized for each dealer daylight 10\\ -tide 
period sampled and recorded in the form shown in Table 6. 

Statistics 

All formulas used to calculate: I) Individual . monthly, and 6-mo 
means, variances, and standard errors, 2) monthly and 6-mo proba-



Table 5.-Forms used in the collection of (A) interview and sample information and (B) the (olallandings of acceptable and cull ,.arm,. 

(A) 
Commercial Catch - Sand'vorns - mootiwoTrts'" 

Dea l er (Code No .) L- 5 Limit No Yes NO.~ Sampling fraction 1:1 (1:2) 1:3 1:4 

Date ________ 9~/_1_0~/_7_4 ____ __ No . low tides on sample day __ l ___ sanpler D. C . M.H. E.P.C . 

Price/worn~ 

S or 'fr S or-8 S or iT 
1) Digger No . 1 3 4 
2) Digger arrival time 1215 1247 1247 
3) Digger age , # years 

digging experience 34 25 39 20 39 27 
4) Is catch 1 or 2 tides 

dig? 1 1 1 
6) What time stop dig? VOl 1141 1141 
5) Lew tide at ll41 

What time start dig? 1045 llOO llOO 
7) OR How long on flats 1. 30 hrs . 0.68 hrs. 0 . 68 hrs. 

digging? l l:l~. ,,8 miri. ...0 Rl<'. 41 llil.n. .-0 bl; . H Iltrn . 
8) Worms from 1 area or 

more? 1 1 1 
9) Ri ver or area worms Back River 

dug from? Boothbay \'ialdoboro Waldoboro 
1 0) Last tide dug - morning 

or afternoon , day or 2 low tides prev o 2 low tides prev o 2 low tides prevo 
night? (day) (day) (day) 

1 1) \'iorm sample Lgth . Wt. Sex Lgth. wt. Sex Lgth. \,t. Sex 
1 B 4 . 42 NS B 9.55 NS R 4.82 NS 
2 27 . 4 7 . 89 F 32 .1 7.90 NS 32 .1 9.20 F 

3 24.7 4.20 NS 30 . 8 6.63 NS 28.6 5.52 NS 
R = regenerated 4 24 . 2 4.58 NS 28.7 7.13 M R 3 . 97 NS 
B = broken 5 38 . 4 11.40 F 43.0 14.83 M 22.8 3.00 NS 
P = punctured 6 34 . 0 8 . 40 NS 29.8 6 . 15 NS 25 .4 3.63 NS 

NS = nonspawner 7 27 . 9 5 . 13 NS B 5.03 M 28.3 6.00 NS 
M = male 8 37 . 7 12.46 NS 31. 3 7.40 NS B 4.50 NS 
F = female 9 B 8 . 00 M 28.5 5.45 NS B 6.87 NS 

FI = female (immature) 10 B 4.52 NS B 4.30 F 28 . 7 6.40 M 
II B 6 . 53 F B 8 . 23 NS 31. 2 7.88 NS 
12 25 . 0 4.56 NS 33 . 3 8.91 NS 30.6 8.00 F 

13 B 4.30 NS 35 . 2 8.22 NS 25.8 3.62 NS 
14 23 .4 3,97 NS 28.1 6.00 NS 30.1 6.00 NS 
15 29 .1 6 . 22 NS B 3 . 97 NS R 2.90 NS 
16 R 4.09 NS B 3 . 87 NS R 6.00 F 

17 R 5 . 40 NS 24 . 1 3 . 80 NS 33.1 7.66 ~I 

18 19.3 2 . 63 NS 28 . 5 4.74 NS 34.8 9.99 F 

19 B 2 . 03 NS 25 . 3 4.00 NS 36.4 8.73 NS 

20 R 6.91 F B 4.3t! NS 25 . 5 4.69 M 

21 23 . 0 3 . 22 NS 3~. 1 9.~0 F 29.0 6.23 -~ 

n B ~ . 4~ NS B ~ . L 1 NS L3.0 3. 32 NSj 
----' 

23 B I . 'dL M L I . b ~ . 'd':l M H 3.20 

~ 24 .5u . I b . /O M L~ . 'd ~ . 1U NS R ~ .21 

2S 
~. 3 . L4 NS B L.'dU NS L':I.~ ~. 10 'IS I 

12) Total 
f--------------

1 no . worms 13 25 16 25 17 25 
dug (include 

1 estimates of 364 . 8 134 . 07 487 . 8 159.05 494.9 143.04 
~ ' s of culls , 
if any) 775+8 = 783 775+5 - 780 775+3 = 778 

, u, -\'eather. Wl.nd velocl.ty 1 II1.nd dl.rectl.on E Al.r Temp . 21 C Barometrl.C Press . _______ _ 
Cloud cover -W clouds - rain ClOUds - no ra~ ___________________ _ 

Tide: Low tl.de (ft . ) - tide table +1.00 Lew tide (ft.) - actua1 __ +~'!~ _________ _ 



Table S.-Continued. 

( B) 

Dealer ____________ ~L~-~5~ ______________ __ Mo . ____ ~S~e£P~t.~. ______ Day __ ~1~0 ________ year ____ ~1~9~7~4 __ __ 

Bloods (B) 
M. R. No. No . Horms or 
(if any) Dug Sands (S) 

1 775 S 

- 750 S 

3 775 S 

- 750 S 

4 775 S 

- 750 S 

5 775 S 

- 750 S 

Total Dug 
6100 

Total From 
Diggers 
Sampled 

3100 

bility expansion and ratio est imates, 3) time efficiency values, 4) 

optimum and proportIOnal allocation, and 5) length-weight rela­
tionships, arc presented in Appendix A. 

Verification of Sampling Procedures and 
Responses to Interview Questions 

Thc mcthodology employed in everal of the marine worm sam­

plmg and processing procedures was closcly scrutinized . Since we 
anesthetize and measure the worm's length immediately prior to 
weighmg thcm, studies were performed to determine what effect 
the anesthetic might have on the worm's weight. In these studies, 
\l.orm \I. cights were compared before and after anesthetIZation with 
O.:! r. propylene phenoxytol 

Another problcm associated \l.lth length measurements on soft­
bodied Annclid~ invol\ed a determination \l.hcther the measurements 
\l.cre n::producib1c. Thi w~ investigated bJ repetitlou measure-

Culls Other Total , Inc luding Cull s 

8 - 783 

10 - 760 

5 - 780 

5 - 755 

3 90B 778 

0 35B 750 

10 - 785 

10 - 760 

Note - add 12 5 B t o blood-

worm form 

(L- 5 , 9/10/74) 

-

Total Culls Total Time 
51 4.66 hrs 

Cul l s from 
diggers 
sampled 

10 

26 

ments, reviving of individuals of both species between measure­

ments, and a comparison of the re ult . 

Other experiments were performed to compare length differences 
resulting from re laxing and measuring the same assorted blood­

worms in two different anesthetics. One group of bloodworms was 
first acclimated to high salinity water, anesthetized in 0.2 % propyl­

ene phenoxytol , and then measured. These worms were then 
revived in high salinity water and the fo ll owing day they were anes­
thet ized and measured in 7 .5 % MgCI 2• The entire expe riment was 

then reversed using another group of assorted worms and the results 
of both experiments were compared . 

Experiment were performed to determine if the manner in 
which a 25-worm sample was obtained from the digger produced a 

mean length and weight estimate that was truly representative of the 
mean length and weight of all the worms present in the bucket 
(blood worms) or hod (sand worms) . A ll worms used in the e exper­
iment were obtained from two commercial diggers. A bucket con-



Table 6. - The summary sheet ror catch statist ics data collected during each dea ler da}lightIO\\ tide period '>ampled . 

CATCH STATISTICS 

bloodworms 

Dea l er ______________ L_-_4 ______________________ Day ____ 4 ____ Month ______ J~un~e~ _____ Year _______ l_9_7_6 __________ ___ 

1. Va lue/worm~----------~~--------------------------------------------~S~O~.~O~S~S~ __________ ___ 
2 . Number of digg~rs sampled ________ ~------__ -----------------------------------=1~8---------------
3 . Ac c e pte d c a tc h inn umbe rs from di gg e r s s amp 1 e d _____ -:-: ____ -:---:-:-::--:--:--__ _=1c::S'-',-=S:..:3:..:2=--__________ __ 
4 . Catch in grams from diggers sampled 27216.52 lbs. (x.00220S) 60 . 01 

(numbers from diggers sampled (3) x mean wt./worm) 
5. Number of worms taken in DMR samples 450 

-----------------------------------------~~-----------------6 . Number of mature males in DMR samples 

7. Number of mature females in DMR samples ______ ~-------------------------------------------
8 . Number of digger tides dug from diggers sampled _________________________ ~~1~8~-------------
9. Number of digger hours dug from diggers sampled __________________________ _=6_=3-=.~4c::2~ ____________ _ 

10. Mean length of worms in DMR samples ________________________________________ l_6_._7_7 ______________ _ 

(from unbiased estimates of weighted means) 

11. Mean weight of worms in DMR samples __________ ~-----------------------------=1:..:.~7-=S~-------------
(from unbiased estimates of weighted means) 

12. Catch in numbers/digger tide dug _________________________________________ 8_6_2_._8_9 ______________ __ 

(catch in numbers from diggers sampled (3) 
(number of digger tides dug (8) 

13. Catch in grams/digger tide dug __________________________________________ l_S_l_2_._0_3 ______________ __ 

(catch in gms. from diggers sampled (4) 
(number of digger tides dug) (8) 

14. Catch in lbs./digger tide dug _______________________________________________ 3 __ .3 __ 3 ____________ ___ 

(convert grams (13) to lbs. by multi. gms . x . 002205) 
15. Catch in numbers/digger hour dug _________________________________________ 2~4~4~.~9_=1~ ____________ _ 

(catch in numbers from diggers sampled (3) 
(number of digger hours dug from diggers sampled (9) 

16. Catch in grams/digger hour dug __________________________________________ ~4c::2_=9:..:._=l:..:S=__ ____________ __ 
(catch in grams from diggers sampled (4) 
(number of digger hours dug (9) 

17. Catch in lbs . /digger hour dug __________ ~------------~--~-----------------------------------
(convert grams (16) to lbs. by multi. gms. x .002205) 

18. Value/digger tide dug ____________________________________________________ ~~~~ ____________ __ 

(derive from (12) by multi. numbers x value/worm) 

19. Value/digger hour dug~------~----------------~----~------------------~~~~-------------­
(derive from (15) by multi. numbers x value/worm) 

20 . Value/gram~ __________ ~----~--------------------------~--------------~~~~=----------------
(catch in numbers from diggers sampled (3) x value/worm) 
(catch in grams from diggers sampled (4) 

21. Value/lb . ____ ~--~--------~--~--------~~~ __ ~--~--__ ~----------~~~=---------------
(convert value/gm. to value/lb. by multi. (20) x 453. 59) 

22 . Total number of diggers that dug 37 men 36 women ____ l __________________________ __ 
23 . Total number of digger tides dug for all diggers ____________________________ ~ ____________ ___ 

24. Total accepted catch in numbers for all diggers entering cellar ________ ~~~~--~~~~---
25 . Total estimated number of digger hours dug for all of accepted catch. __ ~~~=__ ____________ __ 

(estimate by interpolatation using ~ x ~ 
(2) (22) 

26 . Total catch in grams ____________________________________________________ ~ __ ~~~~~ ____ ~ ___ 

(total accepted catch in numbers (24) x mean weight (11) 

27 . Total catch in lbs. ______ ~~~----~-------------------------------------------~--------~--
(total catch in grams (26) x . 002205) 

28 . Total value of catch __________________________________________________ ~~~~~~ __ ~ ____ ~ ___ 
(total accepted catch in numbers (24) x value/worm) 

29 . Total number of culls in catch for all diggers entering cellar 622(~ of total caccn)2.3) 
)0 . Total number of daylight low tides/month 42 
31. Low tide magnitude - actual -. 27 calculated -.2 
32. Weather 1 K from E , air temp . 20 . 1oC, clear and sunny with scattered clouds 



taining 581 blood worms and a hod containing 1,041 sandworms 
were sampled as previously reported. The worms obtained in the 
sampling process were anesthetized, measured, weighed, and then 
returned to the original bucket or hod After the worms had 
revived, the procedure was repeated a total of 10 times. The results 
obtamed from these length and weight measurements on blood­
worm and sand worm samples were then compared with the mean 
length of all measurable (461) and weighable (581) blood worms in 
the bucket, and all measurable (779) anu weighable (1,041) sand­

worms in the hod. 
The digger responses to several questions asked dunng the sam­

pling interview were routinely checked for accuracy The total 
worm count dug and reported to the sampler b) the digger "a, 
checked against the number reported on the dealer's record sheet 
(the number of worms the digger was actually paid forl. The dig­
ger's response to questIOns dealing "ith the time digging began and 
ended on a given tide was compared "ith the actual diggmg tune 
observed and recorded by the sampler for that digger from a con­

cealed position along the shore. 

Yield-Effort Curves 

License and landmgs data used in blood\\"orm and sandworm 
yield-effort curves were obtained from DMR lIcense records and 
U.S. Department of Commerce (1946-80) (for the appropriatc 
years). Landings data reported in pounds in US. Department of 
Commerce (1946-80) were converted bad into numbers u'>mg the 
appropriate conversion factors. 

RESULTS AND DISCUSSION 

Digger Interview 

The proper use of a sampling fraction, in both the digger inter­
view and the commercial sampling. require that the diggers are 
approachmg the cellar in random fashion. This requirement is prob­
ably met when one considers that sume diggers dig for long periods 
and other dig for short periods, regardless of the distance between 
the digging site and the dealer buying locatIOns. The use of a ran­
domly selected choice of diggers has one advantage in that if the 
diggers were approaching the cellar in some sort of order, the order 
would in no way affect the selection of a random sample. For rea­
sons of simplicity, the use of a sampling fraction was also the only 
logical choice; the act of interviewing different fractions of blood­
worm and sand worm diggers as they were both entering and leav­
ing the worm cellar simultaneously, was already complicated 
enough. 

Sampling the Catch 

We attempted to limit ourselves to collecting marine worm sam­
ples from a maximum of 15 diggers (at 25 worms/digger) per dealer 
buying location because of the time involved in processing 375 
worms for length, weight, and sex. Occasionally, when the larger 
dealers were sampled, we were unable to determine how many 
bloodworm or sand worm diggers would be arriving at the cellar 
with worms during the sampling period and we had to estimate, on 
the basis of past experience, what sampling fraction to use for both 
species without exceeding a total of 15 samples. In some cases we 
were successful and approximately 15 samples were obtained. At 
other times, our estimates were erroneous and either more or fewer 
than 15 samples were obtained. 

12 

We chose to sample the diggers Just pnor to entering the dealer 
buymg locations for several reasons. First, we did not desire to 
mterfere With the dealer\ handling practices and proccdure~. Sec­
onu the Inclu,lon of cull worms in the sampling procedure is deSir­
able because the vast majority of the culls were never returned to 
the flats alIve; they were either discarded in the "discard" bucket, 
along the mad side, or they were dumped on the flats or m the water 
where they were rapidly consumed by sea gulls and fish Our 
commerc Ial samplIng therefore reveals what IS lost from the natural 
populatIon through commen;ial dIgging and It Includes both com­
merCIally acceptable worms and a small percentage of cull worms 
that WIll be discarded and "a.,ted. Our commercial samplIng results 
indIcate that bloodworm culls comprise 3 0 4 6'7r and sand worm 
culls comprise 2 6 5 1'7r of the worm catch brought mto the cellar 
The net result IS that the mean lengths recorded from ounamplings 
of the eatch arc actual I) slightl) smaller (they LOntain length mea­
surements for cull worms that would he dIScarded and wasted dur­
ing the normal handltng procedure in the Lellan than the mean Ize 
or \\Ornh ,hIpped out of state 

Processing the Samples 

ACLltmation of all \\orm samples to high salmlt) water pnor to 

anesthetizatIon and measurement was necessary because the length 
and \\ eight of manne \\orms \ ary with salmlty Prelim mary' mve~­
tigations r<.:\ealed that ,,'me manne \\orms had either been dug 
from \ ary ing sal mit) conditions or had bcen exposed to additIOnal 
dtlutton b) the diggers lor \ ary ing periods of time pnor to our 
obtaming lhem <Table 7J. ThIS practice of "watering do\\ n" the 
worms is prevalent among blood\\ orm diggers and rare among 
,andworm diggers. Although ,altnttles a'> 10\\ as 10%0 have rarely 
been recorded from bloodworm bucket water, it is highl) unilkel) 
that the worms themseh e,> are dug very often from mud of thiS 
salimt) becau~e salintt) tolerance expenments conducted pre\ 1-

ousl) (Creaser')) howed that bloodworms are stressed after expo­
sure to 10%0 for 24 h. Expenments deSIgned to measure the time 
required for blood worms to accilmate to a standard lab Itnealtmty 
of 31-33%0 from a lower sal mit) were initiated at a saltmty of 
approxlmatel) 16%0 because \\c did not wish to stress the blood­
worms. Although sandworm diggers rarely "water down" their 
worms, an mltlal startmg salmity of 16%0 was also used in similar 
sand worm expenments. The results of these acclimation experi­
ments on bloodworms and sandworms are presented in Figure 4. 
The results in Figure 4 show that bloodworms required as much as 
10 hand sand worms reqUired as much as 16-18 h to completely 
acclimate to high salinity after being dug and transported under the 
conditions reported. In view of the facts that: 1) The experiments in 

3OC reaser. E. P.. Jr. 1971. BIOlogIcal. envlfunmenlal and technologIcal research 
on marine worms. Project 3-16-R Completion Report co\ ering the period 
1966-1971. Dep. Sea Shore Fish .. State House Annex, Capitol Shoppmg Center. 
Augusta, ME 04333. 224 p. 

Table 7.-The salinit) content of water obtained from the hods and buckets of 
mar ine wor m diggers and used in transporting blood worms and sandworms 
fro m the n ats to the dealer. 

Dealer Date Numberof Bloods (B) Mean I standard 
code (1972) samples or sands (S) salinity (%0) erro r (%0) 

L-4 4 /24 19 Band S 16.09 ± 1.02 
L-5 4/24 7 Band S 21.33 ±2.26 
L-6 5/07 \3 S 26.61 ±0.87 
L-6 5/07 5 B 20.06 ±3.77 
W- 18 5/02 14 Band S 20.29 +0.8 1 
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Figure 4.-The time required for assorted sizes of bloodworms and sandworms to acclimate to 32%0' (Al Blood" orms dug from an interstitial sa lin­
ity of 19.52%0' transported to the laboratory in 16.09%0' and acclimated to 32%0' (Bl Sandworms dug from an interstitial salinit) of 22.00%0' trans­
ported to the laboratory in 16.49%" and acclimated to 32%0' 

avoid harvesting the fragile blood worms that are approaching 
spawning condition in May. Diggers harvest slightly more female 
bloodworms than males. Potential bloodworm spawners are not 
evenly distributed along the coast; they were never collected east of 
the Taunton River (Sullivan, Maine) during 4 yr of commercial 
sampling. There are four possible sources of blood worms recruited 
into the commercial fishery in eastern Maine. Trochophores (or 
juveniles) produced from the excellent spawning stocks in Nova 
Scotia (Klawe and Dickie 1957), may be carried on counterclock­
wise currents across the Bay of Fundy to eastern Maine. Evidence 
for these currents in the spring and summer is presented by Graham 
(1970) and also by Bumpus and Lauzier (1965). It is also possible 
that close inshore currents move clockwise and transport tro­
chophores (or juveniles) from the abundant spawning stocks in the 
Taunton River and Sullivan Harbor to eastern Maine. Recruitment 
may occur from unknown subtidal or intertidal spawning commu­
nities in eastern Maine. However, since the worm digger is a 

14 

hunter, it is unlikely that any large intertidal digging areas contain­
ing spawners could exist without the diggers' knowledge of them. 
An unlikely possibility is that the survival rate of the bloodworm 
trochophores produced by the rare spawners reportedly found by 
diggers in eastern Maine is exceptional and accounts for the excel­
lent sporadic worm sets reported for numerous areas. 

The 6-mo means reported in Table 10 show that approximately 
5-7 % of the catch consists of blood worms with regenerated tails. 
Broken bloodworms comprised approximately 12-13% of the 
catch. 

Table 11 shows that the 6-mo mean lengths (± 1 SE) for sand­
worms were 26.11 ± 0 .98 cm (1973), 26.22 ± 0.68 cm (1974) , 
26.77 ± 0.53 cm (1975), and 25.69±0.42 cm (1976). These means 
are also not significantly different from one another at 95 % confi­
dence limits (± 1.96 SE) . 

Sandworms spawn during March, April , and May and sand worm 
diggers also avoid picking up spawning worms. We waited until 
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August and September before attempting to sex sand worms 
obtained from the commercial catch. During these months potential 
spawners comprised between 15.6 and 38.3% of the commercial 
catch . Diggers usually harvested more female sandworms than 
males . Potential sand worm spawners were found all along the coast 
of Maine. 

The 6-mo mean shows that approximately 8 % of the catch con­
sists of and worms with regenerated tails. Broken worms com­
pri ed approximately 19-23% of the catch. 

Variations in the mean size of bloodworms and sandworms har­
ve ted between dealers listed in Tables to and 11 can be explained 
by: I ) Dealer preference. 2) tidal amplitude. and 3) the length char­
a teristic of the local worm populations being harvested on the 
days commercial sample were obtained. 

Some pre\ iou information exists regarding the commerciall~ 
acceptable size of bloodworms and sandworm harve ted in we t-

15 

14 16 18 20 22 24 26 

ern Maine. During March 1966. four deale!'. v. ere a~J...ed to (ull mo 
bloodworm lots and two sandv. orm IOl~ wto commerCial and nOll­
commercial size groups. The results are shll\\ n in Figure f> 

Although the commercIal length results presented w figure b 

cannot be directly compared v. ith the 6-mo mean kngth' rCLorded 
for bloodworms and sand worms in Tahles 10 and II (7 5 ~ \Ig I 
v.as used to anesthetize the former. 0.2 % prop) lene phcnl) ) tolthe 

latter). the results ugge t that. had the 1966 hI ood \\ orm and and­
worm 'ample' been ane thetized in 0.2 ( pmp) lene pheno \ tol. 
their mean izes v.ould probabl) ha\e been Itghtl) larger than the 
6-mo mean lengths reported for bloodv.orm nd andv. rrns dur 

wg the 1973-76 amp ling program The e data UggL t that th re 
ma) have been a light decrea. e In the 3L eptable lIe f 
commercial bloodv.orrm and and\\orm hane t d bel\l,C n 19 
and 1973. 
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Table 8.-Verification of the relationship of the mean length and" eight (± I, ± I. 96 SE) of a 25-" orm ~mple to the mean 
length and "eight orthe total. 

Bloodworms Sand"orm, 
length (em) (N=461) length (cm) (.\ = 779) 

Mean ± I 96 SE 1ean ± I 96 SE 

N X(cm) ± I SE ± I 96 SE (95% confidence) ,\' X(cm) ± I SE ± I 96 SE (959; confiuence) 

21 20.42 ± 1.05 205 18.38-22.47 17 22. I ± 0.57 I 12 21 05-23 30 
23 20.89 ± 0.76 1.48 1941-22 38 17 2291 ± 0.49 096 21.94-23 87 
20 19.44 ± 0.73 1.43 18 .01-20.86 22 22 88 ± 0.82 I 61 2127-2449 
20 19.93 ± 0.75 1.47 18.46-2139 20 23.14 ± I 10 2 15 2099-25.28 
19 20.78 ± 0.97 1.91 18 88-22.69 22 22.79 ± 0 71 I 39 21.40-24.1 
19 19.78 ± 0.76 1.50 18.28-21.28 22 25 13 ± 062 1.21 23.92-26.34 
15 18.35 ± 0.90 1.77 16 .58-20. 13 18 23 27 ± 0.87 1.71 2l.56-24.99 
24 19.22 ± 0.76 1.50 17 .72-20.71 18 23.21 ± 0.65 1.27 21. 94-24.48 
22 20.39 ± 0.69 1.36 19.03-21.75 18 22.84 ± 0.62 1.21 21.63-24.05 
22 20.55 ± 0.81 1.59 18.96-22.13 21 21.98 ± 0.60 1.18 20.80-23.16 

461 19.94 779 22.49 
weight (g) (N=581) weight (g) (N= 1.041) 

25 2.33 ± 0.28 0.54 1.78-2.87 25 3.58±0.17 0.33 3.25-3 .91 
25 2.19±0.19 0.37 1.81-2.56 25 3.90 ± 0.24 0.48 3.43-4.38 
25 1.91 ± 0.22 0.42 1.48-2 .33 25 3.98 ± 0.30 0.60 3.38-4.58 
25 1.96 ± 0.19 0.38 1.58-2.34 25 4.15 ± 0.49 0.96 3.19-5.10 
25 2.31 ± 0.27 0.54 1.77-2 .85 25 4.09 ± 0.35 0.69 3.40-4.78 
25 1.95 ±0. 17 0.33 1.63-2.28 25 4.55 ± 0.28 0.55 4.00-5.10 
25 1.79 ± 0.20 0.39 1.40-2 .18 25 3.94 ± 0.30 0.59 3.35-4.53 
25 1.77 ± 0.17 0.33 1.40-2.10 25 4.56 ± 0.32 0.62 3.93-5. 18 
25 2.07 ± 0.21 0.41 1.67-2.47 25 3.66 ± 0.22 0.42 3.24-4.08 
25 2.29 ± 0.22 0.43 1.86-2.71 25 3.76 ± 0.25 0.48 3.28-4.25 

581 2.07 1.041 3.43 
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Table 9.-A comparison of the diggers' time estimates with the actual time recorded. 

Diggers Actual 
No. diggers estimate recorded Error 

Date Area checked 

4/03174 Cod Cove-Wiscasset 
4112174 Hilton Cove-Wiscasset 
4114174 Yacht Club-Wiscasset 
5/ 13174 Back R .-Boothbay 
8117177 Rays Pt.- Harri ngton 
8/18177 Hog Bay-Franklin 
8/23177 Skill ing R .-Hancock 

10112177 Jones Cove-W. Gou ldsboro 

The literature contains many references to the commercially 
acceptable size of blood worms and sandworms. However, few of 
these measurements are comparable because the worms were mea­
sured by various means. Sandrof (1946) reported the average length 
of bloodworms at 6-8 in (15.2-20.3 cm) natural length. Ganaros 
(footnote 4) stated that the minimum size for bloodworms was 
18-20 cm. Dow (footnote 18) reported that Ganaros' measure­
ments were recorded from worms placed next to a ruler. Tax­
iarchis32 reported that the minimum size for bloodworms was 16 
cm. He first anesthetized his worms in 7.5 % MgCl2 and then mea­
sured them next to a ruler. MacPhail (1954) and Pettibone (1963) 
reported that the minimum marketable size was 6 in (15.2 cm). 
Klawe and Dickie (1957) reported that bloodworm diggers in Nova 
Scotia ordinarily harvest worms that are more than 20 cm (7 .9 in) 
measured in 7.5% MgCI2 . 

Sandrof (1946) reported that the normal size range for sand­
worms was 10-18 in (25.4-45.7 cm) natural length. Ganaros (foot­
note 4) reported the minimum commercial size of sand worms at 
between 21 and 22 cm. Following discussions with various 
Boothbay, Maine, worm dealers, Taxiarchis33 concluded that the 
minimum commercial size for sandworms was 8 in (20.3 cm) natu­
rallength. MacPhail (1954) reported that the minimum marketable 
size for sandworms was 6-7 in (15 .2- 17 .8 cm) and Pettibone 
(1963) stated that a sand worm length of20 cm was required to be of 
commercial importance. 

Length and Weight Frequency Samples 

Monthly sexed length frequency data recorded for the 
commercial bloodworm and sand worm catches sampled between 
1973 and 1976 are shown in Figures 7 and 8, respectively. 

In Figure 7. the complete lack of maturing spawners during April 
1975 may be attributed to the small sample size (N = 44) and the 
fact that the random samples were only collected in the eastern por­
tion of the state where bloodworm spawners were lacking from 
commercial samples. 

The commercial sandworm samples for 1974, 1975, and 1976 
(Fig. 8) show that during August and September individual female 
sand worms contained eggs of either one of two size ranges. This 
happens because spawning occurs annually in sandworm popula­
tions but the period of egg development in the coelom is longer than 
12 mo. Therefore, worms containing larger eggs will spawn the fol­
lowing March-May, whereas those containing small eggs will 

32Taxiarchis, L. N. 1954. Field notes on marine worms. Dep. Sea Shore Fish., 
Augusta, 36 p. 

33Taxiarchis, L. N. 1953 . Survey of the littoral zone of York County, Maine with 
respect to commercial productivity. Dep. Sea Shore Fish . Gen. Bull. 2, 13 p . 
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SorB (h) (h) (%) 

B 48.22 48 .30 - 0. 17 
B 46.33 45 .08 +2 .77 
B 18.45 18.42 +0. 16 
S 8.33 8.33 0 
S 6.58 7.65 -13 .99 
B 18 .50 16.50 + 12.12 
B 30 .25 29 .25 +3.42 
S 9. 12 9.03 + 1.00 

185 .78 182 .56 +1.77 

spawn a year after that. Two general egg sizes have been recorded 
in the Wiscasset sandworm population between October-Novem­
ber and April-May (Creaser and Clifford footnote 11) . Data pre­
sented by Brafield and Chapman (1967) suggest that two egg sizes 
may be present between September and April in the Thames estuary 
(Southend , England) and Snow (1972) reported the same phenome­
non between September and June for sand worms collected at 
Brandy Cove, St. Andrews, New Brunswick. 

Bloodworm and sand worm sexed length frequency data for 6 mo 
(April- September) combined sampling data are presented in Fig­
ures 9 and 10, respectively. 

Weight frequency data from combined monthly samplings of the 
commercial bloodworm and sand worm catches collected during 
the period April - September (1974- 76) are presented in Figures 11 
and 12 , respectively. 

Probability Sampling Expansions and 
Ratios Estimates 

Probability sampling expansions of catch and effort and ratios of 
two variables estimates (catch/unit effort) are presented by month 
and 6-mo sampling periods for blood worms and sandworms in 
Tables 12 and 13 , respectively. 

The importance of these probability sampling expansions is con­
siderable. Although estimates of total catch in numbers are already 
recorded in Maine Landings, estimates of some of the other param­
eters are either nonexistent (total number of digger tides dug. total 
number of digger hours dug) or they are reported in U.S. Depart­
ment of Commerce (1946- 80) in gross error (total catch in pounds). 
It is evident from the results presented in Tables 12 and 13 that the 
standard errors about the mean monthly probability sampling 
expansions are greater than those reported for the 6-mo expansions. 
Standard errors reported for the 6 mo combined data are 
19.7- 26 .2 % of the mean for bloodworm expans ions and 
19 .2-3l.9 % of the mean for sandworm expansions . Although 
greater accuracy (smaller standard errors) of the expansions could 
be obtained by randomly selecting more than six daylight lov. tides 
per month , tills could not be accomplished because of time and 
manpower limitations. 

Based upon the results of the four 6-mo ratio estimates for blood­
worm and sand worm catch in numbers/digger hour. it cannot be 
conclusively stated that bloodworm and sand worm abundance 
changed significantly between 1973 and 1976. The only indication 
of a decline in abundance of bloodworms occurred during 1976 
when the catch in numbers/digger hour was significantly different 
(at ± 1.96 SE or 95 % confidence levels) from the same recorded 
during 1974 and 1975. However. there was no significant dIffer­
ence between the 1973 and 1976 bloodworm data for catch in 
numbers /digger hour at 95 % confidence levels . 



Tabl~ 10.-..\ ,ummar} of blood" orm mean length (em) and "eight (g) data, and tbe percentages of males, females, rege,}erated, hroken, and punctured indiyiduals 
b} dealer cod e, including monthl) and combined 6-mo means (±1 SE) for the period April-September 1973-76. 

April 

GuIer No Mun Perc ent 
Code s"mp'es lencth Wetlhl Male Female Regenerate . Broken Punctured 

L·25 
W·22 
H-1D 
L-6 
L·5 
W·20 

16 
2 

11 
8 

37 

18.18 
19.56 
20.52 
24.06 

2.25 
2.30 
2.70 
4.00 

8.21 
.00 

5.70 
6.18 

6.31 
.00 

6.61 
17.31 

Monthly Mean 20.59 2.81 5.02 8.56 
Standard Error -+-'.25 -+ ,4' -+-'.76 +-3.53 

Outer No Mun Percent 

5.81 
8.00 
6.42 
4.36 

6.15 
-+-,75 

7.77 
6.41 
9.15 
8.23 

'.45 
.00 

2 .56 
6.47 

7.89 3.37 
-+-.57 -+-'.38 

Code ~mples lenrth Weight M31e Female Regenerate, Broken Punctured 

H·12 
<t L-8 
,...... H-14 
0- H-l1 

W·23 
W-24 

11 
16 
10 

3 

40 

19.77 2.45 
17.91 2.06 
17.1S 1.72 
16,43 1.50 

Monthly Mean 17.82 1.93 
StC!lndard Error ....... 72 + .21 

4.49 
5.35 
1.46 
3.49 

526 
4.74 
7.60 
1.16 

3.59 
7.70 
5.84 
1.10 

3.70 4.69 7.02 
+.84 +1.33 ±1.56 

[)uler No Mun Percent 

6.52 
9.44 
8.38 

13.12 

9.37 
=:1.39 

1.95 
3.14 
4.53 
2.33 

2.98 
:t.57 

Code S~mplt:'S lencth Wt:1ght Male Female Regenerate. Broken Punctured 

W·19 
W-'8 
W·24 
L 8 
L , 
H-,4 

2 

2 

19.15 2.25 

Monthly Mean 19.15 2.25 
Standard Error 

.00 

,00 

OuJer No Mun Percent 

.00 5.01 5.01 2.99 

.00 5.01 5.01 2.99 

Code Samples lenrth Wt:1lhl Male Female Regenerate Broken Punctured 

W·23 
H·12 
W·l1 
L·2 
L·25 
H·ll 

3 
18 

21 

18.21 
19.00 

2.62 
2.33 

1.57 
4.26 

.00 
8.82 

1.78 
7.87 

Monthly Mean , 8.60 2.48 2.92 4.41 4,82 
SfandardError -+:.40 +.15 -+-'.34 -+-4.4' +305 

June 

Dt.ef No Meln Perunt 

13.37 
16.60 

14.99 
--1.61 

4.85 
5.31 

5 .08 
~.23 

Code s..m~t:'S ltn"h Wttlht Mite Female Rel enerate. Broken Punctured 

2 
10 
14 

26 

20.36 2.55 
11 22 1.79 
17.20 1.12 

Monthly ~ea" 18.26 2.02 
Sta.,dard Erro, + 1.05 + .27 

4.00 
5.65 
5.95 

5.20 
+.61 

12.00 
18.01 

9.01 

13.01 
~2.64 

5.22 
4 .19 
2 .4 6 

3 .96 
+ .81 

May 

Dealer No Mean Percent 
Code Samples length Weight Male Female Regenerate. Broken Punctured 

W-16 
W-23 
H·12 
L-8 
L·l 
W-24 

9 
1 
7 

14 

31 

21 .76 
24 2 4 
16.66 
16.56 

2.99 
3.80 
1.69 
2.26 

Monthly Mean 20,81 2.73 
Standard Error -+-'.36 -+-.42 

.00 
.00 
.00 
.37 

.00 

.00 

.00 
2.55 

.09 .64 
+ .09 -+- . 6 4 

Dealer No Mean . Percent 

5.96 
4.00 
3 .6 4 
1.69 

3.92 
+ .83 

13 . 25 
.00 

17 .8 7 
10 .. 11 

.55 
4.00 
3.84 
4.81 

3.30 
± .94 

Co de Samples length Weight Male Female Regenerate Broken Punctured 

L-8 
H·27 
H·15 
W·20 
H·11 
W-24 

14 

14 

18.58 2.01 

Monthly Mean 18.56 2.0 1 
Standard Error 

.00 

.00 

Dealer No Mean Percent. 

1.63 3.96 1 1.96 5.5 4 

1.63 3 .96 11 .96 5.54 

Code Samples length Weight Male Female Regenerate Broken Punctured 

L·6 
H-14 
W·19 
L·2 
W·,8 
W·31 

5 
6 
3 

14 
MonthlJ Mean 
Standard Error 

20.97 
19.51 
19.42 

2.72 
2.57 
2.75 

19.97 2.68 
+.50 +.05 

.00 

.00 

.00 

.00 

De aler No Mean Percent 

.83 

.68· 

.00 

.50 
+ 26 

7 .00 
4. 77 
7.38 

E .. 36 
+ .81 

10.98 
22.83 
26.97 

20 2 6 
+ 4.79 

9.13 
5.05 
8.00 

7 .4 0 
-+: 1.22 

Co de Sa mples Length Weig ht Male Female Regenerate Broken Punctured 

W·19 
L·2 
H·11 
H·30 
L·5 
W-21 

9 

9 

21.98 2.94 

Monthly Mean 2'.98 2.94 
Standard Error 

.00 

.00 

JulV 

Dealer No Mun Percenl 

.00 9.52 9 .20 3 _33 

.00 9. 52 9.20 3 .33 

Code Samples Len.th Wetghf Male Female Regenerate. Br oken Punctured 

L·4 
W-17 
W·18 
W·19 
W·24 
H·20 

11 
2 

13 
10 

36 

16.69 
22.46 
16.12 
17.38 

1.63 
3 .31 
1.60 
2.05 

Monthly Mean 16.16 2.15 
Standard Error -+ 1.46 -+-.40 

18.16 
.00 

2.05 
4 .5 8 

, 1.61 
6.92 
6.4' 

14. 70 

10.4 1 
....... '. 78 

2 .81 
2.46 
1.' 7 
, .93 

2.09 
~ .36 

Deale' No Mun Perttn l Dedler No Mean Pelcenl 
Code ~~n ltn(th Wecht Male Femlle R~ener~le 8ro.e~n __ p~u~nC~I~U'~'~d -t_-"Cod=._-,S,,-ampl es length Weiyht Male rerJI~" Re :eMnle 8ro.en Punctured 

l 5 
H '4 
\\- 22 
L8 
w.q 
\'. 2 ~ 

€ 
13 

14 

1 

'9.80 
18.0" 
~3 4~ 

19)15 
'''.92 

2.43 
2.3-4 
4.83 
228 
224 

4.80 
5.93 

.00 
5.28 
8.98 

11.80 
12.95 
16.00 
9.98 

11.69 

4 .81 
2.'4 
4.00 
5.19 
4.99 

H·12 
L·8 
L·9 
H·28 
W·24 
H- " 

10 
10 

20 

20.97 
21 . 77 

2.60 
3.eS 

5 .32 
J. 55 

14.92 
15.66 

2.46 
5.5 f> 

'9..88 ~.82' 5.00 12.48 4.23 Monthly Mean 21.37 2.93 4.44 1~.29 4.0 1 

+ 9
7 

t 5"!:r~~~~==========~=I=.4=5=====+='=.0=0=====+=.=5=6==~~S~ta~n~d=a=rd~E~rr=o=r==~+~.~.4~0===+==.2=3==~~~==========_~~=.8~9~==~~=~~7~==+~'~.5~5==~ 
o"JII" JIo "Ut'l Pet"cent Ouler No Mun Percent 
Codf s..mpln lrn(Ut We-(trI .. Jlle Fem~e Rt:tener~te Broken Punctured Code ~mples Lencth WeIght Mile Fern"e Rtgenerale Bro.tn Punctured 

l8 
V) ... , .... 

,... l' 
0- w' 

.. 

W,o 

l " 

o 
W 18 
H 8 

" 

!l 
9 

1E.Jl 
~2~7 
'9.1. 
'9.12 

'617 
20.3 

1.87 
, 1 -

232 
2.98 

1.7!» 
3.1~ 

2"'~ 
.... 70 

-

4.45 
9.73 
2.57 
71J2 

6.84 
8.36 

'.60 
-.76 

7.10 
11.52 
12.63 

7.48 

17.69 
1'.2A 

14..46 
~ 3.22 

4.00 
2.92 
7.21 
3.41 

8.51 
623 

1M 

H·12 
W-l7 
W·'9 
W·23 
W·20 
H·30 

W-19 
W·21 
H·l1 
L·6 
L·2 
W·23 

12 
1 
3 
3 

29 

19.56 
26.28 
19.81 
18.46 

2.88 
6.90 
3.03 
2. 41 

Monthly Mean 21 .80 3 .48 
Siand afd Error -+-1 . 75 =- .47 

hml:le 

12.06 
.00 

4 .05 
9 .53 

~t.tnerlte 

6 .73 
9.49 
9 .62 
2.36 
4.00 

18.37 
12 .00 
13.27 
12 20 

Ifohn 

17.95 
22.03 

8.72 
4 .99 

12.00 

1.69 
12.00 
'0", 

9.56 

... net ..... 

.90 
4."6 
2.35 

" .48 
8.00 



Table IO .-Continued. 

August September 

Dealt r No Mean Percent Dealer No Mean Percent 
Code Samples length Weigh I Male r e1nale Regenerate Bloken Punctured Code Samples length Weight Male Female Regenerate Broken Punctured 

L-26 6 15.24 1.36 1.33 15.8 3 .00 H-12 3 14 ~66 1 ,14 7.99 17.60 1.1 0 
C"'l W 10 14.46 1.1 2 1.06 13.93 1.67 H-11 4 17.17 2 .14 4,11 14.16 2,72 ,..., H - IO ' 4 16.01 l.4t 5.4 0 18.37 .78 W-18 8 17 ,43 2.57 3 .96 8,73 1.19 
0- W -2 4 1 :&5.35 4 . 1 3 /JO 20.00 8.00 H-14 20.41 2 .37 6 .66 12.27 .99 

K 29 13 .SS 1.05' 3.30 17.29 1.05 W-23 
l-' W-16 

32 19 
Mon\hly M e,) .... 16.99 l ,Bl 2.22 17.0 8 2.30 Monthly Mean 1 7 .4 2 2.06 5.68 13.1 9 1.50 
Standard En, ,, :t:2..1 2 ± .sS ::'.. .96 ± 1.04 ± 1 .. 4 5 St andard Error + '.18 -:t .. 32 -:+:: .99 ~ 1)35 -t .41 

Dealer No Me an Percent Deater No Mean Percenl 
Cod. Samples length Weight Male Female Regenerate Broken Punctured Code Samples length Wei ght Male Female Regenerate Broken Punctured 

K-29 3 18.59 1.94 8.65 16,78 8.63 L-5 10 20,64 2,73 1.44 10 .23 6 . 25 

<t W -'2 1 12 19 , 23 2,s 1 5 .40 11.80 3,28 W-17 6 23.33 4.45 5 .55 18 .89 4.32 ,..., L-2 1 16 .23 1.35 36.00 4.00 4 .00 L-25 7 2 1.66 3.00 13.50 10.86 7.29 
0- L 6 5 2'''8 4.VO 7.33 7.34 3 .73 H-11 5 23.34 3 .19 13.13 11 .32 3.29 

.... -27 W-2 1 6 19.42 3.20 10.26 8,70 3.90 
L ' W·20 

21 34 
Monthly Mean 19.63 2.52 14.34 ±~:~~ 4.91 Monthly Mean 21.68 3.31 8 .77 12 .00 _i~:~~ Standard Error .!. 1.74 ±.';8 ±7.25 -+:" 125 Standard Error +.76 + .30 +2.32 +'.78 

ouler No Mean Percent Dealer No Mean Percenl 
Code Sample, lenJ!lh WeIgh I Male Female Regenerate Broken Punctured Code Samples length Welghl Male Female Regenerale Broken Punctured 

H - 14 6 22,38 3 .29 5 .7 4 12.06 4.21 W-17 8 26.19 5.10 4.46 1 1.25 6 .50 

VI L-4 10 22. ' 0 3 .00 5.89 13.22 17.11 H·l1 11 20.01 2 ~47 8 .03 17.03 4.70 
,..., H - 15 8 21.95 4 .00 9.43 18.06 3/J3 L·l 

0- L- l L-2 
L-9 H·14 
H-28 W-21 

24 
Monthly M'e~an Monthly Mean 22.14 3.43 7.02 14 .. 45 8.12 23 .10 3,78 6.25 14.14 5.60 

Standard Error -+. 13 -+- .30 -+ I .21 +, .84 + 4.51 Standard Error +3.09 ±1 . 31 ±' . 78 ±2.89 -+- .90 

Outer No .... n Percent Dealer No Mean Percent 
Code s.mpl .. length "",hI Male Female Regenerate Broken Punctured Code Samples length WeIght Male Female Regenerate Broken Punctured 

H - 14 8 22.1 0 3,72 4.38 7.98 3.64 W·21 6 20.83 2.88 8,74 9.78 1.84 

0,() W·21 3 22.60 3.47 12.74 9.42 5 .4 2 H-l1 5 18.68 2 .56 4,s4 10 .4 3 4.14 
,..., L·5 7 24.21 4.1 2 6.18 11.86 4.52 L-4 11 19.19 2.11 5 .08 13.98 3 .5 1 

0- L·9 W-17 3 27 .25 6.92 6.10 to,13 4 .87 
H-28 H·14 6 20 .37 3 .17 6 .59 16.49 2.46 
H-30 L-6 5 22/J7 2.97 5.02 9.68 8.92 

18 36 
Monthly Mean 22.98 3.77 7,7 6 9.75 4.53 Monthly Mean 2 1,40 3 .44 6 .03 1 1.75 4.29 
Standard Error + .64 -+-.1Q +2.54 ':=1 .1 3 ;!;.51 Stand3rd Error -+- 1. 27 ± .71 + .62 ± '.'5 + 1.03 

Six Month Est imates 

1973 Mun Percent 
length WeIght Male female Regenerate Broken Punctured 

Mean 18,72 4.87 11.98 2.78 
Standard Error ±.60 ± .82 -+ .94 +.40 

1974 Mean Percent 
length WeIght Female Regenerate Broken Punctured 

Mean 19,84 2.57 7.19 11 . 92 4.45 
Standard Error ± . 36 ± .1 5 ~1 . 34 ±-. 61 ±.39 

1975 Mun Percent 
length Weight Male Female Regenerate Broken Punctured 

Mean 20,74 3.07 6.17 12.95 6 .1 9 
Standard Error + . 59 ..... . 27 ~.6S ± ,.oS ± .90 

1976 Mean Percent 
lenglh W"ghl Male Female Regenerate Broken Punctured 

Mean 20.83 3.11 6.88 , 2 .. 44 5. 16 
Standard Erro r :!:,..54 :!: . 2 0 ± .77 ± .93 -:!:: .4 8 

19 



Table II.-A summary of sand worm mean length (cm) and weight (g) data, and the percentages of males, remale , reg-em~l"are-a , DrOKe" , arlu pUIICLUn'u-.nm-"-OUU4.~-<r 

dealer code, including monthly a nd combined 6-mo means (± 1 SE) for the period A pril-Se pt~mber 1973-76. 

April 
Dealer No. Mean: Percent " 
Code Samples length Weight Male Female Regenerate Broken Punctured 

W-22 
M L-6 
" L-5 
0- L-25 

H-10 
W-20 

9 
2 

26 .64 7.26 
36.0817.12 

8.21 
4 .53 

21.28 
23.47 

1.85 
3.47 

Dealer No. Mean 
Code Samples Length Weight 

W-18 
L-1 
W-23 
L-8 
W-24 
H-12 

5 
4 
7 
1 
8 

27 .32 
;10 .4 9 
28.93 
22,24 
27 .93 

7.73 
10.08 

8.97 
4.73 
8 ,19 

May 
Percent 

Male Female Regenerate Broken Punct ured 

6 ,65 
3 . 14 
2.35 

12.00 
7 .42 

23 .98 
12 .57 
20.43 
16.00 
24 .08 

.59 
1.71 
6 .14 

12.00 
4.80 

~------~11'---------------------------------------------+-------?2~5-----------------------------------------------

M onlhlyMean 3 1.36 12.19 6 .37 22.37 2 .66 Monthly Mean 27 .39 7.94 6.31 19.41 5 .05 
Standard Error + 4.72 + 4 .93 -+-1.84 + 1.10 -+- .8' Standard Error :. 1,39 ~ .89 _~ 1 .72 _ ~ 2.26 .!... 2.o1 

Dealer No. Mean PefCent 
Code Samples length Weight Male 

L-8 
~ H-11 

:;: ~:~; 
H-12 
H-,4 

5 
2 
9 

16 

20,82 
24.42 
29,28 

Monthly Mean 24.84 
Standard Error + 2.45 

4.61 
5 ,39 
7.71 

5.90 
+ .93 

Dealer No Mean Percent 
Code Samples Length Weight Male 

W-19 
L-l 
W-18 
W-24 
L-8 
H-14 

6 
5 

11 

33.22 
31.43 

9 ,37 
10.32 

Monthly Mean 32.32 9 .. 85 
~Iandard Error ~.90 + .47 

Dealer No Mean Percent 
Code Samples lenglh Weighl Mal. 

L-2 
W-17 
W-23 
H-12 
L-25 
H-11 

6 

6 

24,58 

Monthly Mean 24.58 
Standard Error 

6) 2 

6 ,12 

June 
Dealer No Mean Percent 

Female Regenerate Broken Punctured 

6.51 
3 .15 
8.63 

6 ,10 
t 1.59 

28,41 
20 .00 
20.90 

23 , 10 
'!.2.67 

,83 
7 . 15 
9 ,44 

5 ,80 
-2.57 

Female Regenerale Broken Punclured 

4 .28 
6 .75 

30 .90 
17,67 

8.95 
4.60 

5, 52 24.28 6,77 
1-1.24 -+-6.61 -2 .18 

Female Regenerate Broken Punctured 

8.22 17.29 2,39 

8.22 17 ,29 2.39 

Code Samples length Weight Male Female Regenerate Broken Punctured 

W-22 
M L·' 
,...." W·24 
0- L-4 

W-21 
H ·1 4 

7 
5 
6 
5 

23 

25.29 
29.68 
26.44 
28.59 

Monthly Mean 27.50 
Standard Error -t- 1.00 

6.53 
9.55 
7.18 
8 .53 

7,95 
, .68 

Dealer No Mean Percent 

4,00 
5 .21 
8.84 
1.2n 

26 .22 
18.17 
13.60 
27 .86 

21.46 
~3.37 

,00 
.00 

1 ,62 
2.6q 

1,08 
'1 .• 66 

Code Samples length Weight Male Female Regenerate Broken Punctured 

W·22 
L-8 
W·19 
W-23 
L-5 
H·14 

6 
7 

16 

24 

27,88 
26.08 
~6.01 

Monthly Mean 26.66 
Standard Error +- .61 

7.14 
6 ,04 
6.03 

6.40 
~ ,37 

Dealer No Mean Percent 

6,09 
8.70 
5 .4 9 

6.76 
- .98 

30,73 
22 .64 
17089 

23 ,75 
.- 3.75 

2,69 
1.83 
2.61 

Code Samples length Weight Male Female Regenerate Broken Punctured 

L·8 
vV·21 
W-24 
H·15 
L~9 

L-4 

12 
Monthly Mean 25. 54 
Standard Error + E7 

5.21 
5.52 

5.36 
--t .1 5 

Dealer No Mean Percent 

8.26 
12..52 

9.86 
18.72 

14.29 
~ 4.43 

4,82 
621 

5,51 
. j.. .69 

Code Samples Length Weight Male Female Regenerate Broken Punctured 

W-23 
W·18 
H-28 
L-4 
l - 1 
H-30 

25,68 
26.44 

6.81 
5.12 

1.93 
24 .70 

40.52 
14 .17 

7.33 
4 .35 

Dealer No Mean Percent 
Code Sa mples Length Weight Male 

L·8 
H-27 
H-15 
W-20 
H-l1 
W-24 

6 

6 

27 .29 

Monthly Mean 27. 29 
Standard Error 

Oealer No Mean 

6.35 

6.35 

Code Samples length Weight 

L-2 
L·6 
W-25 
W-19 
W-IB 
H-,4 

4 
10 

2 
6 

22 

25.60 
24.56 
24.18 
25.61 

5.79 
5.70 
6 .03 
5 ,81 

Monthly Mean 24.99 5.83 
Standard Error + ,36 ~ ,07 

Pelcent 
Male 

Dealer No Mean Percen! 
Code Samples Length Weight Male 

L-2 
W-19 
H-30 
L-5 
H-11 
W-21 

5 
12 

4 
7 

28 

25,18 
28.63 
29.62 
26,39 

M onthly Mean 27 ,45 
Standard Error + 1.01 

7 ,50 
6.61 
7,71 
5.79 

6,90 
+~44 

July 
Deater No Mean Percent 

Female Regenerate Broken Punctured 

9 ,05 18 .37 1, 26 

9 ,05 18,37 1.26 

Female Regenerate B,o~en Punctured 

7.96 
1 ,4 7 
5.70 
3 .09 

20.4 8 
29 . 59 
47 .53 
29 ,19 

,59 
,61 
.00 

1,93 

4,5 5 31 .70 .78 
-of 1.43 -t--S.68 + ,4 1 

Female Regenerate Broken Punctured 

2. 26 
1,80 
2,37 
3.28 

2.4 3 
~.31 

25 ,13 
2552 
16.32 
20,60 

21 ,89 
~ 2.1 7 

3 ,63 
6 . 10 
5 .1 6 
3.79 

4.67 
- . , 59 

Co de Samples length Weight Male Female Regenerate Broken Punctured 

W-t7 
W-24 
H·28 
W-18 
W-19 
L-4 

3 
1 
3 
2 
4 

13 

20 ,77 
23 ,90 
25.60 
22,91 
23.73 

Monthly Mean 23.38 
Standard Error + .79 

4 ,34 
5.51 
6 .72 
5.23 
5 .56 

5.47 
.... . 38 

Dealer Nn Mean Percent 

7,79 
8 .00 

11 .0 4 
12. 17 

7.26 

9.25 
-+- .. 98 

28 .67 
8 .00 

28.03 
32.00 
29.56 

25.25 
_"4.37 

5.05 
, 00 
.00 
.00 

1. 18 

125 
~ .98 

Code Samples length Weight Male Female Regenerate. Broken Punctured 

L-8 
W-24 
L-9 
H-28 
H-12 
ri·ll 

8 
9 

17 

21 . 87 
26,62 

3,95 
6.20 

Monthly Mean 24. 25 5.07 
Standard Error + 2.38 -t- 1.'3 

Dealer No Mean Percent 

5 .07 
8-35 

14.87 
18.98 

16.92 
-+-2D6 

'.30 
,!",80 

Code Samples Length Weight Male Female Regenerate Broken Punctured 

W·17 
W-20 
W-23 
H·12 
W·19 
H-30 

3 
5 

12 

20 

22-94 
25,80 
24,' '7 

Monthly Mean 24.31 
Standard Error -:+- .83 

4 .63 
5.35 
4·66 

4 .88 
+ .24 

Dealer No Mean Percent 

20.4 2 
9 .72 
4.35 

21 ,41 
1 7 .4 8 
17.83 

18.91 
+ 1.26 

; ;;6 
.00 

2.82 

'.69 
, .86 

Code Samples length We ight Male Female Regenerate Broken Punctured 

W-19 
W-21 
L-6 
L-2 
H·ll 
W-23 

7 
9 
9 
7 

26, 12 
25.1 5 
24 ,50 
26.63 

6 ,21 
5 .44 
5.26 
5,79 

8 ,87 
20,75 

3.62 
3 .80 

22 .1 3 
17.-81 
14 :35 
'7.08 

3 .52 
r .44 
4 ... 19 
223 

20 



Table ll.-Continued. 

I 
August September 

Dealer No. Mean Percent ' Dealer No Mean . Percent 
Code Samples length Weight Male Female Regener ate Broken Punctured Code Samples Length Weight Male Female Regenerate Broken Punctured 

L· l 3 31 .93 11.41 1,07 10,93 5 .07 20 ,H 5 ,07 W·23 7 19.08 3 .43 9,21 t 2.25 3 .44 34 .95 .79 
W· 19 13 22 .69 5 ,1 2 1,05 18 ,59 11.71 23 ,b~ 5.83 

I 

W·18 2 22 ,93 5 ,26 14.97 17049 13.94 26.06 1,49 
W·24 7 22.84 5 , 17 4.50 10,74 15.95 2 1.4 2 .81 H· 12 
L·26 W·16 
H· l0 H-l1 
K·29 H-14 

23 9 
M onthly Mean 25.82 7.23 2 ,2 1 13,42 10,91 21 . 85 3.90 M onthly Mean 21 .00 4 . 34 12.09 14.87 8 .69 30.50 1.14 
Standard Error :!·3,05 +2.09 -+:" ,.15 ~2.59 ±;3.16 -i:: ,96 + ' .56 Standard Error +' .93 +- .92 i_ 2.88 ';' 2.62 ..i.. 5.25 ~4.4 5 J... 35 

Dealer No. Mean Percent " Dealer No Mean Percent 
Code Samples length Weight Male Female Regenerate Sroken Punctured Code Samples Length Welghl Male Female Regenerate Broken Punctured 

W -2 1 5 25,55 5 .22 1,62 7. 14(2.37 11 .72 17,47 2 ,13 L·5 4 29,14 5 .. 94 13.99 13.00;3.01) 11.99 24,01 .00 
L-2 10 26 .. 17 5 , 13 8 .4 3 22.16{7. 47 4.22 16 .84 1.06 W-17 4 23. 21 3 .95 7. 51 4.64 ( 1.03) 7. 60 7.03 1,41 
L-6 3 29.68 6 .19 13.66 28.64 ( .001 10.98 11.51 2 .46 W-21 5 25.79 4.84 6.047 3.08(3.78, 11.68 17.70 .00 
L· l 10 31 . 26 9 . 17 6.68 25.88, .00 6 . 18 12.42 1. 57 W-20 
H-27 L·25 
K-29 H - l1 

28 13 
Monthly Mean 28 ,16 n.4 3 7/3. 20,96t2,461 8 .27 14.56· 1.81 M onthly Mean £~:?~ 4 .91 9.;33 6 .90(2.61 I 10 ,4 2 16.25 .47 
Stannard Error ;!. 1. 18 ±.95 ~2 .4 8 -;!;4.79/1 . 761 ::t 1.83 _-: 1 .52 :!:"" ,3' Standard Error -:' .58 '!" 2 .3 5 ..!:. 3 .08(..t .8 2) I 1. 41 ..'.4,9 5 

--Dealer No Mean Percent Dealer No Mean Percent 
Code Samptes lenRlh Weleht Male Female Regenerate Broken Punctured Code Samples length Weight Male Female Regenerate Broken Punctured 

I L- l 9 25 ,4 3 ',53 11.02 19.08(3 ,82 ) 2.24 20.84 1. 73 L-l 9 31 .27 8,77 19;30 16.95(8 .751 7.49 14 .53 2.49 

I 

L-9 5 27 .58 6.21 25 043 20.54(5.26) 8 .75 11 . 59 Ul5 W-'7 2 25 .26 4 .97 5 .69 16.63(13.06) 4.00 16.63 231 
H-28 4 2+ .73 4 .77 14 .61 24.20(5.8 71 9.80 18.52 .35 L-2 
H- 14 H- 14 
L· 4 W-21 
H- 15 H-l1 

18 11 
Monthly Mean 25 .91 5 .50 17.02 2 1.;27 (4.981 6.93 16.98 1,68 Monlhly Mean 28. 26 6, 87 12, 49 16 .79(10.901 5 .7 5 15.58 2.4 0 
Standard Error • . 86 ;t ,4 2 ± 4.33 . 1.52( .... . 61t -+-2. 37 -+-2 .78 ~ .75 Standard Error ·3.01 -' .90 7:6.80 + .16(2.2. 161.'.1 J5 1.1.05 .'. .09 

Dealer No Mean Percent Dealer No Mean Percent 
Code Samples len~ lh WeIght Male Female Regenerate Broken Punctured Code Samples length WeIght Male Female Regenerate Broken Punctured 

L-5 8 25. 23 5 . 53 7,89 18,A4 (3 .68 ) 6 .69 12. 20 1.78 W-21 6 26. '6 6.42 10;36 18.76(5 .281 8.72 14.90 .66 
H·30 6 28.88 7. 58 13.048 2 1024 (4.06 ) 4.23 11.79 1.23 L·4 7 21 .81 3 .26 16.18 20 .1 8(3.9 21 7Jl3 16.25 3 .69 
H- 14 L-6 7 23.26 4 .14 17.49 15.048(2.56) 6.02 20.10 .97 
L-9 1-\-11 
W·21 W-17 
H·28 H-14 

14 20 
Monthly Mean 27 ,06 6,56 10 ,68 19.84'.3 .87 5 .4 6 11 . 99 1 .51 Monthly Mean 23 .74 4.61 14 .68 18 .14(3,92 7.52 17, 08 1.78 
Standard Error " '1 . 83 -+ '.03 -+::2.80 +-, ,AO(:±: 19 -, 1.23 ~ .20 ~ .2 7 Stand"lfd Erro( - 1. 28 - .94 -+- 2 .19 .:!. 1.391-t.78! ..'. . 79 "!.1 . 56 !: ,96 

Six Month Estimates 

1973 Mean: Percenl 
length Weight Male Female Re2c:nO! rate Broken Punctured 

Mean 26.11 7.71 23,26 2.54 
Standard Error + .98 -+- 1.05 -+- ' , 27 :!:...51 

1974 Mean PeM~ret: 
len~th Weight Female Regenerate Broken Punctured 

Mean 26,22 5.86 7.85 18.8' 2.14 
Standard Error :!:.68 :!: .31 ± .56 = 1,16 ± .. 43 

1975 Mean : Percen t: 
length Weighl Male Female Regenerate. Broken Punctured 

Mean 26. 77 6.32 7 .. 54 20.40 3.25 
Standard Error -::!: . 53 :!: ,29 :±: 1.01 ± 1.75 ± .4 5 

1976 Mean· Percent: 
Lenxth WeiRhI Male Female Regenerate. Broken Punctured 

Mean 25A9 5.93 8.07 18.82 3.12 
Standard Error -T ,A2 t- . 29 ........ 2 .23 :t 2.44 ± .. 35 

21 



15 

w 

'z'o 
w 

'" '" ::> 
u 
u 
o 
>I-

5 

o 

BLOODWO~M~ 

P 

(A) 

15 
o Non ·(ommerclal 

X 1187em 

o (ommfHClol 

X _ 19[iOem 
SE _ 20 
N 292 

wlO 
u 
:fi 
'" '" ::> 
v 
u o 
>I-

5 

o 

o Non 
CommerctOl 

X :1209cm 

SE= 19 
N: 164 

SE: 37 
N' 83 

30 
LtNGIH 

BLOODWORMS 

LENGTI-j 

[J Cammer " 

X 219E.c"" 
SE 33 
N '6(' 

40 

Monthly and combined 6-mo \ alues for catch in number-,Idigger 
tide and catch in numbers/digger hour recorded in Table~ 12 and 13 
are mean values derived from samples collected during alllo\\' £Ide 
amplitudes. It is generally known by manne worm diggers and 
dealers that the number of worms dug:tide tluctuatcs with varia­
tions in low tide amplitudes. During the early 19S0's, manne biolo­
gists in Maine observed that a + 1.0 ft low tide reduced the take of 
marine worms an average of 30% compared with a 0.0 low tide 
(Dow 1969). 

The catch in numbers/digger hour for 6 mo combIned blood­
worm data (Table 12) varied between 193 ± 6 and 233 ± 6 Ganaros 
(footnote 4) reported that the catch/hour of commerCial-sized 
bloodworms varied between ISO and 200. It is quite possible, how­
ever, that these lower catch/effort figures reported by Ganaros 
(footnote 4) resulted from the fact that larger bloodworms were 
demanded by the commercial market during 19S1. EstImates of 
commercial bloodworm catch/hour have also been reported from 
the Marsh River (118-293 blood worms/h) and Montsweag Bay 
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J il!tJfl: fl, - \ \Ofh'd hloud"or Ill' and :Jluh\orm, (ulh:d JIlIn romnH fl ial ~nd 

rwn'l"onlll\{"rcial ,i/l"~ In tour tJl'altr in "'l, .... tl'rn \ I aln~. (\) Bluud"nrm\ 

(\Iarch 1'1/'111.0\1 .Hld"" .. 1l (\ueu'l IIIfoI', 

(Ill 4S0 hl(}(l<h~llrI1lS hl In the \ IL'inll) 'If \\'1 cas ct, =--t.J1nc. b) 
Dean and E\\ art U The cat.:h In numhcr-, dIgger IIde tl)r 61110 com­
hined hlo(ld\\orm data (fable 12) \dried het\\een S36 t 36 and 
662 ± 26 Sandrllf ( 11)46) rep"ned that hlood\\ orm digger-, dug 
apprOXll11dtel) 3S0 l'l)[]lmerelal-~Ized blnnd\\ orl11~ tide ThiS 
reduction in catchlcffnrt i~ abll probabl) the re,ult of larger \\ ornh 
beIng commerciall) hdne\ted at that tIme Sandrllf (1946) reponed 
that the avcrdge naturdl length of commer':lal-~ lled blood\~ orm, 
was 6 8 in (IS.2-20.3 cm), which I, equl\ alent [0 approximate I) 
22-29 em relaxed length (Fig. SA). It IS abo possible that th iS 
reductIOn In catch/effort ma) ha\e resulted from frequent "limits" 
imposed upon bloodworm diggers. 

'''Dcan. D. and J. Ewan 1978. Ftnal rcpon. en\lr1.lnmenlal sune.llance and 
slUd.e, allhe Matne Yankce nuclear gcnemltng ,lal10n 1969 1977 Secl.on 10 8en· 
Ihos (commcrcwll} .mponan! tn\cncbrmcs) Malne Yankee AlOm.c Power Com· 
pany. 830 p 
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Figure 7.-Sexed length frequency data obtained from monthly samplings of 
the commercial bloodworm catch: (A) 1973, (B) 1974, (e) 1975, (D) 1976. 
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Figure S.-Sexed length frequency data obtained from monthly samplings of 
the commercial sand worm catch: (A) 1973 , (B) 1974 , (e) 1975 , (D) 1976. 
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The eatch In numher; 'til 'ger lII.k for () IllO Clllllhlfl('U 

dala (""hk 13) \anl:d oct",cl:n I,02X 00 tind 1,1 

larc h is (Iootnolc :l~) Judgl:d the 4Unlll) 01 amlv.Ofll1lllg mg c.n Ihe 

hasi, of Ihc l:atrh tldc son 7(X) anuv.llrrns tide (fair). 700 1,000 

sandwortmltide (good). ,tnd 1.000 and mcr Iide (e elknt) 

'atch Stati.,tic., 

Eighteen of Ihe mO\I Imponant pardmctCr; mdudl:d on Ihc Ulll­

mary shl:et for calt:h statistics dala l 01 kClcd during caLiI dl'dl r da)­

hghtlow tide period sampkd (lahk fl) ",l:rl' sUll1lllan/l:d h) month 

and lor the fi-mo sampling penod . lhese uata arl' pre\ented In 

Tahks 14 and IS lor hlooth\Ofms and sdnd",orrns. rc pCltl\cl). 

The valucs pn.:\entcd In thcse tdhles v.erc dl'mcu dll\~ctl) lrollllhc 

\ampllng and InterVIl'W dald Calch/elton \alul' (L<.Itch In 

nUlllhers /dlgger tide , catt:h In nUlllher; /dlgga hour. l'.Ht:h In 

pound"dlgger tide Gllt:h m pounds ,d lggt:r hnUr) (kml'd In th" 

mannt:r, are Similar to vdlucs dt:rl\l'd through rJtl<IS cstlfllatl' 

(Tahle, 12 . 11) A lOmpJmOn 01 Gltl'h elTon rt:sults nhlalnt:d h) 

hoth Illl'tholh arc pn.:\entcd In Tahle I fi It IS CYIUCnt I rom Tahk 14 

thaI thc fi -Illo mean (total) \ alue lIue and \ aluel hour m formation 
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Table 12.-Probabilit) sampling eApansions of blood" orm catch and effort ( ± 1 SE) and ratios estimates for catch/u~it effort ( ±l SE) by month and for the 6-mo 
sampling period (1973-76). 

1973 B I oodworms 

Probability Sam~ Ii ns Ex~ansions Ratios of 2 Variables 

Total Total Tota l Total 
Total No. of No. of Total Worm Total Catch Catch in Catch in 

Total Total Value of Digger- Digger- Catch in in Numbers/ Pounds/ Pounds/ 
Catch in Catch in Catch in Tides Hours Number/Dig- Digger Digger Digger 

1973 Pounds Numbers Dollars Du Du er T ide Hours Tide Hours 

Apri I 3,034,896 145,073 6,900 16,617 418 173 
;:1,335,169 ± 64,674 ± 2,958 ± 7,739 ± 23 ± 19 

Hay 5,888,974 293,411 13,832 39,385 388 139 
±2 ,609,582 ±130,875 ± 5,870 ±17,295 ± 55 ± 21 

June 5,800,704 288,597 10,374 26,638 524 196 
±3,883,544 ±194,539 ± 6,756 ±17,028 ± 48 ± 18 

Ju 6,766,569 338,328 13,537 31,710 516 215 
;:3,079,667 ;:153,983 ± 5,219 ±12,540 ± 82 ;: 38 

Aug. 7,515,040 375,752 9,440 23,320 666 251 
;:3,827 ,157 ±191,358 ± 4,141 ±11,384 ±128 ± 32 

Sept. 4,431,768 221,588 5,808 12,309 737 299 
±2,039,640 ±101,982 ± 2,472 ± 5,574 ±153 ± 33 

Totals 33,437,951 1,662,750 59,891 149,978 536 210 
±7,208,753 ±360,396 ±11,804 ±31,094 ± 36 ± 12 

1974 Bloodworms 

Probabi 1 i ty Sam~ Ii ns Ex~ansions Ratios of 2 Variables 

Total Total Total Total 
Total No. of No. of Tota I Worm Total Catch Catch i n Catch in 

Tota I Total Value of D i gger- Digger- Catch in in Numbers/ Pounds/ Pounds/ 
Catch in Catch in Catch in Tides Number/Dig- Digger Digger Digger 

197 4 Pounds Numbers Dollars Du er Tide Hours Tide Hours 

Apri I 26,303 5,778,108 288,905 11,214 28,869 539 206 2.38 .91 ;:12,841 t2,693,900 ±134,695 ± 5,656 ±14,701 ±40 ±19 ± .08 ±.03 
'1ay 27,388 6,165,533 308,277 8,127 26,951 841 254 3.74 1. 13 • 25.251 '5.684.341 ±284,2 17 ± 7,492 ±24.848 ±- ±- ± ± -

June 37.253 7.338,112 368.969 11.473 32.439 571 216 2.93 1.11 +19.527 '3,903.567 ±194,748 ± 5,378 ±17,320 ±40 ± 7 ± .19 ±. 04 
July 48,139 8.056.594 402,830 13,468 37,550 605 218 3.76 1. 36 +28.485 4.667.030 '233,352 ± 8.158 ±22.942 ±28 ± 4 ± . 13 ±.09 
Auq. 27.323 4.362,800 218,140 9,360 27,385 509 170 3.17 1.06 +14.675 2.250.516 ±112,526 ± 5.062 ±16.326 ±48 ±10 ± .30 ±.07 

Sept. 40,171 5.744 .270 309,865 8.698 24.714 718 256 5.32 1. 90 10.nS 1,745,874 +104,836 ~ 2.814 ± 9,372 ±98 ±20 ± 1.23 ±.34 

Tnal 206.577 37,445,417 1,896.986 62,339 177,909 630 219 3.53 1. 23 48,224 9.203.300 +463,632 +1 4.735 ±44.880 ±20 ± 5 ± .20 ±.06 
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Table 12.-Continued. 

1975 B I oodwo rms 

Probabi I i t:t Same ling Exeans ions Ratios of 2 Variables 

Tota l Total Total Total 
Total No. of No. of Tota I Worm Total Ca tch Ca tch in Catch in 

Total Total Value of Di gge r- Catch in in Numbers/ Pounds/ Pounds/ 
Catch in Catch in Ca tch in Tides Number/Dig- Digger Digger Digger 

1975 Pounds Numbe rs Dollar s Du er Tide Hours Tide Hours 

Apr i I 926 290,162 9,3 13 323 775 573 239 2 .85 1.19 
± 850 ± 266,27 1 ± 8,546 ± 296 ± 711 ± - ±- ± - ±-

May 24 , 77 1 4,219,618 210,981 5,023 15,773 846 259 4.95 1. 51 
± 11 ,03 1 ±1 ,857,563 ± 92,878 ±2, 197 ± 6,755 ± 59 ±17 ± .24 ±.07 

June 23,377 3,692,2 13 184,611 7,406 21,687 508 179 3.07 1.08 
± 11 ,577 ±1 ,67 1 ,937 ± 83,597 ±3,034 ± 9,702 ±100 ±26 ± .70 ±. 14 

Jul y 24, 879 3,824,562 188,430 6,027 17,728 607 215 4.13 1. 46 
±17,089 ±2,704,017 ±135,840 ±4,318 ±12,475 ± 50 ±13 ± ·50 ±.13 

Aug. 37,491 5,141,273 257,064 8,736 25,538 689 229 5.19 1.73 
±20,104 ±2,880,779 ±1 44,039 ±5 ,004 ±14,475 ± 58 ±10 ± .66 ±. 16 

Sept. 16,171 2,338,710 116, 883 3,031 8,190 771 290 5.93 2.23 
± 9,46 1 ±1 ,561 ,634 ± 78,075 ±1,978 ± 5,488 ± 51 ± 1 ±1. 73 ±·79 

Totals 127 ,6 15 19,506,537 967,281 30,545 89,691 662 233 4.30 1. 51 
±32,282 ±4,936,204 ±246,948 ±7,865 ±23,142 ± 26 ± 6 ± .31 ±. 12 

1976 Bloodworms 

Probabi 1 i t:t Samel ing Exeansions Ratios of 2 Variables 

Total Total Total Total 
Total No. of No. of Tota 1 Worm Total Catch Catch in Ca tch in 

Total Tota l Value of Digger- Catch in in Numbers/ Pounds/ Pounds/ 
Catch in Catch in Catch in Tides Number/Dig- Digger Digger Digger 

197 6 Pounds Numbers Dollars Du er Tide Hours Tide Hours 

Apr i 1 15,151 2,937,600 146,880 4,774 14,422 631 215 3.26 1. 11 
±13,252 ±2,586,339 ±129,31 7 ±3 ,887 ±12,702 ±103 ± 1 ± .49 L02 

May 6, 127 954,270 47,714 1,573 5,217 548 181 3.56 1.17 
± 5,420 ± 832,799 ± 41, 640 ±1,392 ± 4,615 ± - ±- :+:- t-

June 21,217 4,685,850 257,429 6,880 23,052 759 234 3.68 1. 13 
±13,218 ±3,313 ,372 ±182,326 ±4,710 ±16,547 ±125 ±14 ±.41 ±. 24 

July 31,656 4,831,974 267,706 9,828 27,030 455 167 3.02 1. 11 
±12,647 ±1 ,992,739 ±108,930 ±3,686 ±10,83 7 ± 51 ±18 ±.28 t.ll 

Aug . 12,010 1,466,724 83,035 3,648 9,875 458 169 3.84 1. 41 
± 6,171 ± 748,547 ± 41,951 ±1,697 ± 4,838 ± 88 ±15 ±.64 ~. 09 

Sept. 23,775 3,809,360 215,477 6,347 19,634 554 189 3.74 1. 27 
± 3,847 ±1,045,432 ± 60,033 ±1,72 1 ± 5,295 ± 41 ±1'tj +.76 L26 

To ta Is 109,936 18,685,778 1,018,241 33,049 99,230 567 193 3.50 1.20 
±24 ,343 ±4,897,488 ±262,544 ± 7,659 ±25,007 ± 35 ± 6 ±.21 +.07 
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Table I3.-Probability sampling expan,ions of ,andwonn catch and eITort (± I SE) and rati", .,(imate, for catch/un!t efrllrt (± I SE) by m'JOth and f", th(' 6-mo 
,aml)ling periud (1973 76). 

1973 Sandwo rms 

Probabi 1 i ty Sampl ing Expansions Ratios of 2 Variables 

Apri I 

May 

June 

July 

Aug. 

Sept. 

To ta 1 5 

Total Total 
Catch in Catch in 

Pounds Numbers 

3,536,940 
~3 .032,880 

10,140.130 
.4,240,642 

9,597,224 
+3.810.652 

4.516,131 
+1,266,239 

4,590,400 
~2,574.932 

2,565,420 
~1,971,590 

34,946.245 
'7.336.435 

Tota 1 
Value of 
Ca tch in 

Dollars 

72. III 
• 60,486 

280.531 
+116,073 

276,118 
+ 111.477 

124.195 
+ 34,822 

126,600 
70.722 

78,271 
54.344 

957.825 
·196.78q 

Total 
No. of 
Oigger­
Tides 

Ou 

2,760 
+2.231 

8,372 
+ 3,430 

10.010 
+ 3.071 

~.241 
1,210 

4.960 
1, 18 

2.244 
'l,r38 

31 587 
'6.')55 

Total 
No. of 

17.184 
'7.2 16 

21 ,142 
• 7,162 

S, 5~~ 
+2,056 

9. SI 7 
+5,125 

6,267 1 
5.003 

66.004 
+13,~'1; 

1974 Sandworms 

Total Worm 
Catch in 

Number/Oi g­
er Tide 

1.137 
+ 173 

'.165 
+198 

875 
+245 

1.482 
2/3 

<HO 
L15 

1.102 
67 

1.12r;, 
88 

Total Cutch 
in ~lumbers/ 

Digger 
Hours 

542 
+ 97 

577 
• 120 

412 
+ 115 

863 
+ 112 

506 
131 

404 
+ 48 

559 
+ 43 

Total 
Catch In 
Pounds/ 
o gger 

Ti de 

Probabi I i ty Sampl ing Expans ions lIatios of 2 Var,ables 

Apri I 

May 

June 

July 

Aug. 

Sept. 

Total Total 
Catch in Catch in 

Pounds Numbers 

36.001 2.678,760 
+20,352 ~1,441.976 

30.212 2,158.167 
±27,853 ±1,989.731 

74.357 5,410,463 
±36,140 ±2,704.834 

55.577 5.146.778 
±32,657 ±3,068,389 

80,531 
±30,471 

30,749 
±15,601 

5.583,067 
±1,877,0 12 

2,795,450 
±1,416.962 

Totals 307,426 23,772,684 
±68,807 ±5,3 19,814 

Total 
Value of 
Ca tch in 

Dollars 

76,915 
.41.638 

64.745 
'59.692 

156.294 
.80.433 

148,976 
+89.771 

162,855 
±54,101 

86.217 
±41.646 

696,003 
±156.482 

Total 
No. of 
Oigger­
Tides 

Ou 

2.772 
+1 .411 

1.840 
1.696 

4.872 
+2.186 

6,188 
+ 3.623 

6.413 
+2.328 

2,695 
+1.217 

24,781 
± 5,448 

Total 
No. of 
Oigger-

5.66' 
+3.01l 

3.910 
+3 .60~ 

8.891 
+4.026 

12.778 
+7,527 

12.821 
'4,4 13 

4.480 
+2 091 

48,542 
±10,899 

40 

Total Wor'll 
Catch In 

~,'"mber/Dlg­
er Tide 

1,4 11 

1.076 
+262 

803 
• 39 

929 
• 85 

1.020 
167 

1,028 
+ 60 

Total Catch 
In Numbers/ 

Digger 
Hours 

459 
'31 

659 

391 
+16 

433 
+59 

592 
+85 

523 
+24 

Total 
Catc" in 

Pounds/ 
Digger 
Tide 

13.93 
+4 14 

19.61 

14.91 
+3.75 

9.00 
+ 1 .56 

14.04 
+3.48 

10.91 
+1 .82 

13.75 
+1.16 

To al 
Catch in 

Pounds/ 
Digger 
Hours 

Total 
CatCh in 
Pou~ds/ 
Digger 

tiou rs 

6 79 
+ 1 55 

9.23 

8.47 
t 1.03 

4.38 
+ 1. 15 

6.55 
+ 1.78 

6.33 
± 1.37 

6.96 
± .52 



Table D.-Continued. 

1975 Sandworms 

Pro babi I i ty Samel ing Exeansions Ratios of 2 Variables 

Total Total Total Total 
Total No. of No. of Total Worm Total Ca tch Catch in Catch in 

Total Total Value of Digger- Catch in in Numbers/ Pounds/ Pounds/ 
Catch in Catch in Catch in Tides Number/Dig- Digger Digger Digger 

1975 Pounds Numbers Dollars Du er Tide Hours Tide Hou rs 

Apr i 1 22,126 1,036,292 29,346 1,830 2,441 587 421 12.73 9.14 
±13,695 ± 653,061 ± 18,193 ±1,190 ± 1,506 ± 39 ± 29 ± 1.45 ± .19 

May 153,137 12,051,848 346,453 9,471 19,222 1,279 692 16.25 8.79 
±83,385 ±6,578,737 ±189,807 ±4,702 ±10,568 ±335 ± 71 ±4.16 ± .90 

June 50,171 4,198,075 118,728 2,898 5,445 1,506 761 17.88 9.03 
±32,697 ±2,704,852 ± 75,205 ±1 ,932 ± 3,384 ± 32 ± 119 ± .12 ±1.66 

July 64,853 6,227,183 171,249 5,597 11,332 1,053 545 11.06 5.73 
±46,772 ±4,554,999 ±125,262 ± 3,955 ± 8,690 ± 89 ± 50 ± .64 ± .66 

Aug. 26,593 2,251,568 65,935 2,457 4,903 916 459 11.18 5.60 
± 11,237 ± 940,503 ± 27,781 ±1 ,134 ± 2,144 ±155 ± 45 ± 1.99 ± .36 

Sept. 18,194 1,007,903 29,851 1,150 2,404 877 419 15.83 7·57 
±14,700 ± 756,806 ± 22,714 ± 834 ± 1,847 ± 51 ± 16 ±2.82 ± .62 

Totals 335,075 26,772,867 761,562 23,402 45,746 1,051 558 14.16 7.65 
±103,633 ±8,557,325 ±242,882 ±6,699 ±14,455 ± 67 ± 28 ± .93 ± .37 

1976 Sandworms 

Probabi 1 i ty Same ling Exeansions Ratios of 2 Variables 

Total Total Total Total 
Tota 1 No. of No. of Tota 1 Worm Total Catch Ca tch in Ca tch in 

Total Total Value of D i gger- Digger- Catch in in Numbers/ Pounds/ Pounds/ 
Catch in Catch in Catch in Tides Number/Dig- Digger Digger Digger 

1976 Pounds Numbers Dollars Du er Tide Hours Tide Hours 

Apri I 8,3 15 615,672 18,470 734 1,102 838 559 11.32 7.55 
± 7,716 ± 571 ,319 ± 17,140 ± 681 ± 1,022 ± - ± - ± - ± -

May 61,223 4,167,900 116,970 3,600 7,161 1,126 533 16.60 7.85 
±31,447 ±2,168,487 ± 59,382 ±1,674 ±2,714 ±153 ±109 ±2 .39 ±1.52 

June 65,004 4,441,554 135,375 3,229 5,654 1,469 822 20.72 11.59 
±54,839 ±3,634,273 ±1l0,857 ±2.699 ±4,651 ± 75 ± 2 ± .99 ± 1.17 

July 192,101 15,169,140 474,884 10,458 23,247 1,384 614 17.13 7.61 
±77,777 ±5,933,135 ±180,290 ±3,949 ±8,611 ± 95 ± 68 ±1.03 ± .87 

Aug. 20,577 1,423,860 46,276 1,596 3,819 881 368 12.76 5.33 
±12 ,158 ± 826,382 ± 26,863 ± 940 ±2,253 ±136 ± 59 ±3.96 ±1.69 

Sept. 61,970 6,318,333 194,715 4,533 9,834 1,356 626 13·56 6.26 
±25,81 1 ±2,613,942 ± 80,676 ±1,869 ±4,127 ± 41 ± 40 ±2.87 ±1.67 

Totals 409,189 32,136,459 986,690 24,151 50,817 1,184 592 15.40 7.73 
±104,494 . ±7,807,329 ±236,314 ±5,525 ±11,239 ± 38 ± 22 ± .92 ± .52 

41 



Table 14.-A monthly and 6 mo combined summary of bloodworm catch statistics data collected between 1973 and 1976. 

CATCH STATISTICS (SU MMARY ) 

TOTAL CATCH IN GR A MS (9m. ) 

2 TOTAL A CC EPTE D CATCH IN NUMBERS (no.) 

3 TOTAL VALUE OF CA TCH ($) 

4 TOTAL No MALES IN SAMPLES 

5 TOTAL No FEMALES IN SAMPLES 

6 TOTAL No DIGGER TIDES 

7 TOTAL No DIGGER HOURS 

8 MEAN WEIGHT OF WORMS IN SAMPLES 

9 CATCH IN No. DIGGER TIDE 

10 CATCH IN 9m. / DIGGER TIDE 

11 CATCH IN LB. / DIGGER TIDE 

12 CATCH IN No. / DIGGER HOUR 

13 CATCH IN 9m. / DIGGER HOUR 

14 CATCH IN LB. / DIGGER HOUR 

15 VALUE DIGGER TIDE ($) 

16 VALUE DIGGER HOUR ( $ ) 

17 VALUE 9m ($) 

18 VALUE LB ($) 

CATC H STATISTICS (SU MMARY ) 

TOTAL CATCH IN GRAMS (9m.) 

2 TOTAL ACCEPTED CATCH IN NUMBERS (no. ) 

3 TOTAL VALUE OF CATCH ($) 

4 TOTAL No MALES IN SAMPLES 

5 TOTAL No fEMALES IN SAMPLES 

6 TOTAL No DIGGER TIDES 

7 TOTAL No DIGGER HOURS 

8 MEAN WEIGHT OF WORMS IN SAMPLES 

9 CATCH IN NO' 1 DIGGER TIDE 

10 CATCH IN 9m. / DIGGER TIDE 

11 CATCH IN LB. / DIGGER TIDE 

12 CATCH IN No. / DIGGER HOUR 

13 CATCH IN 9m. / DIGGER HOUR 

14 CATCH IN LB./DIGGER HOUR 

15 VALUE DIGGER TIDE ( $ ) 

16 VALUE DIGGER HOUR ($) 

17 VALU E 9m ($) 

18 VALUE / LB ($) 

APRIL 

5q244.78 

20773 

1,038.65 

62 

89 

50 

124.81 

2.71 

415 

1)24.90 

2A8 

166 

450.64 

.99 

20.77 

8.32 

.01847 

8.38 

APRI L 

92,664.20 

44,165 

2,208.25 

39 

53 

89 

229.12 

2,10 

496 

1,041,17 

2,30 

193 

404,44 

,89 

2~,81 

9.64 

,02383 

10,81 

MAY 

71,862.53 

32.005 

1,612.15 

o 

o 

76 

219.13 

2.25 

421 

945.56 

2.08 

146 

327.94 

.73 

21,21 

7.36 

.02243 

10.1 8 

MAY 

80.986.92 

40.200 

2,010.00 

o 

8 

53 

175.77 

2.01 

758 

1,528.06 

3,37 

229 

460)6 

1.02 

37.92 

11 114 

. 02482 

11.26 

42 

1973 

JUNE 

56,002.77 

31,426 

1.571 .30 

57 

146.36 

1.78 

551 

982.50 

2.17 

215 

382.64 

,84 

27.57 

10.74 

,02806 

12,73 

1974 

JUN E 

106,138,27 

42,025 

2,326.03 

73 

206.4 0 

2,5 3 

576 

1,45 3,95 

3.21 

204 

51 4,24 

1.13 

31.86 

11.27 

.02192 

9.94 

BLOODWORMS 

JULY 

60.927.36 

35;489 

1,774 ,45 

71 

166.31 

1.72 

500 

858.13 

1.89 

213 

366.35 

,81 

24.99 

10.67 

.02912 

13.21 

AUGUST 

59,383.68 

46,193 

2,309.65 

59 

157.89 

1.29 

783 

1006.50 

2,22 

293 

376.11 

.83 

39.15 

14.63 

,03889 

17.64 

SEPT 

67.803.83 

33,574 

t678.70 

44 

93.25 

2.02 

763 

1541.00 

3.40 

360 

727.12 

1.60 

38J5 

18.00 

.02476 

11.23 

BLOODWORMS 

JULY AU G SEPT 

117,692,78 

42,345 

2.117.25 

74 

206.32 

2 .78 

572 

1,590,44 

3.51 

205 

570.44 

1,26 

28.61 

10.26 

, 01799 

8.16 

70,191.48 145,725,60 

2~,670 46,0 17 

1,233,50 2,4 8 4.51 

54 71 

157,99 201.75 

2.13 5 3.1 7 

457 648 

1,299.84 2,052,4 7 

2,87 4,53 

156 228 

444.28 722,31 

. 9 8 1,59 

22,84 34.99 

7.81 12.31 

, 01757 , 01705 

7.97 7,73 

TOTAL 

372.224.95 

199:460 

9984.90 

62 

89 

357 

907.75 

1.87 

559 

1042,65 

2.30 

220 

410.05 

.90 

27.97 

11.00 

.02682 

12,17 

TOTAL 

613,399,25 

239,422 

12,3 79.54 

39 

61 

414 

1,177,35 

2,56 

578 

1,4 81,64 

3,27 

203 

521.00 

1.15 

29,90 

10.51 

,02018 

a15 



Table 14,-Continued, 

CATCH STATISTICS (SU MMARY ) 

1 TOTAL CATCH IN GRAMS (9ms ) 

2 TOTAL A CCEPTED CATCH IN NUMBERS (nos ) 

3 TOTAL VALUE OF CATCH (i) 

4 TOTAL No MALES IN SAMPLES 

5 TOTAL No FEMALES IN SAMPLES 

6 TOTAL No DIGGER TIDES 

7 TOTAL No DIGGER HOURS 

8 MEAN WEIGHT OF WORMS IN SAMPLES 

9 CATCH IN Nos / DIGGER TIDE 

10 CATCH IN 9ms / DIGGER TIDE 

11 CATCH IN LBs I DIGG ER TIDE 

12 CATCH IN Nos / DIGGER HOUR 

13 CATCH IN 9ms / DIGGER HOUR 

14 CATCH IN LBs / DIGGER HOUR 

15 VALUE / DIGGER TIDE ($) 

16 VALUE/DIGGER HOUR ( $ ) 

17 VALUE/9m ($) 

18 VALUE / LB ($) 

CATCH STATISTICS ( SUMMARY ) 

TOTAL CATCH IN GRAMS (9ms ) 

2 TOTAL ACCEPTED CATCH IN NUMBERS (nos ) 

3 TOTAL VALUE OF CATCH ($) 

4 TOTAL No MALES IN SAMPLES 

5 TOTAL No FEMALES IN SAMPLES 

6 TOTAL No DIGGER TIDES 

7 TOTAL No DIGGER HOURS 

8 MEAN WEIGHT OF WORMS IN SAMPL ES 

9 CATCH IN Nos/ DIGGER TIDE 

10 CATCH IN 9ms / DIGGER TIDE 

11 CATCH IN LBs / DIGGER TIDE 

12 CATCH IN Nos / DIGGER HOUR 

13 CATCH IN 9ms / DIGGER HOUR 

14 CATCH IN LBs / DIGGER HOUR 

15 VALUE ' DIGGER TIDE ($) 

16 VALUE / DIGGER HOUR ($) 

17 VALUE/9m ( $ ) 

18 VALUEILB ($) 

APRIL 

3,900.65 

1,730 

86.50 

o 

o 

3 

7.20 

2,25 

577 

1,300,22 

2.87 

240 

541.76 

1.19 

28,83 

12.01 

,02218 

10,06 

APRI L 

56,133.81 

24,000 

1,200.00 

17 

27 

39 

117.83 

2,34 

6 15 

1439,33 

3,1 7 

204 

476.40 

1.05 

30.77 

10.18 

.02138 

9.70 

MAY 

77,739.65 

28,815 

1,440,75 

o 

3 

35 

109.92 

2,70 

823 

2,221.13 

4.9 0 

262 

707. 24 

1.56 

41.16 

13.11 

.0 1853 

8.41 

MAY 

33,559,78 

11400 

570,00 

o 

o 

18 

63.01 

2,94 

633 

1864,43 

4.11 

181 

532,61 

1.1 7 

31.67 

9.05 

, 01698 

7.70 

43 

1915 

JUNE 

64,811)0 

22,583 

1,129.15 

46 

134,70 

2.87 

491 

1,408.95 

3.11 

168 

481,16 

1.06 

24,55 

8.38 

. 0 1742 

7.90 

1976 

JUNE 

68,535.90 

33,337 

1,833.54 

49 

164.19 

2,06 

680 

1398.69 

3.08 

203 

417,42 

.92 

37,42 

11.17 

. 02675 

12.13 

BLOODWORMS 

JULY 

75,920.11 

25,215 

1,260)5 

42 

123.54 

3.01 

600 

1,807.62 

3,99 

204 

614.54 

1.36 

30.02 

10,21 

.01661 

7,53 

AUGUST 

125,309,41 

37,665 

1,883,25 

64 

187.09 

3.33 

589 

1,957,96 

4.32 

201 

669,78 

1.48 

29,43 

10,07 

,015 03 

6.82 

BLOO DWORMS 

JUL Y 

111,930,92 

37,727 

2,088,98 

78 

214,52 

2.97 

484 

1435.01 

3.16 

176 

521) 7 

1.15 

26,78 

9,74 

.01866 

8.47 

AUGUS T 

47,779.81 

12,546 

709.1 8 

32 

86.62 

3,81 

392 

1493.12 

3.29 

145 

551.60 

1.22 

22.16 

8.19 

. 01484 

6,73 

S E P T TOTAL 

70,181 .84 417,863;36 

22,370 138,378 

1,118.50 6,918.90 

29 

78,37 

3.14 

771 

2,420,06 

5.34 

285 

895.52 

1.97 

38.57 

14,27 

.01 594 

7.23 

SEPT 

93,999,79 

33,310 

1,384.58 

56 

173.23 

2,82 

595 

1678.57 

3JO 

192 

542.63 

1.20 

33.65 

10.88 

.02005 

9.09 

o 

3 

219 

640.82 

3.02 

632 

1,908.05 

4.21 

216 

652.08 

1.44 

31.59 

10.80 

.01656 

7,51 

TOTAL 

411,940.01 

152320 

&286.28 

17 

27 

272 

819.40 

2,70 

560 

1.514,49 

3.34 

186 

502)3 

1.11 

30,46 

10.1 1 

,02012 

9. 12 



Table 15.- A monthly and 6 mo combined summary of sand worm catch statistics data collecte~ between 1973 and 1976. 

CATCH STATISTICS (SU MM ARY) 

TOTAL CATCH IN GRAMS (9m, ) 

2 TOTAL ACCEPTED CATCH IN NUMBERS (no, 1 

3 TOTAL VALUE OF CATCH $ \ 

4 TOTAL No MALES IN SAMPLES 

5 TOTAL No FEMALES IN SAMPLES 

6 TOTAL No DIGGER TIDES 

7 TOTAL No DIGGER HOURS 

8 MEAN WEIGHT OF WORM5 IN SAMPLES 

9 CATCH IN No, DIGGER TIDE 

1.0 CATCH IN 9m, DIGGER TIDE 

11 CATCH IN LB, DIGGER TIDE 

12 CATCH IN No,/DIGGER HOUR 

13 CATCH IN 9m, DIGGER HOUR 

14 CATCH IN LB, DIGGER HOUR 

15 VALUE DIGGER TIDE ($ 

16 VALUE DIGGE R HOUR (S) 

17 VALUE 9m (SI 

18 VALUE LB (S) 

CATCH STATISTICS (SU MMARY ) 

TOTAL CATCH IN GRAMS 9m,) 

2 TOTAL ACCEPTED CATCH IN NUMBERS no, I 

3 TOTAL VALUE OF CATCH 

4 TOTAL No MALES IN SAMPLES 

5 TOTAL No FEMALES IN SAMPLES 

6 TOTAL No DIGGER TIDES 

7 TOTAL No DIGGER HOURS 

8 MEAN WEIGHT OF WORM5 IN SAMPLES 

9 CATCH IN No, DIGGER TIDE 

1.0 CATCH IN 9m, DIGGER fiDE 

11 CATCH IN LB, DIGGER TIDE 

12 CATCH IN No, DIGGER HOUR 

13 CATCH IN 9m, DIGGER HOUR 

14 CA TC H IN LB, DIGGER HOUR 

15 VALUE DIGGER TIDE ($) 

16 VALUE DIGGER HOUR ($) 

17 VALUE 9m (S) 

18 VALUE LB ($) 

APRIL 

199.029.92 

2563.0 

522.54 

2.0 

41.66 

7.77 

1282 

9,951.5.0 

21.94 

615 

4,777.48 

1.0.53 

26.13 

;2.54 

• .0.0263 

1.19 

APRIL 

12.0939 • .09 

19385 

554.19 

22 

<\ 4.93 

6.24 

881 

5497.23 

12.12 

431 

2,691)2 

5.94 

25.19 

12.33 

• .0.0458 

2 • .08 

MAY 

47.0638.6.0 

55715 

1541.37 

46 

94.42 

8 .45 

1211 

1.0231.27 

22.56 

59.0 

4984.52 

10.99 

33.51 

16.32 

. 00328 

1,49 

MAY 

1973 

JUNE 

413145)2 

52732 

1517.13 

55 

119.46 

7.83 

959 

7511.74 

16.56 

441 

3458.44 

7.63 

27.58 

12.7.0 

• .0.0367 

1.67 

1974 

JUNE 

5ANDWORM5 

JULY 

13C278J1 

23686 

651.37 

17 

29.08 

5.5.0 

1393 

7663A2 

16.9.0 

815 

4479.99 

9.88 

38.32 

22 .4.0 

• .0.05.0.0 

2.27 

SANDWOR M S 

JULY 

89,356.4.0 214561.2.0 136.734.;33 

14,.075 

422.25 

12 

25.5.0 

6.35 

1,173 

3,5.04.17 

7.73 

552 

3,5.04.17 

7.73 

35.19 

16.56 

• .0.04 73 

2.14 

44 

34425 

994 .45 

31 

56.57 

6.23 

1,1 1.0 

6921.33 

15.26 

6.09 

3.792.84 

8. 36 

32 • .08 

17.58 

• .0.04 63 

2 ~ .0 

27834 

8.05.2.0 

34 

7.0.21 

4. 91 

819 

4.021.6.0 

8.87 

396 

1,947. 51 

4.2 9 

23.68 

11 .4 7 

• .0.0589 

2.6 7 

AUGUST 

153122.73 

2869.0 

791.25 

11 

84 

31 

59.48 

5.34 

925 

4939.44 

1.0.89 

482 

2574.36 

5.68 

25.52 

13.3.0 

• .0.0517 

2 .34 

AUGUS T 

SEPT 

71.393) 5 

19435 

592.96 

24 

31 

17 

47.48 

3.67 

1143 

4199.63 

9.26 

4.09 

15.03.66 

3.32 

~88 

12.49 

• .0.0831 

3.77 

SEPT 

21Q7C1.94 113.838.62 

32210 

939.55 

49 

155(2211 

37 

73;97 

6,54 

871 

5694.65 

12,56 

435 

2,8 4 8 ;\ 8 

6.28 

25.39 

12.7.0 

• .0.0 446 

2iJ 2 

22,82.0 

7.03 .81 

21 

22 (9 I ) 

22 

36.57 

4.99 

1.037 

5,17 4.4 8 

11.41 

62 4 

3 112.9 .0 

6jl 6 

3 1.9 9 

19 .25 

• .0.0 618 

2.8.0 

TOTAL 

1,4376.08.83 

2.05888 

5616..62 

35 

115 

186 

391.58 

6.98 

11.07 

7n9.C8 

17 • .04 

526 

3671.3.0 

8.10 

3Cl.2C 

14.34 

• .0.0391 

1.77 

TOT A L 

886131.58 

15.0,749 

4419.45 

7.0 

177 (31 1 1 

158 

3.07.75 

5.88 

95 4 

5,6.08.4 3 

12 .37 

4 9.0 

2,879.39 

6.35 

2 7.97 

14. 36 

iJC499 

2.26 



Table IS. -Continued. 

CATCH STATISTICS (S UMMARY ) 

TOT A L CATCH IN GRAMS (9m, ) 

2 TOTA L ACCEPTED CATCH IN NUMBERS (no, ) 

3 TOTAL VALUE OF CATCH ($1 

4 TOTAL No MALES IN SAMPLES 

5 TOTAL No FEMALES IN SA MPLE S 

6 TOTAL No DIGGER TIDES 

TOTAL No DIGGER HOURS 

8 MEAN WEIGHT OF WORMS IN SAMPLES 

9 CATCH IN No,/ DIGGER TIDE 

10 CATCH IN 9m, / DIGGER TIDE 

11 CATCH IN LB, / DIGGER TIDE 

12 CATCH IN No, / DIGGER HOUR 

13 CATCH IN 9m, / DIGGER HOUR 

14 CATCH IN LB, / DIGGER HOUR 

15 VALUE / DIGGER TIDE ( $ ) 

16 VALUE/DIGGER HOUR ( $ ) 

17 VALUE / 9m ( $ ) 

18 VALUE / LB ( $) 

CATCH STATISTICS (S UMMARY ) 

TOTAL CATCH IN GR AM S (9m, ) 

2 TOTAL ACCEPTED CATCH IN NUMBERS (no, ) 

3 TOTAL VALUE OF CATCH ($) 

4 TOTAL No MALES IN SAMPLES 

5 TOTAL No FEMALES IN SAMPLES 

6 TOTAL N o DIGGER TIDES 

7 TOTAL No DIGGER HOURS 

8 MEAN WEIGHT OF WORMS IN SAMPLES 

9 CATCH IN No,/ DIGGER TIDE 

10 CATCH IN 9m, / DIGGER TIDE 

11 CATCH IN LB, / DIGG ER TIDE 

12 CATCH IN No, / DIGGER HOUR 

13 CATCH IN 9m, / DIGGER HOUR 

14 CATCH IN LB, / DIGGER HOUR 

15 VALUE / DIGGER TIDE ($) 

16 VALUE/DIGGER HOUR ( $ ) 

17 VALUE / 9m ($) 

18 VALUE / LB ($) 

APRIL MAY 

93,198,89 483,966,67 

9,625 83,985 

272,56 2,414, 31 

17 

22,66 

9,68 

566 

5,4 82,2 9 

12.09 

425 

4 ,112.93 

9. 07 

16.03 

12,03 

, 00292 

1.33 

APRIL 

66 

133,95 

5, 76 

1,272 

7,332.83 

16,17 

627 

3,613,04 

7, 97 

36, 58 

18.02 

. 00499 

2,26 

MAY 

1 975 

JUNE 

141,303.33 

26,0 75 

737.44 

18 

33,82 

5,42 

144 9 

7,850.1 8 

17, 31 

771 

4178.10 

9, 21 

40.97 

21.80 

,00522 

2,37 

1976 

JU N E 

30.806,69 308,507.92 209,9 75.38 

5,030 46,310 31 ,635 

150,90 1,299.67 964,21 

6 

9.00 

6.1 2 

838 

5,134.45 

11.32 

559 

3,4 2 2 ,97 

7.55 

25,1 5 

16.77 

. 00 4 90 

2).2 

4 0 

79.57 

6,66 

1,158 

7,7 12)0 

17.0 1 

582 

3,8 77.19 

8,55 

32,49 

16.33 

. 00 421 

1.91 

45 

23 

40,27 

6,64 

1,375 

9 129;3 6 

20.13 

786 

5,214.19 

11.50 

41.9 2 

23.94 

. 00459 

2.08 

SANDWORMS 

JULY AUGU ST 

204,965.1 5 90,8 4 3 ,24 

43,395 16,495 

1,193 ,37 4 83,04 

39 

78, 97 

4 .72 

1,'113 

5,255. 52 

11.59 

550 

2595 ,48 

5)2 

30,60 

15,11 

, 00582 

2.64 

SANDWORMS 

J U L Y 

691 ,435,47 

120,390 

3768.92 

33 

184,50 

5)4 

1,4 50 

8,330.55 

18,37 

653 

3,747.62 

8,26 

45.41 

20.4 3 

.005 45 

2.47 

66 

97 (171 ) 

18 

35,92 

5,51 

916 

5,046,85 

11.13 

4 59 

2,529.04 

5;:'8 

26.84 

13.45 

, 00532 

2.41 

AUGUST 

81032,30 

12,340 

4 00,98 

34 

69 (1 4 I) 

14 

33. 50 

6 .57 

88 1 

5,788.02 

12.76 

368 

2,418,87 

5,33 

28,64 

11,97 

.00495 

2.24 

SEPT TOTAL 

78,963,80 1,093,241,08 

9,645 189,220 

285,66 5,386, 38 

43 109 

46(71) 143 ( 241) 

11 

23,00 

8.1 9 

877 

7,178, 53 

15,83 

419 

3,433,21 

7;:'7 

25,97 

12 ,42 

. 00362 

1.64 

S E P T 

169 

328,32 

5,78 

1,120 

6,468. 88 

14,26 

576 

3,329.80 

7, 34 

31,87 

16.41 

.00493 

2,23 

TOTAL 

247,976,91 1,569,734,67 

55)50 271,455 

1,718.07 

74 

91(20Il 

40 

86.77 

4.45 

1,394 

6199,42 

13.67 

643 

2,8 57,86 

6 .30 

42.95 

19,8 0 

.00693 

3,14 

8,302.75 

108 

160 (3 41) 

206 

433.61 

5,78 

1,318 

7620, 07 

16,80 

626 

3,620.15 

7,98 

40.30 

19.15 

, 00529 

2.40 



~ 
"" ~ 
ffi 
0-

w 
u 
C1 
0-

~ 

'" 0 
3 
'" ~ 
w 
~ 

"" 0-

·08 

07 

06 

.05 

.04 

.03 

.02 

01 

.00 

.10 

09 

08 

07 

.06 

05 

04 

. 03 

.02 

01 o 
x 

1940 

Table 16.-A compa r ison of catch/effort da ta obta ined directly from the sampling and inter view datil and from ratio estimates. 

1973 

Ratio 

Sampling estimate 
and interview ( + I SE) 

Catch in no ./ 559 536 ± 36 
digger tide 

Catch in no . / 220 21O ± 12 

dIgger hour 
Catch in Ib ./ 2. 30 

digger tIde 
Catch in Ib ./ 0 .90 

digger hour 

Catch in no. / 1, 107 1, 120 ± 88 

digger tide 
Catch in no./ 526 559 ± 43 

di gger hour 
Catch in Ib ./ 17 04 

digger tide 
Catch in Ib ./ 8. 10 

digger hour 

(A) 
MAINE LANOINGS STATEWIDE AVERAGE 

o BLOODWORMS 
x SANDWORMS 

o 

1974 1975 1976 

Sampling 
and interview 

o 

578 

203 

3 .27 

1.15 

954 

490 

12 .37 

6 .35 

o 
o 

o 
0 0 

x 
x 

Ratio Ratio Rat io 

estimate Sampling estima te Sampl ing esllmate 
(± I SE) and inte rview (± I SE) and in terview (± I SE) 

Bloodworms 

630 ±20 632 662 ±26 560 567 ±35 

219±5 216 233±6 186 193 ± 6 

3 .53 ± 0 .20 4 .21 4.30 ± 0 .31 3 .34 3.50±0.21 

1.23 ± 006 1.44 I 51 ± 0 . 12 I. I I 1.20±0.07 

Sand worms 

1,028 ± 60 1, 120 1.051 ± 67 1,318 1,184±38 

523 ± 24 576 558 ± 28 626 592 ±22 

13 7S ± I . 16 14 .26 14 16 ± 0 93 1680 15.40±0.92 

6 .96 ± 0 52 7.34 7 65 ± 0 .37 798 7 .73 ±052 

Table 17.-The price/worm recorded by month during the commer cia l sam-
pling program for b loodworms and sand worms (1973-76). 

1973 1974 1975 1976 

Bloods Sand s Bloods Sands Bloods Sands Bloods Sands 

Apnl $0.050 $0024 $0.050 $0028 $0.050 $0.029 $0.050 $0.030 
May .050 .028 .050 .030 .050 .029 .050 .029 
June .050 .029 .051 .028 .050 .029 .055 .030 
Jul y .050 .028 .050 029 .050 .028 .060 .032 
August .050 .028 .050 .029 .050 .029 .057 .032 
Sept. 050 .028 .052 .032 .050 .029 .056 .031 

1945 1950 1955 1960 1965 1970 1975 1980 

sampling data for age . The method of Cassie (1950) was applied in 
deriving estimates of the number of assumed year-class modes from 
the length-frequency data presented in Figures 9 and 10, respec­
tively. The results of these analyses have been presented elsewhere 
(Creaser'?) . However, year-class modes are not obvious in these 
lumped length-frequency data, probably because worm growth 
varies between flats , worm growth occurs throughout the 6-mo 
commercial sampling period. and there is considerable overlap in 
length at age . The reliability of the age estimates presented in 
Creaser (footnote 37) are therefore questionable until the data can 
be verified against other aging techniques. Estimates of natural and 
fishing mortality, growth, and yield in weight per recruit are not 
included in this manuscript because of the problems inherent in the 
age analysis of the length-frequency data from which these esti­
mates are derived . 

(B) 
WISCASSET DEALER 

o BLO ODWORMS 

• SANDWORMS 

o 

o 

T 

o 

I x x Yield-Effort Curves 

00~~19~4~0~~1~94~5~~1~9~5~0--~19~5~5~~1~9~60~~19~6~5--~1~97~0~~19~7~5--~19~8~0 

Fisheries can be managed through size restrictions, a reduction in 
fishing (digging) mortality, or a combination of both methods. Suf­
ficient data presently exist to explore two means oflimiting digging 
mortality: limited entry and quotas. 

Figure l3.-The price/worm paid to bloodworm and sandworm diggers. (A) 
Price/worm information derived from Maine Landings estimates of landed 
value and pounds landed (converted to numbers landed). (B) Price/worm 
information recorded by a Wiscasset marine worm dealer. 

" Crease r. E . P . Jr. 1978 . Manne \\ orm research . Complelton report. ~laine Dep 
Mar. Rcsour .. Augu~ta. 226 p 
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Figure 14.-Bloodworm length-wet weight relationships: (A) The length­
weight relationship for male and female blood worms obtained during sam­
plings of the commercial catch, 1974-76 (all data points plotted). (B) The 
length-weight relationship for blood worms from all areas and all sexes com­
bined, collected during the commercial sampling program of 1974 (1 out of 30 
data points plotted). (e) Length-weight relationships for bloodworms collected 
during the 1974 samplings of the commercial catch from eastern Maine (Jones­
port, Beals, Addison, Milbridge, and Harrington combined) and the Sheep,cot 
River (excluding Montsweag Bay), (1 out of 10 data points plotted). 
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Figure 15.-Sandworm length-wet weight relationships: (A) Tbe lengtb-weigbt 
relationship for male and female sandw orms obtained during samplings of the 
commercial catcb, 1974-76 (males: lout of2 data points plotted, females: lout 
of 4 data points plotted). (B) Tbe length-weigbt relationsbip for sandworms 
from all areas and all sexes combined, collected during tbe commercial sam­
pling program of 1974 (lout of 15 data points plotted). (C) Length-weigbt rela­
tionships for sand worms collected during the 1974 samplings of tbe 
commercial catcb from eastern Maine (Jonesport, Beals, Addison, Milbridge, 
and Harrington combined) and the Sheepscot River (excluding Montsweag 
Bay), (lout of 5 data points plotted). 



Table 18.-The upper and lower confidence limits about the s lo pe (b) or bloodworm and sand worm length- " eight rej!.rc"ion\ . 

Males (all a reas) 

Females (a ll a reas) 

All a reas all sexes 

co mbined 

Eastern Maine 

Sheepscot Rive r 

Mal es (a ll a reas) 

Fe mal es (all areas) 

All a reas all sexes 

combined 

Eastern Maine 

Sheepscot Ri ver 

Slope 

(b) 

2.20052 

2 .34 133 

2.32236 

2.429 10 

2.2838 1 

2 .24379 

2 .2 1353 

2.23996 

2.40194 

2. 18866 

I SE of b 

(68% confidence limits) 

± 0 .09987 

± 0 .07225 

±0.01573 

± 0 .03297 

±0.02636 

± 0 .04789 

±0.04627 

± 0 .02022 

±0.02786 

± 0 .03385 

Table 19.-The number> ofb lood\\orms and ,a nd\\ orms per pound . 

Bloodworm, Sandwoflm 

Weight l 

1.96 SE or b 
(95 % confidence hmlts) 

Bloodworms 

±0. 19974 

±0. 14450 

±0.03 146 

±006594 

±0.05272 

Sand worms 

±0.09578 

±0.09254 

±0.04044 

±0.05572 

±0.06770 

95 <)f confidence IIm.t, 

about b-upper range 

2.40314 

2 53256 

2 35319 

2.49373 

2.33549 

2 33766 

2.30422 

2 27960 

2.45656 

2.25500 

95 ~ conf"knce IImll 
about b·lo .... cr range 

I 997 9 

2 15010 

2 29153 

2 36447 

2.23214 

2 14993 

2 12283 

2.20033 

2.34733 

2.12231 

Length 
(cm) 

Wciglll i 

(g) Wornb/ lb 

Lengt h 

(em) (g) Wormsllb 

Approximate values for a restriction on limited entry can be 
obtained from yield-effort curves (Pinhorn and Halhday 1975) 
Yield-effort relationships for blood worms and sand worms are pre­
sented in Figure 16 (A and B) . These resu lts suggest that the maxI­
mum sustainable yield (MSY) in numbers of blood worms and 
sand worms harvested was obtained with an effort of approximately 
1,300 licensed marine worm diggers. 

1973 

6-moX 
X+1.96SE 
X- I .96 SE 

Ma x. month . X 
Min . month . X 

1974 

6-moX 
X+ 1.96 SE 

X- 1.96 SE 

Max. mo nth . X 
Min . mo nth . X 

1975 

6-moX 
X+ 1.96 SE 

X- 1.96SE 
Max . month . X 
Min . month . X 

1976 

6-moX 
X + I.96SE 
X- 1. 96 SE 

Ma x. month . X 
Min . month . X 

18.72 

19.90 

17.54 

20.81 

16.99 

19.84 

20.58 

19.10 

21.68 

17.82 

20.74 

21.90 

19 .58 

23.10 

19.15 

20.83 

21.89 
19.77 

22.98 

18.57 

2.07 

2.40 

1.78 
2.66 

1.66 

2.37 

2.60 

2.18 

2.93 

1.85 

2.63 

2.99 

2.3 1 

3.39 

2.20 

2.66 

2.99 

2.37 

3.35 

2.05 

219 

189 

255 

171 

273 

191 

174 

208 

155 

245 

172 

152 

196 

134 

206 

171 

152 

191 

135 

221 

26. 11 

28.03 

24. 19 

3 1.36 

21.00 

26.22 

27.55 

24.89 

28. 16 

24.25 

26.77 

27.81 

25.73 

32.32 

24.31 

25.69 

26.51 

24.87 

27.45 

23.74 

5.49 

6.42 

4.63 

8.30 

3.37 

5.53 

6.22 

4.94 

6.52 

4.67 

5 .82 

6.32 

5.30 

8.84 
4.67 

5.30 

5.68 

4.94 

6.17 

4.42 

83 

71 

98 

55 

135 

82 

73 

92 

70 

97 

78 

72 

86 
51 

97 

86 

80 

92 

74 

103 

'Weight va lues derived from length-weight conversions (all areas. all sexes 
combined). 

Table 20.-The numbers of blood worms and sand worms per 

pound reported prior to 1970. 

Date 

1950-52 

1964 
1964 

1966 

1968 

1969 

Bloodworms Sandworms 
(no'/ lb) (no'/lb) 

44 

100 

115 

106 

142 

150 

40 

50 

57 

63 

80 

Source 

Cates and McKo" n 
(text footnote 36) 

Do" (1964) 
Cates and !-.fcKo" n 
(text footnote 36) 

Walton (text footnote 
35) 

Walton (text footnote 
35) 

Do" (1969) 

Prior to 1973, no attempt was made to record whether dIggers to 
whom marine worm digging licenses were issued were engaged 
mainly in bloodworm or sandworm digging, or digging for hoth 
species . This information was extracted from licenses Issued dur­
ing the period 1973-78 and the results are presented In Tahle 21 
The assumption has been made in Table 2 J that the proportion, cal­
culated from completed application forms also apply to that 
10.9-20.0% of the applicants who did not file completed appllG.I­
tions. On the basis of the information presented in Tahle 21 anJ 
assuming that the percentage of hcensed digger.; \~ ho dug onl) 
blood worms or sand worms prior to 1973 was the same a, It \\ a, 
between 1973 and J978, the MSY was obtatned ~tlh appro\1 
mately 815 bloodworm diggers (62.66% of 1.300), 386 sand\~orm 
diggers (29.72 % of L 300), and 99 diggers (7.62 7c of I. 1(0) \\11\1 

dug both species. A yield-effort relationship consisling of com­
bined bloodworm and sand worm landings plotted agaln,l the tntdl 
number of licensed marine worm digger.; is presentcJ In FIgure 
16C. These results suggest that the MSY for both speCie, comhlned 
could be obtained at a limited entf) figure of apprnxiJ11atd~ 1,300 
licensed marine worm diggers. 

Where sufficient data exist on the total cost of Jigging. and the" 
value of the catch over a period of ttme. a itmtleJ entf) llgure lor 

Table 21.-The percentage of liccn",d mann~ 'Hlfnl 

diggers digging blood,wrm" sand"orm" and both 
species (1973-78). 

lear 

IQ73 

1974 

1975 
1976 

19 
IQ' 

64.77 
fil )<) 

61.30 
64 '0 
63, 

5<) 7 

Sandv.orm' 

2842 
~'l 4' 

ltl ~3 

2\ 0 
~9 '19 
,~ 10 

91 

41 
, I~ 

6 I' 
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Figure 16.-Yield-effort curves: (A) bloodworms, (B) sandworms, (e) 
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optimal sustainable yield (OSY) can be approximated by the 
method of Gulland (1968). In the present case where a portion of 
this information is lacking , the cost of digging, the OSY can only 
be very roughly approximated (by inspection of Fig. 16A, B, C) at 
somewhere between 900-1,100 licensed marine worm diggers. 
Based upon the proportions presented in Table 21, this would be 
equivalent to approximately 564-689 bloodworm diggers, 
267-327 sandworm diggers, and 69-84 diggers who dig both spe­
cies. 

Assuming that OSY is very roughly approximated at 900-1, 100 
licensed marine worm diggers, very rough quotas of28-33 million 
bloodworms and 26-30 million sand worms can be estimated from 
the data presented in Figure 16 (A and B). 

MisceUaneous Information Obtained from 
Sampling Interview 

Digging Frequency . -One interview question dealt with the fre­
quency of bloodworm and sand worm digging expressed as the 
number of low tide periods occurring since the last low tide dug. 
The mean and standard error of the responses of all diggers inter­
viewed during each month of each year (1973- 76) are presented in 
Table 22. 

Table 22.-The frequency of bloodworm and sand worm digging 
expressed as the mean ( ± 1 SE) number of low tide periods occur­
ring since the last low tide period dug. 

Bloodworm diggers Sand worm diggers 

1973 

No. dIggers 

interviewed 

A 37 
M 31 

26 
36 

A 32 
S 20 

average 

1974 
A 34 
M 14 
J 44 

20 
A 21 
S 33 

average 

1975 
A 2 
M 14 

29 
19 

A 24 
S 19 

average 

1976 
A 19 
M 9 

30 
39 

A 18 
S 36 

average 

Overall 

average 

No . digge rs 

± I SE interviewed X ± I SE 

6.5 ±0.8 II 
5.6 ±2.0 24 
3.3 ±0.8 23 
2.1 ±0.2 13 
4.0 ± 1.6 23 

10.1 ±5.2 9 

5.3 average 

3.0 ±0.7 14 
4.4 ± 1.8 6 

I 1.2 ±4.4 24 
3.2 ±0.5 II 
3.0 ±0.3 28 
1.9 ±0.2 13 

4.5 

8.0 
2.1 
4.1 
2.0 
3.8 
3.3 

3.9 

2.2 
5.3 

13 . 1 
5 .7 
2 .3 

16.9 

7.6 

5.3 

±8.0 
±0.2 
± 1.1 
±0.2 
± 1.0 
±1.3 

±0.2 
± 0 .9 
±4.1 
±1.4 
±0.2 
±7.4 

average 

11 
22 
12 
24 
18 
10 

average 

6 
28 
9 

32 
14 
20 

aye rage 

Overall 

average 

6.5 ±2.0 
5.3 ± 1.0 
2.5 ±0.6 
2.5 ±0.5 
2.2 ±0.3 
5.2 ± 1.3 

4.0 

2.4 ±0.2 
5.0 ± 1.4 
3.1 ±0.6 
4.0 ±0.5 
2.8 ±0.4 
2.9 ±0.9 

3.4 

5.8 
2.6 
1.3 
5.5 
6.0 
1.3 

3.8 

2.5 
4.0 
1.8 
2.9 
2.0 
2.3 

2.6 

3.4 

±1.5 
±0.7 
±0.3 

±1.7 
±2.9 
±0.2 

± 13 
±0.4 
±0.2 
±0.3 
±O.O 

±0.3 

Digging Experience.-The number of years of digging exp<:ri­
ence was recorded for those bloodworm and sandwoml dlgg.:rs 
who were Interviewed during sampling. These data are expr<:~s<:d 
as a percent of the total number of diggers categonzed In each Incr.:­
ment of digging expenence by year In Table 23 It I evident from 
these data that digging for worms is frequentl) a short-ltved work 
experience; usually, the largest percentage of bloodworm and sand­
worm diggers interviewed had participated in marine worm dig­
ging activity for 4 yr or less. 

Table 23.-The percent of the total numuer of blood\! orm 
and sand worm diggers categorized in each increment of 
digging experience, 1973-76. 

Number of years 

diggtng expenence 

1- 4 
5-8 
9-12 

13-16 
17-20 
21-24 
25-28 
29+ 

1- 4 
5-8 
9-12 

13- 16 
17-20 
21-24 
25-28 
29+ 

1973 

50.51 
15.82 
15.31 
6.12 
6.63 
2.04 
255 
1.02 

34.23 
16.22 
24.33 

9.01 
II 71 

I 80 
2.70 

1974 1975 

Bloodworm digger; 

37583773 
16.76 2359 
1387 13.21 
17 34 12 26 
636 7.54 
I 73 1.89 
5 20 l.89 
I 16 I 89 

Sand worm dIggers 

22.12 
11 .54 
13 46 
20.19 
1442 
288 

1058 
481 

2371 
17.53 
17 53 
11 34 
12 37 
824 
2.06 
722 

1976 

3525 
2302 
935 

11.51 
13 .67 
1.44 
288 
288 

2752 
13 76 
2202 

6.43 
16.51 
3.67 
2.75 
7 34 

Age of Marine Worm Diggers.-Age-frequency distributions 
for bloodworm and sandworm diggers inten iewed are expressed 
as a percent of the total number of bloodworm and sand worm dig­
gers interviewed in each age category In Table 24. It IS eVident from 
these data that the numbers of diggers in age categones be) ond ag<: 
40 decline rapidly. The results also show that there are few diggers 
under age 9 and over age 60. The mean age ± I SE for all blol)d­
worm and sand worm diggers interviewed dunng each sampling 
year is shown in Table 25 . 

Table 24.-Tbe percent of the total number of blood­
\! orm and sand worm diggers inter> ie\! cd in each a~e 
categor) (1973-76). 

DIgger age 

$9 
10- 19 
20-29 
30-39 
40-49 
50-59 
2:60 

$9 
10-19 
20-29 
30-39 
40-49 
50-59 
2:60 

1973 

1.09% 
31.87 
26.37 
24.73 
10.44 
3.30 
220 

000% 
21 15 
3462 
2500 

9.62 
769 
I 92 

1974 1975 

Blood" arm digger; 

o OO~ 0.00'" 
20 23 24 ,(I 

3988 3·U8 
23 81 22.43 
10 12 1402 
2.98 \ 74 
2 9~ () 9.\ 

Sand"orm digger 

0.00% 0 00 
12 .3 ~ 175.1 
35.24 -'I 96 
24 ~6 22 6 

19.05 104<1 
, .57 I' 34 
000 000 

1976 

O.OG% 
III 77 

34 10 
29 1'1 

8 ]0 

7 45 ,71 

(J()() 

21 II 
'II II 
25 56 
1- -

., II 

III 



Table 2S.-The mean age ± l SE of bloodworm and 
sand" orm diggers interyie" ed during each sampling 

)ear (1973-76). 

Bloodworm diggers Sandworm diggers 

Year .v Xage +1 SE N X age ± I SE 

1973 182 27.7 ±0.9 104 29.8 ± 1.2 

1974 168 29.6 ±0.9 105 31.9 ± 1.1 

1975 107 29.1 ± 1.1 97 31.7 ± 1.2 

1976 161 31.2 ± 1.0 90 30.9 ±1.2 

Percentage of Day and Nighttime Digging.-The results of one 
interv iew question regarding the percentage of bloodworm and 
andv.orm diggers who responded that the last tide dug occurred 

during daylight (one-half hour before sunrise to one-half hour after 
~unset) or at night are presented in Table 26. These results indicate 
that most digging occurs during daylight. A greater percentage of 
sandvorm than bloodworm diggers dig worms at night. Night dig­
ging is accomplIshed with the aid of a miner's light attached to the 
head. 

Table 26.-The percent of bloodworm and sand­
"orm diggers reporting that the last tide dug 
occurred during da)light or at night (1973-76). 

Bloodworms Sandworms 

Year Daylight Night Daylight Night 

1973 94 6 86 14 

1974 97 3 92 8 
1975 98 2 89 II 
1976 97 3 80 20 

Percentage of Male and Female Worm Diggers.-The per­
centage of male and female bloodworm and sand worm diggers 
recorded during sampling interviews is shown in Table 27. Few 
\\omen are involved in this occupation. 

Table 27.-The percent of male and female blood"orm 
and ,and"orm diggers recorded during sampling 
intenie"s (1973-76). 

Bloodworm diggers Sandworm diggers 

Year Males Females Males Females 

197, 98.4 1.6 99.5 0.5 
1974 98.3 1.7 100.0 0.0 
I '!7S 99 I 0.9 98.8 1.2 
197 6 95.3 4.7 100.0 0.0 

Decline of Bloodworm Landings After 1975 

The blond\\orm industry, unlik.e the sandworm industry, experi­
enced a considerable decrease in productIOn between 1975 and 
1979 (Table 28) Many factors probably contributed to this decline . 

1 ahk 2ll.-The perce'lt gain or reduction in blood" orm and 
,and"orm production bet"een 1975 and 1979. 

.: gam or ]\;001 CC gain or 
) r t-Ilood\.l.Uflll:> rt:du("llun ~andv.. nrms reduction 

19 'I ~<; b l ~.OOO 29935.000 
'I 6 ~l 4'1-1 UOO '-\ I X 27.915.000 -6.75 
47 11 474 t~)() 25 5U 21}.506.0(X) +5.70 

19' Ib 2112 000 j 28 21}.9'7.0()() + 1.46 
197 1} I~ 1tH.OO(l + 14.52 2'l.77b.UOU .,.0.5-1 

The failure of the Sheepscot River as a major bloodworm pro­
ducer is probably responsible for a significant portion ofthe decline 
in production from western Maine. The exact nature of this contin­
uing failure is unknown but it may be that oil (Page38

) or toxic 
chemicals are contributing factors. 

Dow (footnote 18) attributes the decline in production to the fol­
lowing causes: 1) Naturally occurring fluctuations in abundance 
and availability are associated with such environmental factors as 
seawater temperature. The mean annual sea temperature increased 
from an optimum of 8.4 °e (1972) and 8.8°e (1973) to an above 
optimum of9.2°e (1974). 2) A decline was apparent in the num­
bers of licensed marine worm diggers . Licenses dropped from 
1,267 (1975) to 1,105 (1979). The possibility exists, however, that 
licenses declined as the result of decreased demand and production 
and not vice versa. 3) Toxic oil spills, heavy metals contamination, 
and possibly the presence of other pollutants may account for a por­
tion of the decline. 4) A 3-wk strike during 1976 may have reduced 
production by as many as 3 million worms. 5) Poor market condi­
tions resulted in a decrease in digging effort. Following a series of 
telephone conversations wi th marine worm wholesalers and retail­
ers, Walton39 concluded that the poor market conditions resulted 
from 1) a reduction in the availability of some sport fish (striped 
bass, flounder) in the centra! states (New Jersey, Delaware , Mary­
land) where blood worms are used extensively, and 2) either switch­
ing from both species of marine worms to alternate and less 
expensive baits (clam necks, night crawlers) in the northeast 
(Rhode Island, New York, Massachusetts) or switching from 
bloodworms to less expensive sandworms. 

A decline in fishing activity resulting from the gas shortage and 
the poor quality (small size) of blood worms may be other contribut­
ing factors. 

In many commercial digging areas, diggers and shippers report 
that overharvesting is a primary cause of the decline in production. 
However, no research directed toward collecting the catch/effort 
data necessary to confirm or deny these claims has existed since 
1976. 

Previous declines in marine worm landings have been attributed 
to cyclic changes in the environment (Dow ;40 Dow and Wallace 
footnote 13), gradual changes in soil composition (Klawe and 
Dickie 1957), expansion of the commercial area dug (Dow and 
Wallace footnote 13), and changes in tidal exposure because of 
bridge and highway construction (Ganaros footnote 4) . 

Suggestions for Improving Future 
Marine Worm Sampling Programs 

It is apparent, from the magnitude of the standard errors about the 
monthly probability expansion estimates (Table 12), that greater 
accuracy (smaller standard errors) could be obtained by sampling 
on more than six daylight low tide periods per month . Although we 
were not initially optimistic about increasing the accuracy ofproba­
bility estimates because of project restrictions on time, funding, 
and manpower, an attempt was made to estimate by optimum and 
proportional allocation the number of sampling daylight low tides 

U<iPi..lgc D. S, I Y77 A ... un C) 01 h) urncarhon ... in blnn<...l\, orl11\ anu aCl'Ompan) Ing 
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required to obtain a minimum desired accuracy of ± 15 % about the 
mean expansion estimate (total catch in numbers , total number of 
digging hours dug , etc.) at the 90 % confidence level. The results of 
these analyses on both blood worms and sand worms are shown in 
Tables 29 and 30 , respectively. In most cases (using both optimum 
and proportional allocation) , the number of sampling daylight low 
tides required to obtain the desired accuracy exceeds the number of 
tides which could reasonably be sampled. Furthermore, to make 
use of optimal allocation, one must be able to reliably predict the 
relative variability which occurs in each stratum (month), but the 4 
yr of data do not demonstrate consistent monthly variabili ty from 
year to year. Because of these problems, we chose to sample six 
daylight low tide periods per month , and accept the large standard 
errors about the mean estimates for probability expansion esti­
mates. 

We applied the combined methodology of Gulland (1966) , Pope 
(1956), and Snedecor and Cochran (1967) to determine whether 
satisfactory estimates of mean length in a future commercial marine 
worm sampling program could be obtained with less sampling of 
worms/digger; diggers/dealer, and dealers/month. The results of 
th is analysis indicate that variability of no more than ± 15 % of the 
estimated mean at the 95 % confidence level could be obtained for 
bloodworm lengths by sampling approximately 10 measurable 
worms/digger, 6 diggers/dealer, and 2 dealers/mo (if only 1 mo was 
sampled). Similar data could be collected for sandworms by sam­
pling approximately 14 measurable worms/digger, 5 diggers/ 
dealer, and 1 dealer/mo (Creaser footnote 37). Obviously, the 

Table 29 .-Calculations of the desired frequency of monthly samplings 
for blood worms to obtain a minimum accuracy of ± 15% about the 
mean estimate for 1) total catch in numbers and 2) total number of dig-
ger hours d ug, at the 90% confidence level. 

1973 1974 1975 1976 

Total catch in numbers (blood worms) 
Optimum allocation 

A 1(36) 2 8.72 (36) 15 . 15 (38) 2.75 (36) 24.20 
M (42) 16.8 1 (40) 3 1 65 (41) 19 .03 (25) 8. 17 
J (42) 25.01 (4 1) 21.69 (42) 17 .09 (39) 30.81 

(44) 19 .76 (42) 25.88 (41) 27.70 (42) 20.47 
A (40) 24.75 (40) 12 .53 (39) 29.64 (38) 7.76 

S (33) 13.45 (35) 9.85 (33) 16.34 (34) 10 .96 

Proportional allocation 

A (36) 17.72 (36) 20.21 (38) 22.05 (36) 20.61 
M (42) 20.67 (40) 22.45 (41) 23.79 (25) 13. 17 
J (42) 20.67 (41) 23.02 (42) 24.37 (39) 22.33 

(44) 21.66 (42) 23.58 (41) 23.79 (42) 24.04 
A (40) 19 .69 (40) 22.45 (39) 22.63 (38) 2 1.75 
S (33) 16 .24 (35) 19.65 (33) 19 . 15 (34) 19 .46 

Total number of digger hours dug (blood worms) 
Optimum allocation 

A (36) 11. 2 1 (36) 17 .87 (38) 1.55 (36) 22.9 1 
M (42) 24 .7 1 (40) 29.90 (41) 14 .59 (25) 8.73 

(42) 24 .33 (4 1) 20 .80 (42) 20 .9 1 (39) 29.67 
(44) 17 .85 (42) 27.49 (4 1) 26 .95 (42) 21.46 

A (40) 16.33 (40) 19.65 (39) 3 1.40 (38) 9 .67 
S (33) 8. 15 (35) 11.42 (33) 12 . 11 (34) 10.70 

Proport ional all ocation 

A (36) 16.86 (36) 20.7 1 (38) 22 .34 (36) 19 .98 
M (42) 19.67 (40) 23.0 1 (41 ) 24.07 (25) 12 .77 
J (42) 19.67 (4 1) 23 .59 (42) 24 .65 (39) 21.65 

(44) 20.61 (42) 24. 16 (4 1) 24 .07 (42) 23.32 
A (40) 18.73 (40) 23 .0 1 (39) 22 .89 (38) 21.10 
S (33) 15.46 (35) 20. 14 (33) 19.37 (34) 18 .88 

I( ) = The total number of day light low tides in the month. 
2The calcul ated nu mber of sampl ing t ides requi red to obtain the desired 

accuracy. 

3 

desire to obtain a variability of no more than 5 or 10% of the esti­
mated mean at the 95 % confidence level would be obtained by 
increasing the sample size. Since we sampled approximately 20 
measurable blood worms/digger and approximately 7 bloodworm 
diggers/dealer from an average of 3 bloodworm dealers/mo, and 
approximately 18 measurable sandworms/digger, and approxi­
mately 6 sand worm diggers/dealer from an average of nearly 3 
sandworm dealers/mo between 1973 and 1976, we have sampled 
more than what was required to obtain the minimum desired degree 
of accuracy. The magnitude of the standard errors about the 6-mo 
mean lengths (Tables 10, 11) also demonstrates this point. 

Considering that 1) probability expansion estimates could be 
improved (smaller standard errors obtained) by sampling more fre­
quently each month, and 2) satisfactory monthly estimates of 
marine worm length could be obtained with fewer length samples, 
it would probably the possible to sample more frequently each 
month and improve the probability estimates if fewer worms were 
being obtained for length processing . Although it is not possible to 
increase sampling to the point at which we could attain the accuracy 
expressed in Tables 29 and 30, it would probably be possible to 
increase the amount of sampling to 8 or 10 daylight low tides per 
month . Sampling could furthermore be stratified so that each of 4 
or 5 bloodworm and 4 or 5 sand worm shippers could be randor.nJy 
sampled each month. Both worm species would be sampled at 
those shippers selected who purchase both species of worms. 

Despite the decreased sampling required to estimate worm 
length, it might still be desirable to collect some length samples 

Table 30.-Calculation of the desired frequency of monthly samplings 
for sandworms to obtain a minimum accuracy of ± 15% about the mean 
estimate for 1) total catch in numbers and 2) total number of digger 
hours dug , at the 90% confidence level. 

1973 1974 1975 1976 

Total catch in numbers (sandworms) 
Optimum allocation 

A 1(36) 218.57 (36) 13 .30 (38) 4.04 (36) 2.90 
M (42) 25.61 (40) 18.17 (4 1) 40.46 (25) 11.41 

(42) 23.0 1 (41) 24.64 (42) 16 .60 (39) 18 .32 
(44) 7.62 (42) 27.90 (4 1) 28.01 (42) 33.05 

A (40) 15 .6 1 (40) 17. 14 (39) 5.81 (38) 4.64 
S (33) 12. 19 (35) 13.10 (33) 4.75 (34) 1486 

Proportional allocation 

A (36) 17.44 (36) 18.51 (38) 25.77 (36) 199 1 
M (42) 20.35 (40) 20.57 (41) 27.8 1 (25) 13 .83 

(42) 20.35 (41) 2 1.08 (42) 28.49 (39) 21.57 
(44) 2 1. 32 (42) 21.60 (4 1) 27.8 1 (42) 23.23 

A (40) 19 .38 (40) 20.57 (39) 26.45 (38) 21.02 
S (33) 15 .99 (35) 18.00 (33) 22.38 (34) 18 .8 1 

Total number of digger hours dug (sandworms) 
Optimum all ocation 

A (36) 14 .94 (36) 13. 17 (38) 5.62 (36) 3.41 
M (42) 23.11 (40) 15.6 1 (4 1) 39.20 (25) 938 

(42) 22.93 (4 1) 17.39 (42) 12 .53 (39) 1540 
(44) 6.56 (42) 32.45 (41) 32.23 (42) 31.51 

A (40) 16.48 (40) 19 . 10 (39) 7.99 (38) 8.32 
S (33) 16.40 (35) 9.17 (33) 7.00 (34) 15.40 

Proportional allocation 

A (36) 16.98 (36) 18.48 (38) 25.62 (36) 18 .28 
M (42) 19 .8 1 (40) 20.54 (41) 27.65 (25) 12 .69 
J (42) 19 .81 (41 ) 21.05 (42) 28.32 (39) 19 .80 

(44) 20.75 (42 ) 2 1.56 (4 1) 27.65 (42) 21.33 
A (40) 18.86 (40) 20.54 (39) 26.30 (38) 19.30 
S (33) 15 .56 (35) 17 .97 (33) 22.25 (34) 17.27 

I( ) = The total number of daylight low tides in the month. 
2The calculated number of sampling tides required to obtain the deSired 

accuracy. 



each month to enable us to determine whether worm size is affected 
by monthly or seasonal market demands. Monthly sampling would 
also allow us to accumulate more length , weight, sex, and condi­
tion information from assorted growing areas. 

Problems inherent in the analysis of lumped commercial length 
frequency data for age (and the mortality estimates based upon that 
age structure) have been discussed previously under the section 
entitled "Estimates of Age." Despite the fact that commercial­
length frequency data collected from specific growing areas over 
short periods of time may be more easily analyzed for age structure 
than similar data collected from a large geographical area and 
lumped over a longer period of time, the authors do not recommend 
the former approach either. Our experience has been that when the 
former procedure is followed, considerable overlap in the older 
year classes occurs and the validity of aging results may still be 
questioned. It would seem more appropriate to develop a means of 
aging marine worms other than by analyzing length frequency dis­
tributions. In this respect, aging by 1) the possible presence of 
annuli on bloodworm and sandworm mouth parts , and 2) mark and 
recapture techniques using tagged or dyed worms or worms with 
mutilated appendages, should be attempted. Age structure deter­
mined by these means in three or four commercial growing areas 
could then be used to determine the numbers of worms at each year 
class mode required for mortality estimates. Total and natural mor­
tality rates could be estimated from length-frequency data collected 
from open and closed growing areas situated side by side in each of 
the three or four study areas. Fishing (digging) mortality (F) could 
be determined for each study area by F = Z-M where Z = total mor­
tality and M = natural mortality. 
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APPENDIX A 

The following formulas were used to calculate the means, vari­
ances, and standard errors for length and weight data and the per­
ce nt males, females, broken, re generated, and punctured 
individuals collected during each dealer daylight low tide penod 

sampled. 

var (F,) = ~(F, - FYI(m(m- I) ) 

F = f.YJIl 

where Y, = mean for the ith dealer day light 10\\ tide, 
F = mean for thejth digger sampled, 
~ = number worms landed by the jth digger ~ampled, 

m = number of diggers sampled, 

(I) 

(3) 

r;, = measurement for the A.1h worm from the jth digger 

ampled, 
Il, = number of worm~ measu red from the jth digger 

sampled. 

Formulas used to calculate the monthl) mean~, \ ariam:e~, and 
standard errors for the same parameter~ above include the 

follow ing: 

var (F,l= f.(Y - F,YI(/(/-I)) (5) 

where F = mean for the 17th month. 
F, = mean for the ith dealer day light k)\\ tide (EquatIOn (Ill. 

I = number of dealer daylight 101\ tldes sampled. 

Formulas u ed to calculate the 6-mo means and standard erro~ 
for the same parameters above include the following : 

(6) 

var (F,,) = f.(N,'·var (F,,) ) I (f.N,Y 

where F" = 6-mo stratified mean , 
F" = mean for the 11th month (Equation (4)), 
N" = number of daylight low tides in the 17th month. 

Probability expansions have been calculated for the following 
marine worm sampling data: total catch in numbers, total number 
of digger hours dug, total value of the catch, total number of digger 
tides dug, and total catch in pounds. The formulas used in calculat­
ing these expanded estimates, their variances, and standard errors 
on a monthly basis, conform to the methodology of Gulland (1966) 
and Snedecor and Cochran (1967) and are presented as follows: 

(8) 

var (X,,) = N" (N" -nh) -D/ - var (X,,) (9) 

~6 

where XI. expanded e~llnate for the hth month, 
X ,. = mean for the 11th month (Equation (4», 
Nh - number of daylight low tides In the 11th month, 

D" number of qualified dealer locations open dUring the 
17th month, 

1/" number of daylight low tides sampled 111 the hth 

month 

Formulas used to callulate probability expansions and their 

standard errors for the entire 6 mo <,ampling penod Include the 

(oliowlng 

-
X - ~X. ( 10) 

\ar (X ,) ~ var (Xl (II) 

. 
I\her~ X , 6-mo 'tratill~d total, 

X tntal li)r th~ hth month ( Equation (8». 

RotlOS of 1\\0 \anabl~, (catch/ellort data) have be~n cakulatcd 
lor the fnli(l\\ II1g mann~ \\ nrm .. al11pling data: number dug /digger 
tide, numbe~ dugfl.ligger hou r. pounds dug /digger tide, and pounds 
dugrdlgg~r hour Th~ lormulas used in eakululing the e rallos of 
t\\ 0 \anahlc~. their \ ariam:e~, and standard erro~ on a month I) 
ha~i .• cnnlnrm ttl the methodol(lg~ of Cnchron ( 1963) and an: pr~­

s~nted a .. fnllo\\ : 

\\ here R rat in estimate I' Dr the hlh mnnth. 
r ~ome measure l)f LolLh sold to the ith dealer day light 

10\\ tide .. amplcd. 
X some measure lIf dlort for digger-. eiling tt' the Ilh 

dealer da) light 10\\ tide sampled. 
11 = number or dealer daylight 10\\ tlde~ ampled. 

Formulas used to calculate the ratIOs ot two \ anables and their 
standard en'o~ for the entire 6-mo ,ampling period Include the 
follo\\ ing: 

(1-1 ) 

(15) 

where Rh = ratio estimate for the 17th month (Equation (12)), 
Nh = number of daylight low tides in the 11th month. 

Estimates for the number of dealers that should be sampled each 
month, the number of diggers that should be sampled per dealer, 
and the number of worms that hould be ampled from each digger, 
conform to the methodology of Snedecor and Cochran (1967). 
Information on the use of their methods may be found in Creaser 
(text footnote 29). 

The relationship of worm weight to worm length was calculated 
using a logarithmic transformation of the basic equation W = aLb. 
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-\ckno~ledgments. Place at the end of text. GI\e credit 
nly to those \\ ho ga\ e exceptional contributions and not to 
hose \\ hoe contributions are part of their normal dutil',' 

Literature cited. In text as: Snllth and Jone 1197 7) or 
(Smith and Jones 1977); If more than one auth r, II t a .. \.:ord 
ing to year~ (e.g., Smith 1930; Jones et al 19/5; Dot. 1977) 
All papers referred to In t~e text should be II ted alp'1dbcu· 
cally by the senior author's surname u~der II e heuJmg 
"Literature Cited"; 0nl) the author's surname • .md In.u.l1 
are required in the author line. The author's re pOll Ible lor 
the a~Luracy of the literature Cllall0ns. At'brLv,auon t 
names of periodICals and senals ~hould ~onform to 81Of-) I 

cal A bSlracts List of Serwls "Htll Tlfle A bbre, wt/(l1lS I o~ 
mat, see recent SSRF or Circular 

Abbre\oiations and s}mbols. Common ones, ~"I\.h .!~ mm. 
m, g, ml, mg, °C (for Cel~lu), ao, • etL .• shojJld be LJ .:d 
Abbreviate units of measure~ onl) \\hen u Ld \\U'I numeral, 
periods are rarely used III the,e abb~eviatl( n Bu j)eralld 
are used in et ai, \5., e.g., It., \\a,h. <\\ \ I U ed on) \\1 11 

ZIP code). etL. Abbreviations .Ire aL~eptclb II t.l". S In..! 
figures \\ here there is lack of ~pau;. 

!\1easurements. Should be g\er in metriL ..Inl O.lJer 
equivalent units rna, be gi\ en IJ1 pare'llre~e~ 

FORM OF THE MA~lSCRIPl 

Original of the manu~c[lp' ~~ould b( t)ped dot..b ~ pa.:ed (r 
\\ hal' bond paper. rrl'lle "paLL above headll1g "end ood 
duplicated copies of manu'cript rather h.!n eMbon ~o 
The sequenLe of the ffiJtera: ,hould be: 

FIRST P\GI: 
CO'\lTEI\1TS 
ABSTRA( T 
TE'\.T 
LITERATL RE (IT[ [) 

TE T rOOT 0 rES 
A P PI:. '-I DlX 
TABl[·~(prO\ideheadl'1~, nc..Ldr.g"T"b~ nd \r 

'lUmerdl, e g., Table I .. T.!ble 2 - , ... k ) 

L 1ST or F IGl RE LI:.C,E DS (.:nt,rt Ie .. nd, III ,ud n 
. I';gure" .!nd \r.!b • .: n..lmeral, t 14, Fl.u e I h u 
2 .... etL.) 

FIGURES 

ADDITIO"'AoL I FOR\\ TlO 

Scr.d ribbon COP) anJ 1\\( dupl .. ated .. ople ,I IhL IT a u 
Lr,pl to: 

Dr Carl] Sindermann. Scientific Ed. or 
• 'ortheast hshenes Center <)andy Hoo Laboratory 
• atlonal Marine Fishenes Sen Ice. OAA 
Highlands, ] OT32 

Copie". 
and I 

F I't) cople \\11 be 
to hi orgamzauon free f L r e. 
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