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are then obtained by calculating the 
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weighted sum of the squared deviations 
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6050 to 6056 km obtained from 
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= 10.6 cm, normalized base line length 
p = 0.6) = 5.5 percent [Clark and 
Kuz'min (12) reported a value of 5.6 
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spectrum based on the most likely values 
of Ts and zi is presented in Fig. 2. 

Figure 2 also presents the brightness 
temperature derived from an adiabatic 
temperature profile investigated by set- 
ting zi equal to 0. With this value of 
zi, the surface temperature minimizing 
the weighted sum of the squared devia- 
tions is T, = 720? + 20?K. Other re- 
sults of this model are 0r = 12.6, R= 
6055.5 km, and AF (X= 10.6 cm, /3 
_ 0.6) = 6.3 percent. The weighted 
sum of the squared deviations is, how- 
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greater than that obtained with the 
above isothermal model. 
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models. Simultaneous measurement of 
the radar cross section of Venus at 
several frequencies can be expected to 
yield greatly improved estimates of mi- 
crowave optical depth. 
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The temperature of the sea surface, 
as measured daily since 1905 at Booth- 
bay Harbor, Maine, by the U.S. Fish 
and Wildlife Service, has fluctuated as 
distinct climatic subcycles, including (i) 
the years before 1917, (ii) the period 
from 1917 to 1939, and (iii) the years 
since 1939 (Fig. 1) (1). 

The period since 1939 has been of 

special biological and meteorological 
interest. The second coldest year on 

record, 1939, terminated a relatively 
low-temperature subcycle that had com- 
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Fig. 1. Sea surface temperature (Boothbay 
Harbor, Maine) measured by U.S. Fish 
and Wildlife Service, 1905-1967. (Temper- 
ature means for 1905, 1948, and 1949 
were estimated from 9, 11, and 8 months, 
respectively.) 
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menced in 1917; it also initiated a 14- 
year warming trend that culminated in 
the record high of 11.1?C in 1953 
which, in turn, was followed by an 
equally precipitate decline, reaching an 

average of 7.3?C by 1967. 

Temperature data as indicators of 
climatic trends appear to be consistent 
with sea surface temperature variations 
recorded elsewhere along the northwest 
Atlantic coast (2). It is assumed that 

temperature fluctuations at Boothbay 
Harbor are representative of climatic 
trends throughout the range of the 
American lobster (3) and that the 28 

percent contribution of Maine to the 
catch for the period from 1939 to 1967 
is reasonably representative of resource 
behavior in terms of both abundance 
and availability (Fig. 2). 

A linear correlation of .8 between 
lobster production in Maine and else- 
where for the period from 1939 to 
1967 supports the assumption that fac- 
tors causing fluctuations in Maine land- 

ings also influence yield elsewhere (Fig. 
3). From the 6.4?C annual mean in 

1939, when relatively high production 
occurred in Connecticut and a record 

high catch was made in Rhode Island, 
a northeasterly trend in greater yield 
of the traditional American lobster trap 
fishery developed coincident with the 

14-year cycle of the increasing tempera- 
ture of the sea surface. The increase in 
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Cyclic and Geographic Trends in Seawater Temperature 
and Abundance of American Lobster 

Abstract. In Maine, fluctuations in the abundance of American lobster (Homa- 
rus americanus) and in seawater temperature have correlated well during the 

years since the first temperature measurements were made in 1905. Recent record 
catches in chronological sequence from the northern limit of range in Newfound- 
land to New York, while temperatures measured in Maine declined from higher 
to lower than optimum, suggest that at the present rate optimum conditions should 

reach the southern limit of the lobster's range by the mid-1970's. 
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Table 1. Decade-interval changes in fishing effort in thousands of traps and in percent. 

Traps Traps Traps Total Maxi- 
Area 1944 1954 ange 1964 Change change mum 

(No.) (No.) () (No. (%) 1944-1964 catch 
(%0) year 

Newfoundland 286 550 +992.0 +92.0 1955 
New Brunswick 326 428 +31.3 546 +27,6 +67.5 1960 
Prince Edward Island 292 417 +42.8 524 +25.7 +79.5 1960 
Nova Scotia 826 1054 +27.6 1180 +12.0 +42.9 1951 
Quebec 82 113 +37.8 139 +23.0 +69.5 1962 
Maine 252 488 +93.7 754 +54.5 +199.2 1.957 
New Hampshire 9 14 +55.6 17 +21.4 +88.9 1943 
Massachusetts 46 99 +115.2 107 + 8.1 +132.6 1965 
Connecticut 11 8 -18.1 7 -12.5 -36.4 1967 
Rhode Island 9 12 +33.3 10 -16.7 +11.1 1939 
New York 6 8 +33.3 6 -25.0 0 1967 

trap catch from south to north followed 
record low yields for the period in New 
Hampshire and Maine in 1939, Prince 
Edward Island in 1940, Quebec and 
New Brunswick in 1941, Nova Scotia 
in 1942, and Newfoundland in 1943 
(Fig. 2) (4). 

As temperatures rose after 1939, the 
record low production of the northern 
areas was rapidly displaced by high 
yields beginning with New Hampshire 
in 1943 and moving progressively north 
and east to Newfoundland, the north- 

ern terminus of the lobster's range. 
During this time, record low trap 
catches were made in New York, 
Rhode Island, and Connecticut, and 
even farther south, apparently because 
of higher-than-optimum sea tempera- 
ture (5). Generally high levels of yield 
were sustained throughout the areas 
north and east of Rhode Island, rang- 
ing from 16 years in Newfoundland to 
22 years in New Hampshire and Mas- 
sachusetts. 

With the decline in temperature after 
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Non-Maine lobster landings 
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Fig. 3. Comparison of Maine and non-Maine lobster landings with 
sea surface temperature. 
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1953, record high lobster catches oc- 
curred in a generally north to south 
direction from Newfoundland in 1955 
to Connecticut and New York in 1967. 
Presumably, each growing area was 
exposed to optimum temperatures dur- 
ing both the northward and southward 
drift. Peak fishing effort during the pe- 
riod of optimum temperatures deter- 
mined the year of maximum catch 
(Table 1). From the end of World 
War II through 1956, increases of 40 
percent in effort and 121/2 percent in 
yield in Maine absorbed all but 14 
percent of the available legal supply. 
It is presumed that comparable relations 
between effort and yield occurred else- 
where, modified as they were in Maine 
by fluctuations in sea temperature. 

After 1944, increases in fishing effort, 
as measured by the number of traps 
being fished, occurred principally in 
Maine, Massachusetts, and Newfound- 
land (Table 1). It is evident that a 
marked increase in the number of traps 
fished in nearly all areas did not pre- 
vent a substantial decline in catch 
throughout the northern portion (New- 
foundland to Massachusetts) of the 
lobster range in the middle and late 
1960's, coincident with a decline in 
sea surface temperature. 

Although a correlation of .9 from 
1897 to 1960 between fishing effort 
and annual catch in Maine (6) indi- 
cates the influence of effort on yield 
of the fishery, after 1956 effort and 
catch are inversely related in the Maine 
fishery as well as in the Newfoundland 
to New York fisheries. 

Within the Massachusetts to New- 
foundland area, average lobster pro- 
duction increased 60 percent and effort 
75 percent during the years of optimum 
temperature. After the optimum tem- 
perature period ended, catch declined 
12/2 percent despite an average 20 
percent increase in effort in those areas 
where data are available. 

As conditions suitable for record 
high production have moved southwest- 
erly into southern New England and 
New York, new record lows occurred 
in several northern areas-in New 
Brunswick the smallest annual catch 
within the 1939 to 1967 period, in 
Newfoundland a 21-year low, in Nova 
Scotia the lowest production since 
1941, and in Maine a 19-year mini- 
mum. 

In view of the association of climatic 
trends with the magnitude of inshore 
lobster populations and the present 
rate of decline in sea surface tempera- 
ture, it is likely that optimum condi- 
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tions will reach the southern limit of 
the lobster's range in the vicinity of 
Cape Hatteras during the middle 1970's. 

Cyclic and geographic trends in lob- 
ster abundance and demonstrated fluc- 
tuations in other commercially impor- 
tant populations with climatic trends 
serve to identify probable maximum 
limits of inshore marine resource yield 
under natural conditions. 

ROBERT L. Dow 
Department of Sea and Shore Fisheries, 
Augusta, Maine 04330 
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The basic ferric phosphates, per- 
plexing substances in the mineral king- 
dom, occur as replacements of organic 
products, such as wood and bones; as 
nodules in marls and soils; as second- 
ary minerals in "limonite" beds and 
deposits of iron ore; and as hydrother- 
mally reworked products of primary 
lithium-iron-manganese phosphates in 
pegmatites. Conflict and contradiction 
have frequently appeared in the no- 
menclature and data reported for these 
phosphates. Frondel (1) presented a 
historical survey as well as informa- 
tion on the physical and chemical 
characters of these minerals. Fanfani 
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and Zanazzi (2) reported on the 
atomic arrangement of one member, 
beraunite. 

The basic ferric phosphates include 
the species dufrenite [Fe (OH) 3(H20) 
(PO4) ], rockbridgeite [Fe (OH) (O) 
(PO4) 3], laubmannite [Fe, (OH) 5 
(PO) j4, beraunite [Fe6(OH),6 (H20)3 
(P04)4 2H20], and cacoxenite [Fe4 
(OH)3(PO4)3- 12H20] (3). With the 
exception of cacoxenite, all occur as 
fibrous greenish-black to brown nod- 
ules, concretions, and mammillary ag- 
gregates. Their chemical analyses often 
show minor and irrational amounts of 
ferrous iron. Single crystals of suitable 
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dimension for crystallographic study 
are rare since the fibers usually consist 
of minute individuals in twisted bun- 
dles. Because the compositions and 
densities of these minerals are similar, 
physical, optical, or chemical charac- 
teristics alone do not suffice for certain 
identification. The list of species may 
be more extensive than the aforemen- 
tioned, since Frondel documented two 
possibly new species and one new spe- 
cies is being studied in my laboratory. 

Single crystals for all these species 
were isolated by carefully splitting fi- 
bers in acetone with a dissecting needle 
until an optically uniform individual 
could be found. Since the individuals 
were usually about 30 to 50 / in mean 
diameter, long-exposure rotation and 
Weissenberg photographs were required 
to obtain the data reported in Table 1. 
Three-dimensional analysis of the crys- 
tal structure was undertaken on du- 
frenite and rockbridgeite (4). Intensity 
data were collected on a manual coun- 
ter-diffractometer that operates on the 
basis of Weissenberg geometry with 
Zr-filtered Mol radiation for dufrenite, 
and on Weissenberg films with the same 
radiation for rockbridgeite. Atomic 
arrangements for these two species 
were determined by Patterson syntheses 
and vector set analysis of these data. 
Early refinement of atomic coordinates 
offers Rhkl = 0.18 (based on 1400 
independent observed structure ampli- 
tudes) and 0.19 (340 independent ob- 
served structure amplitudes) for du- 
frenite and rockbridgeite, respectively. 
Their octahedral frameworks are illus- 
trated in Fig. 1, A and B. 

A remarkable polyatomic complex 
common to the atomic arrangements of 
beraunite, dufrenite, and rockbridgeite 
(Fig. 2) consists of an iron-oxygen 
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until an optically uniform individual 
could be found. Since the individuals 
were usually about 30 to 50 / in mean 
diameter, long-exposure rotation and 
Weissenberg photographs were required 
to obtain the data reported in Table 1. 
Three-dimensional analysis of the crys- 
tal structure was undertaken on du- 
frenite and rockbridgeite (4). Intensity 
data were collected on a manual coun- 
ter-diffractometer that operates on the 
basis of Weissenberg geometry with 
Zr-filtered Mol radiation for dufrenite, 
and on Weissenberg films with the same 
radiation for rockbridgeite. Atomic 
arrangements for these two species 
were determined by Patterson syntheses 
and vector set analysis of these data. 
Early refinement of atomic coordinates 
offers Rhkl = 0.18 (based on 1400 
independent observed structure ampli- 
tudes) and 0.19 (340 independent ob- 
served structure amplitudes) for du- 
frenite and rockbridgeite, respectively. 
Their octahedral frameworks are illus- 
trated in Fig. 1, A and B. 

A remarkable polyatomic complex 
common to the atomic arrangements of 
beraunite, dufrenite, and rockbridgeite 
(Fig. 2) consists of an iron-oxygen 

Fig. 1. (A) Octahedral framework structure for rockbridgeite 
projected down the fiber axis. The face-sharing triplets link by 
means of shared terminal edges and octahedral corner-sharing 
doublets. (B) Octahedral framework structure for dufrenite 
projected down the fiber axis. The face-sharing triplets are con- 
nected by octahedral corner-sharing triplets. 
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Basic Ferric Phosphates: A Crystallochemical Principle 
Abstract. A polyatomic complex of iron-oxygen octahedral face-sharing triplets 

corner-linked to four other octahedra occurs in the atomic arrangements of the 
basic iron phosphates dufrenite, rockbridgeite, beraunite, and laubmannite. This 
complex is further knit together by the phosphate tetrahedra. The family of basic 
ferric phosphates arises from the variety of ways in which the complexes can be 
linked along a third "variable" crystallographic axis. 

Basic Ferric Phosphates: A Crystallochemical Principle 
Abstract. A polyatomic complex of iron-oxygen octahedral face-sharing triplets 

corner-linked to four other octahedra occurs in the atomic arrangements of the 
basic iron phosphates dufrenite, rockbridgeite, beraunite, and laubmannite. This 
complex is further knit together by the phosphate tetrahedra. The family of basic 
ferric phosphates arises from the variety of ways in which the complexes can be 
linked along a third "variable" crystallographic axis. 


