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Abstract

Monthly moﬁitoring of phytoplankton and zoaplankton across
the Gulf of Maine, and from New York towards Bermuda has been
conducted for 28 and 18 years, respectively using the Hardy Con-
tinuous Flankton Recorder. Concurrent measurements of surface
and water column temperature and surface salinity have been made
on these routes for the past thirteen and twelve years, respec—
tively. These features during 1988 are compared to the condi-
tions from 1961 through 1987 {for the Gulf of Maine and 1971
through 1987 for .the New York Bight. #Although departures for the
whole of 1988 along the entire transects (or major geographical
sections of them) were not significant for either of the vari-
ables, numerous highly significant departures were measured at
particular time-space locations on both transects. These
anamalies were due either to differences in the 1988 abundances
or to the timing of the seasonal events. Consistent agreement
between the presence of stability inducing conditions and the

timing of phytoplankton blooms i1s demanstrated.

Fram 1941 through 1974 the Oceanographic Laboratory in Edin-

burgh Scotland conducted monthly monitoring of the zooplankton




and larger phytoplankton betwesn Cape Sable, Nova Scutja and the
poston, Massachusetts area using the Hardy Continuous Flankton
Recorder (CFR) (Hardy, 1939; Glaver, 19467). In 1972, the US Na-
tional Marine Fisheries Service (NHFSf began a program of
cooperation with the Dceaﬁugraphic L.aboratory (now part of the
Institute for Marine Environmeﬁtal Research (INERJ tor the exten-
sion of the laona-term CFPR survey into additional areas of the
western North Atlantic. The two monthly sampling routes (Fig. 1)
reported on here are the results of that effort. The year 1988
marks the 28th and 17th, respectively‘éince sampling began on the
Gulf of Maine and the New York Bight transects. Some 170 taxa
are routinely identified and enumerated from these samples. This
report is meant to present aonly the major features of the
plankton conditions during 1988 and to compare these features
with average conditions over the span of the survey. The two fea-
tures prasented are "total phytoplankton" obtained by visual com-—
parison of sample color with a set of color standards (Colebrook

and Robinson, 1961}, and total Copepoda abundance.

Flankton, surface and water column temperature (XBT's), and
surface salinity sampling using merchant vessels and other ships
nf opportunity has been cbnducted‘along the transects shown in
Figure 1 at a desired sampling frequency of ance per month,

Net phyteoplankton and zpoplankton from a depth of 10 m were
collected with the CFR. At towing speeds of 10-17 knots a con-
inuvous record of the planktan retained by the sampler was ob-
taimedralcng the track of the ship. water passing through the
CFR was filtered wWwith boiting silk having mean aperture dimen—
siong of 225 x 274 microns. @ The continuous record was cut into
18.% km (10 nmi) sections (herein termed “"samples”) with times,
dates, and positions calculated for their center points. Frior to
taxa identification thé green or green—brown color of sach sample
was compared to a set of four, easily distinguishable color:

standards (no color, very pale green, pale green, and greens

T




Colebrook and Robinson, 19461). Assignment of numerical values
to these color categories was achieved by dilution of acetone ey~
tracts from samples in each category. The average values for the
categories were in the ratios of © to 1 ta 2 to 6.5,

Futher detaile of the collection and processing methods may
be found in Colebrook (1960, 1973). Only methods used by NMFS

which differ from those opf IMER will be detailed here, They are

as follows:

1) Abundance of zooplankton taka is reported as number of

organisms per 100 =3 of water filtered,

2 Route polygons have been established based on compasites
of all historical sampling locations for each route,
These polygons differ from the IMER's CPR survey standard
ecalogical areas in that they may exhihit considerable
environmental variation along their long dimensions.
Measured features are assumed to show reasonable
similarity crosswise at any point along the polygon.
Sample locations were tested against these polygons during
data processing, and outliers were excluded from the
palygon data base.

3) Distance to each sample from a route-specific reference
point is calculated. Thiz same reference distance is
calculated for any other biplpgical or environmental
data measurements made on the cruise, as well as for any
data from non~CFR. cruises which could appropriately be
combined for analysis,

.
4y In contrast to previous reports (Jossi et al 1784, 1985,

al,
_198ba and 198&b) where the data from the entire route were
lumped for analysis, this repart is based om the
generation of a standardized time-space matrin with
interpolated grid vé}ues each 15.27 days along the %, or
calendar year axis, and each 17.38 kilometers along the vy,
or reference distance axis. Full details of the gridding
technigue are beyand the scope of this paper. However, a
brief description is in arder.

The time, date, and position each sample is used

to determine the sample’s julian day. and the radial




distance from each transect’'s reference paint. These two
values, aléng with the scalar value of the sample, E.0.,
loglo (abundance + 1) were superimposed on a grid with
dimensions given ahove, resulting in a I-dimensional time-
space-scalar matriux.

The standard grid dimensions were chosen considering
al the average sampling coverage in time (30 days) and
space (23 kEm): b)the size of the grid, i.e., the maximum
time period (usually one year) and maximum reference

distance (452 km); c) the known rates of change of the

scalar values to be gridded; and d) the desire to

represent and compare the results in as standard a
manner as possible.

The interpolation of each grid point was accomplished
by performing an eliptical search of 40 km by 35 days,
weighting all the irregularly spaced values found in
the elipse acéording to the inverse square of their

distance from the grid point; and calculating the weighted
mean .

All calculations of zooplankton abundance were
performed on log transformed values, whereas portrayals
ﬁf abundances show antilogs of such calculated values.

All values for a calendar year were exposed to these
technigues to produce annual grids or "maps”. Gridding
af the combined values far all the years in each series
produced long term mean “maps” (19461 through 1987 for
the . Gulf of Maine; 1971 through 1987 for the New York

Hight). Direct calculations of standard deviations for

sach grid point within such a long term “map was not
possible due to the inability to retain the actual raw
valuesl+ound in each eliptical search. Instead.the
following method of estimating these standard deviations

was emnplovyed:

S= sqrtlabs(R - ) where

| = estimated standard deviation map of the

long term grid mean values




sqrt= sgquare root
abs= absolute value
R= mﬁlti—year values squared and then
gridded
0= multi-year values gridded and then
squared
The ommission of the (n/m-1) term is considered insignifi-
cant since n was usually greater than 70 at each grid
point.

Annual anomalies and standardized anomalies (anomalies
divided by long term standard deviations) were calcul ated
at each grid point where yearly coverage permitted.

The conditions during the whole 0% 1988 faor various
sections of tﬁa two transects have been calculated,. In the
case of the Gulf of Maine annual means and departures for
the areas over Massachusetts Ray, Wilkinson Basin, the
central Gulf of Maine ledges, Crowel! Basin, the Scotian
Shelf, and the entire transect are presented. For the New
York Eight annual means and departures are presented for
the continental shelf, the area over Deep Water Dump Site

1046 (DWDS 1106), and the entire transect.

Results

Massachusetts to Cape Sable, M.S5,

The time-space distribution of “total phytoplanktan" across

the Gulf of Maine during 19BB is shown in Figure 2. Two maior

features of the time-space distribution stand out. A ridge of

high wvalues representing the spring bleoom extends from Mas-
sachusetts to beyond the Crowell BRasin. The onset of the event
is much earlier in Massachusetts Bay and Wilkinson HBasin than

elsewhere along the transect and its duration is also longer.

Time of the maximum values is late March to early April in Mas-

sachusett Bay, but mid-April alang the rest of the ridge. By the

cend of May sast of Cashes Ledge and the end of June for the west-
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ern partion of the transect levels have returmed to vaiues tom-
parable with those of the winter with only a small increase over
Wilkinson Basin and Massachusetts Ray in the early to mid fall.

in contrast the maicr seasonal event on the Scotian Shelf atcurs

“from the first of June to mid-August, and is centered around

mid-July. Maximum values are comparable to those earlier in the
year far the rest of the tranzect. Partions of the Scotian shel+
exhibit slightly elevated values during January, and through the

fall and early winter,

The standardized annmalie; of "total phytoplanﬁton“ during
1968 (based on 194! through 1987 means) are shown in Figure 3.
Significant departures from the loﬁg term means, in the strictest
sense, would be confined to time-space areas in excess aof two
standard deviations. However, the gridding method offers infor-—
mation on departure trends which have continuity over broader
areas. Thus the areas in excess of one standard deviation are
portrayed as well.. Significant positive departures occurred over
the Scotian Shelt in January and February, and again in November
and December. Over Massachusetts Bay, Wilkinsan Basin and parts
of Crowell Rasin significant positive anomalies were also ob-
served during the spring bloom period. Some significant, but
scattered, negative departures were ohserved across the Gulf of
Mainelduring the fall.

The 1988, and 1961 thru 1987 means of "total phytoplankton”
for secticns‘of the Gulf of Maine (Table 1} show a similar pat-
tern of variation along the transect. For both these statistics
Massachusetts Bay vielded the highest wvalues followed by Wilkin—
#on Hasin, the Scotian Shelf, the central Gulf ledges, and the
Crowell Rasin. The 1588 departures were posifive, with the éx—
ception aof those over Crowell Basin. but for no section did they
depart by an amount considered significant for 1988 as a whole.

Total Copepoda distribution across the Hulf of Maine during
1988 is shown in Figure 4. Abundances were below the 20,000/100
m% level during January and February along the entire transect.

The spring increase began over the Scotian Shelf in mid-March and
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over Massachusetts Bay by the beginning of April. This increase,
to values in excess af 20,000 began later over the rest D% the
transect, especially near Cashes Ledge where this level of abun-
dance was not reached until mid-May. Feak yearly values occurred
over Wilkinson Basin in mid-April amounting to »BO,000, and aver
the Scotian Shelf iﬁ mid-May amounting to > LO0O,000, Values from
July through September declined to less than 20,000 over Crowell
Basin and the outer Scotian Shelf and to below 40,000 dver the
western Gulf of Maine. A higher abuﬁdance ridge reaching

» B, 000 just east of the Wilkinson Pasin occurred in Octaober.
Values dropped hack to winter levels along the entire transect by
mid-November.

Standardized ancmalies of total Copepoda abumdance across
the Dulf of Maine during 1988 (based on 12461 through 1987 means)
are shown in Figure 5. The spring positive anomalies over the
Scotian Shelf and Crowell Rasin are largely a consequence of dif—
ferences in timing-rather than differences in absolute abundantce
at any particular time and place, i.e., the increase began nearly
one month earlier than usual and the spring high lasted ap-
praximately one month longer than usual. On the other hand the
positive anaomalies in the fall over the Scotian Shelf represent
sighificantly higher abundances in 1988 for this time-space area.
The pther maior area of positive anamalies occurred over Wilkin-
son Basin from January to mid-February and over Massachusetts Bay
guring March and April, and November. These abundances are sig-
nificantly higher than the long term means. (One area of negative
ancomaly occurred from late July into September over parts of
Craowell Basin due to the extensive area (Fig. 4} of abundances
S 20,000,

The (988, and 1241 thru 1287 total Copepoda means for sec-—
tions of the GQ1+ are listed in Table 2. The pattern of variation
between sections mentioned above for "total phytoplankton is seen
here, i.e. highest values in Massachusetts Bay followed by
Wil¥kinson Rasin, tse Scotian Shelf, the central Gulf ledges. and
the Craowell Basin. None of the sections exhibited significant

departures from the long term annual means for 1988 as a whaole.




The time-space distribution of "total phytoplankton" along
this mid-Atlantic Bight transect during 1988 is shown in Figurg
4. Over the shelf portion of the transect the 19B8 seasonal
cycle of phytoplankton color falls info three categofies: low
values occurring during the winter and summer months, a spring
high beginning in late February over the outer shelf and continmu-
ing towards the inner shelf peaking in May, and a fall increase
also following the offshore ta onshore time progression during
the period July to early December. Offshore localizations of
high values occurred at about 400 km reference distance in March
and June, but the major area of high wvalues stretched from 250-

450 km between mid-July and early November reaching the highest

values (2.0) anywhére for the year in August at 300 km offshore.

Standardized anpmalies of "total phytoplanktan® during 1988
(based on 1971 through 1987 means) are shown in Figure 7. Sig-
nificant positive anomalies on the sHe1+ occurred at ap-
proximately 70 km at the 2nd of Apil and over a large paortion of
the outer shelf and shelf break during July through September.
Scattered negative anomalies oaccurred on the shalf, especially
during the last half of the year, the most significant being in
the vicinity of Ambrose Light in September and Gctober. The off-
shore portion of the transect exhiéited scattered departures
throughout the vear, but the maior feature churred beyond 300 km
between August and October where significantly larger values were
measured than those of the long term means.

The 1988; and 1971 thru 1987 means of of "total
phytoplankton" for the continental shelf section: the DNDS 10&
sectipn: and for the entire transect arellisted in Table 3. Mean
values over the shelf were approximately 1.6 times those at the
DWDS 104 both 1m 1988 and over the 1971 theuw 1987 period. For
both sections 1988 was J5-40% below the long term mnean, but when
considering the natural variapility neither was shown to be sig—
nificant.

Tutal Cmpepodé distributimn along the mid-Atlantic Eiéht

transect during 1988 is illustrated in Figure 8. Over the shelf

<
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portion there are two areas ot abundance whi&h stand out. They
nearly meet at the end of July near Qmﬁrose Light, but are mare
separated towards the outer shelf. The area of higher abundance
in the latter half of the year is itself divided over the outer
shelf mnear mid-October. These 1988 patterns of abundance of to-
tal Copepada on the shelf are basically similar to those seen in
the 1978 through 1987 means, although their proportions differ.
Abundance reached values » 80,000/ a3 on the mid to outer shelf
by March, declined to ¢ 20,000 during late spring and =2arly sum-
mer, and then climbed to > 200,000 during.ﬁugust. An August and
September high, reaching 180,000, was also measured on the
shoreward end of the transect. and finally abundances rea&hed
L7 120,000 on the midshelf in late November. Offshore abundances
were for the most part < 20,000, The two exceptions to this oc-
curred, first at approximately 400 km reference distance in May
and June with abundances in excess af 60,000, and second seaward
of Z7% km during August through October when abundances reached
80,000, SGimilarities between these total Copepoda time-space
abundance patterns and those of the "total phytoplankton" (Fig.
6) should be noted.
Standardized anomalies of taﬁa} Copepoda abundance across
the mid-Atlantic Bight during 1988 {based on 1971 through 1987
means) are presented in Figure 9. For the shelf area positive
departures began at 100 km reference distance in January amd con-
tinued further offshore for most of February and March. This
‘feature resulted from the earlier than usual increase over this
area in 1%88. In September abundance over much of the shelf was
abave average. Although long term means were exceeded by less
than 2 standard deviations 1988 abundances were over 204,000 com-
pared ta the tong term meam of approximately 20,000, In late
November poﬁiti?& departures occurred over a small area of the
mid shelf. Negative anomalies occurred at 30 km at the beginning
at the year but the major negative 5helf features were in May and
July due to the broader thar usual duration ¢f the late summer-—
zarly spring abundance decline in 198B. At year end the inner
and outer shelf exhibited significantly lower abundances than

narmal. Offshore a major area of negative values occuwrred from



mid-February to the end of April. The spring increase in this
area accurred approximately one month later than normal causing
thie anomaly. A positive ancmaly occupied the area near DWDS 106
during the first two and angnhalf months of the year, but the
most unusual positive departure of total Copepoda took place at
the outer end of the transect between August and October when
abuandances euceeded BQ,00C compared to the long term mean of

less than 20, 000.

The 1988, and 1971 thru 1987 means pf total Copepoda for
sections of the New York Eight transect are listed in Table 4.
Urnlike the "total phytoplankton" these anomalies were all posi-

tive, yet none produced statistically high departures for 1988 as

a whole.

Anamalies for the whole of 19788 along the entire transects
(or maior geographical sections of them) were not significant for

either "total phytoblankton“ ot~ total Copepoda. However ,
numerous highly significant departures were measured at par-
ticular time~space locations on both transects. The map algebra
technigues used here were responsible for identifying these
anomalous features.

“hyteplankton seasonal dynamics in the Gulf of Maine and the
New Yark Bight in 1988 were tlaosely rélated to stability and
mixing af the water column. [n winter, surface cooling and wind
Stre§5 mix the water column preventing phytoplankton from remain-—
ing in the shallow photic zone. When surface density decreases
as a result of vermal warming and/or surface freshening the.water
column becomes stable enabling phytoplankton in the photic zone
ta remain there and the bhicom to commence. When the
phytupianktmn axhaust the nutrients the bloom collapses unless
some mechanism, e.g.., wind mixing., upwelling, advectioﬁ. etc. QC—
curs to bring ﬁdditio%al nutrients into the photic zone to sus-—
tain o renew the bloom. By wsing water column temperature and

surface salinity data nollected concurrently with the CFR samples




we wWare able to infer density structure which we used 1n evamin-
ing the relationships between these physical features and the
phytoplankton.

In Massachusetts Bay and Wilkinson Basin the sea surface
began to freshen in March, providing the stability needed for the
phytoplankton bloom to commence a month earlier than further off-
shore. By April sea suwrface warming in the mid-Gulf provided the

stability needed for the observed bloom there. The timing of

blooms on the Scotian Shelf in 1988 was unusual, Surface
salinities show freshening and water column temperature indicated
thermal stability in January and during November and December
coinciding with the significant pDéitive departures of "total
phytoplankton" during these periods. WUnastable conditions
returned through the usuwal spring bloom period of April-May. By
June and July stability was again 1im place, solar radiation was
near the annual maxtimum, and a bloom significanly above normal

for either this time, or the spring of the year accurred.

Relationships of “"total phytoplankton" to stability and
mixing in the water column of the New York Right were similar to
those Jjust described for the Gulf of Maine, with the addition of
the stability enhancing effect of the photic -one portiocn of
ocean fronts. Within 50 km of shore an increase of "total
phytoplankton” coincided with surface freshening in February. The
bloom that commences in late February‘between 125 and 250 km
coincided with a spreading of lower salinity water pver the outer
shielf at that time. The usual spring bloom near shore beginning
in iate March benefitted from bath low saiinity and increasing
temparature induced sfability. An unusual upwelling event in the
mid Atlantic Bight during the summer spread large guantities of
low salinity water over most of the continental shelf. This
event matches the summer to early fall bloom of phytoplankton
seen over the entire Sgelf, one which connected to the usual fall

bloom associated with overturn.

Correlations hetween the timing of stability conditions andg
the onset of phytoplankton growth and reproduction are being

sought using the time series described here as well as density




and stability data from other sowces. The techniques of map al-
gebra seem especially proemising for this purpose where maps ean
be lagged in time ar space, and scalar values can be lumped in &
variety of ways to mimic conditions believed to be occurring in

nature.

Significantly high total Copepoda anomalies in the Gulf of
Maine from January through May occurred during or following
significantly high "total phytoplankton" anomalies. From June
through December this possible relationship i3 not readily
apparent, On the Scotian Shelf in May to July, and to a lesser
extend in October and November, an opposite sequence was observed.
In the New York Bight increases of total Copepoda either coincided
with phyteplankton highs or cccurred just after them in almost all
cases, However, the_lumped taxa presented here include taxa
having a variety of seasonal cycles anpd trophic interaction
characteristics, The phytoplankton-zooplankton interactions
suggested above deserve further work where individual taxa or
groups of taxa with similar seasonal ¢ycles and trophic
characteristics are tested for these relationships uaing all data

in the time seriles.
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Table 1. "Total Fhytoplankton" Means and Departures during 1988

far Sections of the Gulf of Maine Transect. (See test
for explanation of relative green units.)

" SECTION ] 1788 1971-1987 1988 1988
MEAN MEAN ANOMALY IZSCORE

relative relative relative standard

green green green deviation
Massachusetts Bay 1.45 1.13 +Q .32 +0. 57
Wilkinson ERasin 0.79 .67 +0.12 +0.11
Ledges Q.37 0,34 +0, 03 -0, 11
Crowell Rasin 0.29 . 33 . -0.04 ~-0.146
Scotian Shel+f 0.59 Q.33 +0.04 +0.25

Entire Transect Q.54 0.57 C+0,.07 +0.11
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Table 2. Total Copepoda Means and Departures during 1988

for Sections of the Gulf of Maine Transect.

SECTION

19711987

1988 1988 1988
MEAN MEAN ANOMALY ZSCORE
na. per no. per no. per standard
100 m3 100 m3 100 m3 deviation
Massachusetts Bay 10,7468 13,0328 ~2,670 -1.21%
Wilkinsan Basin 11,311 8,111 +3, 200 +0, 22
l.edges 8,886 6,162 +2,724 +0,20
Crowell Basin 8,238 2,905 +4,334 +0,30
Scotian Shelf 7,908 4,712 +5,196 +0,73
Entire Transect ?.374 6,148 +3,4434 +0. 13

Table 3. "Tatal Fhytoplankton" Means and Departures during 198B
for Sections of the New Yark Bight Transect. See teut
for explanation of relative green units.)

SECTION 1988 1971-12B7 1788 ‘1988
MEAN MEAN ANOMALY ZSCORE
relative relative relative standard
green green green deviation

Continental Shelf 0.57 1.11 -0.44 -0.18

DWDS 1046 0.28 0.44 -0.16 -0.22

Entire Transect 0.47 0.73 -0.26 -0.08

Table 4. Total Capegoda Meana and Departures during 1988

for Sections of the New York Right Transect.

SECTION 1988 1971-1987 1988 1788
MEAN MEAN ANOMALY ISCORE
no. per no. per no. per standard
100 m2 100 m3 100 m3 deviation

Continental SBhelf 22,004 14,4738 +7,5b66 +0Q,. 19

DWDS 104 2,288 788 +2, 610 +0. 44

Entire Transect 5,985 I, 255 +2, 330 +0.15

-
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