Microzooplankton grazing of large, chain-forming diatoms during upwelling events in Monterey Bay, CA
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The role that microzooplankton (principally dinoflagellates and ciliates) play in the microbial foodweb has been studied extensively and is thought to revolve primarily around their effect upon pico- and nanoplankton (Azam et al. 1983). However, the notion that some microzooplankton are capable of grazing larger prey is not new (Thomsen et al. 1990, Hansen 1991, Jacobson & Anderson 1992). In two previous studies we have shown that athecate dinoflagellates are capable of ingesting chains of diatoms, digesting the cellular contents of the diatom and egesting the more or less intact remains in a relatively tightly packed fecal pellet surround by a peritrophic membrane (Buck et al. 1990, Buck and Newton 1995).  The significance of this behaviour lies in the potential effect upon the flux of POC and biogenic silica out of the upper water column and in the potential top-down control of phytoplankton biomass buildup. Even though previous reports on small dinoflagellate fecal pellets have been from disparate environments: Antarctic sea-ice (Buck et al. 1990), Antarctic water column (Nothig and von Bodungen 1989) and a small protected embayment in Washington state (Buck and Newton 1995), they have been remarkably consistent with respect to the morphology of the pellets. Here we report on three instances where an athecate dinoflagellate (Gyrodinium sp.) was present in high abundances in relatively open ocean waters of Monterey Bay and contiguous waters of the California Current and preyed on a diversity of chain-forming diatoms.


Samples used in this study came from surface water taken as part of the routine sampling in Monterey Bay in 1993 and 2000 (Pennington and Chavez 2000) or from Monterey Bay and contiguous waters of the California Current sampled during a multi-ship experiment in 1995 (see Brzezinski et al. 1998). Stations sampled varied in distance offshore from 5 to 56 km (Table 1). Aliquots of surface water collected with a CTD and Niskin bottles were preserved with glutaraldehyde (final concentration 2%). Twenty five mls of the preserved seawater were filtered through 0.2 µm pore size, 25mm diameter polycarbonate filters and placed on a coverslip with a drop of Zeiss immersion oil between the filter and the coverslip. Epifluorescence enumerations and biomass estimates were carried out following standard procedures (Buck et al. 1992). Aliquots were prepared for scanning electron microscopy (SEM) by filtration through polycarbonate filters, followed by rinsing with distilled water and air drying. 10 ml subsamples from the most recent expedition were settled and counted on an inverted microscope for the abundance and content of fecal pellets.


The predominant dinoflagellate in these 3 instances was approximately 100 micrometers in length and 50 micrometers in width and was teardrop shaped. We have not attempted to assign a species epithet but these organisms shared a size and shape similar to Gyrodinium spirale. The size, shape and particular yellow-green fluorescence imparted by glutaraldehyde fixation (Figs. 1-4) facilitated identification and enumeration. The presence of Gyrodinium spp. in the surface water samples we routinely process for phytoplankton and aplastidic protist enumeration from Monterey Bay is not unusual, however, high abundances (>103 cells l-1) have only been noted on three occasions, July 1993, April-May 1995 and in March 2000 (Table 1). Absolute carbon concentration associated with Gyrodinium and relative to phytoplankton during these three events were usually rather modest although the March 2000 values were higher (Table 1). Previous studies (Hansen 1991, Buck and Newton 1995) report both higher absolute biomass and relative to phytoplankton carbon. 

A high percentage of the Gyrodinium we observed possessed conspicuous inclusions (Figs. 1-4). In a number of instances the composition of these inclusions could be ascertained to the level of centric/pennate diatom (Fig.4) and even the diameter of the chain could be measured. Coincident with the high abundances of Gyrodinium were fecal pellets of a size, shape and composition consistent with dinoflagellate produced pellets (Figs. 5-8). Dinoflagellate fecal pellets are somewhat smaller in size (60 x 44 µm) than the organism that produces them (95 x 58 µm), are comprised of intact diatoms, usually of a chain forming taxa, and usually have a membrane surrounding the pellet (Figs. 5-8, Buck et al. 1990, Buck and Newton 1995). Pellets were comprised of Skeletonema, Chaetoceros, Thalassiosira, Pseudo-nitzschia and Minidiscus. In most, but not all, instances the cells that comprised the pellets were devoid of protoplasm lending the pellets a translucent quality when viewed with transmitted light on a compound microscope and rendering them invisible when viewed with epifluorescence. The composition of the pellets reflect the assemblage of diatoms present in the surface waters (Table 1). Although most pellets were comprised of a single taxa/chain, there were instances where the pellet was composed of multiple taxa (Fig. 6). Several reports from the Antarctic also have described fecal pellets of probable dinoflagellate origin as being composed of more than a single species of prey (Nothig and von Bodungen 1989).

The most recent samples (Table 1) had 11000 and 4000 pellets per liter for stations C1 and M1 respectively. These concentrations are quite high with respect to the numbers of Gyrodinium present (1920 and 1600 l-1 respectively). There have been few other studies that report discrete fecal pellet concentrations from the water column. One of these reports relatively modest concentrations (68 l-1, Nothig and von Bodungen 1989). If we calculate the sinking rate of these pellets (Small et al. 1979) based upon the mean (data not shown) of their volume, we get sinking rates of 13-22 m d-1 which may account for the high abundances we observe.  A 1 to 3 day lag period was reported between maximal Gyrodinium concentrations in the top 10 m and the maximal dinoflagellate fecal pellet flux at 50m in Dabob Bay (Buck and Newton 1995) which is consistent with the calculated sinking rate. It has been suggested that the grazing pressure on diatom stocks was low during the 1995 experiment (Brzezinski et al. 1998) but the evidence for this assertion was based on the conservation of biogenic silica in the upper water column. Grazing by dinoflagellates with the subsequent production and high residence times in the upper water column of these small fecal pellets would also give an impression of no grazing.  While we are not contending that the grazing pressure exerted by Gyrodinium was on the same order as might be expected from mezozooplankton, it clearly had some impact. If we use published values (Hansen 1992) to calculate clearance with the phytoplankton biomass, we can estimate the potential impact that Gyrodinium have on the pimary producers. Clearance (d-1) ranges from less than 1 to over 10 percent of the phytoplankton biomass (Table 1).

The observations we have made during the three high Gyrodinium abundance events in and offshore of Monterey Bay over the past decade are consistent with previous reports in most aspects. The Gyrodinium are most abundant during diatom blooms, are able to ingest and process long chains of diatoms and produce a fecal pellet characteristic of this type of feeding process i.e. one that is comprised of intact frustules , usually of a single taxa/chain, devoid of protoplasm and surrounded by a peritrophic membrane. The observation that Gyrodinium are capable of ingesting (Fig X), processing and egesting a fecal pellet of Pseudo-nitzchia is timely in light of the recent reports of blooms of this organism on the west coast of the North America (Buck et al 1991, Scholin et al 1999). This is the first published account of grazing on Pseudo-nitzschia by other protists. One of the identified vectors for passing the domoic acid produced by some species of Pseudo-nitzschia up the food chain is the anchovy. Subsequent predation on anchovies by top predators such as pelicans and sealions (Work et al. 1993, Scholin et al., 1999) has resulted in mortality. Predation by Gyrodinium and other microzooplankton may play a role in short circuiting of this pathway. It should be noted that other larger (100’s of µm) fecal pellets (Gowing et al. 1998, Nothig and von Bodungen 1989, Gonzalez 1992) either have been shown or are suspected to be of dinoflagellate origin.  These larger pellets are much more prone to sinking out of the upper water column and might have a greater impact on the total flux (Gowing et al. 1998, Nothig and von Bodungen 1989, Gonzalez 1992) than the smaller pellets described in this communication.

During 12 years of approximately tri-weekly sampling in Monterey Bay we have only noted three instances of high heterotrophic dinoflagellate concentrations, in all cases these were Gyrodinium spp. like those described here. The lack of grazing impact on the high phytoplankton biomass associated with this predictably productive upwelling regime may be the real story here.

Table 1. Dates, station numbers (distance from shore in km), Gyrodinium abundance (cells l-1), Gyrodinium carbon concentration (µg l-1), phytoplankton carbon concentration (µg l-1), dominant phytoplankton taxa, and percent of the phytoplankton biomass removed daily by Gyrodinium grazing in surface waters of Monterey Bay from July 1993 to March 2000.

Cruise
Station 
Gyrodinium abundance
Gyrodinium carbon
Phytoplankton carbon
Dominant phytoplankton
% Phytoplankton grazed (d-1)

July 1993
C1 (5)
720
11.2
304
Chaetoceros
6.0


M1 (19)
1680
15.2
781
Chaetoceros
7.6


H3 (19)
1600
17.2
583
Chaetoceros
8.8


Midpoint (42)
960
10.3
348
Chaetoceros
5.3

CoOP
6 (56)
440
2.1
128
Skeletonema/Chaetoceros
1.1


7 (45)
280
0.4
26
Chaetoceros
0.2


8 (33)
440

108
Skeletonema



58 (37)
1120
3.2
690
Chaetoceros
1.6


67 (15)
3800
11.4
221
Skeletonema/Thalassiosira/Chaetoceros
5.4


94 (56)
520
12.2
671
Skeletonema
0.5

Mar.2000
C1 (5)
1920
27.3
125
Chaetoceros
6.5


M1 (19)
1600
38.9
292
Chaetoceros/ centric
10.4
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