
calculate that the oscillation period is T = 

l/J,, = lC0 ps, which matches the time delay 
between relaxation peaks in Fig. 5B. T h e  
transform-lirnlted linewidth resulting froin 
40-ps pulses is I A  = 0.2 ? 0.1 A, which 
matches the measured spectral linewidth of 
the OVCSELs. 

T h e  ultimate limit for the linewidth can 
be calculated from conventional semicon- 
ductor laser theory through the  use of (16):  

h v g - i ~ n ~ ~ v i E '  
P I v  = 

16nd  

Here vU, = c/n, where c is the  speed of light 
in vacuum. T h e  Bragg reflector and buffer 
layer act as the  external cavity of total 
length L = (512) X/n .= 93C nm for A = 635 
nm,  and the  fraction of the  Inode in the  
active region is approximately 5 = C.5. 
Also, oc = In lAn '  is the  linewidth enhance- 
ment factor, where I n  and I n '  correspond 
to changes in  the  real and imaginary parts 
of the  refractive index, respectively, due to 
the  change in  carrier density upon optical 
excitation. Finally, nb, = N,/(N, - N,), 
where N, and Na are the  populations of the  
excited and ground states, respectively. 

T h e  linewidth of OSLs is comparable 
to  that  of inorganic senliconductor lasers 
wi th  similar mirror reflectivities. A guest- 
host lllolecular svsteln such as Alu,:DCM ., 
can  be treated as a four-level system, for 
which n... = 1 because the  lower state 

2,' 

involved in  the  radiative transition is un-  
occupied (N, = O), whereas in  inorganic 
selniconductors nSp is typically near 2 or 
Illore ( 1 6 ) .  T h e  main reduction in  the  
linewidth'of OSLs, however, is related to 
the  oc-~arameter.  which is well below 1 
over a wide spectral range for ~llaterials 

Time (ps) 

Fig. 5. Normalized temporal behavior of OVSCEL 
emission at excitation levels of (A) E = 1.2 E,, and 
(B) E = 2.5 E,,, indicating the presence of relaxation 
oscillations of 40-ps duraton at 100-ps intervals 

such as Alq,:DCM, whereas oc ranges from 
2 to  5 for most inorganic selnlconductor 
lasers (16) .  W e  have estimated oc (Fig. 4, 
rlght inset) by calculating An' from the  
spontaneous emission spectrum using the  
Einstein relation (17) .  and I n  fro111 I n '  , , ,  

using the  Kramers-Kronig relation. Be- 
cause the  soontaneous elllission sDectrum 
is broad and allllost symmetric, oc is snlall 
in  the  w a v e l e n ~ t h  region centered near - 
t he  emission peak, wi th  a = 0.2 a t  X = 

635 nm.  I n  c o m ~ a r i s o n  to  inoroanlc semi- 
conductor lasers, OSLs have a larger vg, 
due to  lower n,  a larger gTH, as well as a 
shorter d, all of which contribute to  a n  
increase In P l v ,  thus partially offsetting 
linelklldth-narrowing effects due to  a small 
a .  T h e  power-li~le\\;idth product fro111 Eq. 
1 is t h e n  P l v  = 1 GHz m W ,  colnparable 
to  tha t  of inorganic semiconductor lasers. 
Holvever, t he  slllall I n  of OSLs implies 
a smaller chirp (narrower pulse width) 
as cornpared to  inorganic semiconductor 
lasers. 

Optical gain in  vacuum-deposited or- 
ganic thin films is sufficient for obtaining 
very high output power, optically pumped 
vertical-cavity surface-emitting lasers. Ls -  
ing these structures in  an  electrically 
pumped configuration will require reducing 
the  lasing threshold of 300 p,J/cm2 to values 
near C . l  pJ/cm', assuming a pulsed peak 
pump current of -1 kA/cm2. T h e  use of a 
hlgher top contact reflectlvltj or more op- 
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Accelerating Invasion Rate in a 
Highly Invaded Estuary 

Andrew N. Cohen* and James T. Carlton 

Biological invasions are a major global environmental and economic problem. Analysis 
of the San Francisco Bay and Delta ecosystem revealed a large number of exotic species 
that dominate many habitats in terms of number of species, number of individuals and 
biomass, and a high and accelerating rate of invasion. These factors suggest that this 
may be the most invaded estuary in the world. Possible causes include a large number 
and variety of transport vectors, a depauperate native biota, and extensive natural and 
anthropogenic disturbance. 

O v e r  the  nast few centuries, thousands of ated transnort and have established sustain- 
species of freshwater, estuarine, and marine ing populations in  distant parts of the  globe 
organisms have dis~ersed outward fro111 (1 .  2 ) .  Manv of these organisms have oro- 
th i i r  native regions ;hrough human-medi- foundlr affected the  abuidance and d;ver- 

sity of native biota in  the  regions they have 
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06355. USA. able for analysis of spatial or teinporal pat- 
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acohenasfei org analyzed a synthesis of such data for one of 
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the  largest estuarine and freshwater ecosys- 
tems in North America, the  San  Francisco 

vertebrates (Table 1 ) .  A t  least 125 addi- weeks from 1851 to  1960, to  a n  average of 
tional species are cryptogenic. W e  sorted one  new species every 14  weeks from 1961 

Bay and Delta. This ecosystem colnprises 
1500 kmL of aquatic habitat within the  
range of normal tidal influence. It receives 
runoff from a 163,00L1-kmL watershed with 

species according to  their native regions, 
counting purely freshwater organisms as 
continental organisms and t h e  rest as ma- 
rine. Most continental organisms derived 

to  1995. 
Taken  together, t h e  large number of 

exotic species, their dominance i n  many 
habitats, and the  ranid and accelerating 

a n  extensive system of dams, water diver- 
sions, and flood channels that partially con- 

fro111 eastern Nor th  America and  Europe, 
most marine organisnls from the  Nor th  
At lant ic  and t h e  western Nor th  Pacific 
(Table 2) .  A review of sampling data and 
species llsts revealed that  exotic species 
dominate many of the  ecosystem's biotic 

rate of invasion sliggest tha t  the  S a n  Fran- 
cisco Bav and Delta mav be the  lnost 

trol river flows, which nevertheless exhibit 
considerable seasonal and annual variation. 
Water salinities also vary widely, generally 
rangi11g from fresh in the  Delta to coastal 

invaded estuary and poss~bly the  most in- 
vaded acluatic ecosvstem in  the  world. Al-  
though 'some other acluatlc systems are 
known to host manv exotic soecies 13. 

L, u 

salinities near the  1110~1th of the  Bay, and 
sollletimes hypersaline conditions during 
drought? in  southern parts of the  Bay (6). 

W e  assembled data o n  introduced aquatic 
organislns from published and unpublished 
data, augmented by our field work. Exotic 
species were defined as those not present in 
the eastern North Pacific bioregion before 
the  entry of Europeans in  the 16th century, 

associations, including infaunal and  epi- 
faunal soft-bottom benthos (organisms liv- 

I 1  ), few report as many and none  report 
the  extensive dominance b~ exotlc organ- . - 

ing within or  o n  the  bottom sediments),  
fouling communities, brackish-water zoo- 
plankton, and freshwater fish. I n  these 
communities, exotic organisms typically 
account for 4L1 to  1L10% of the  common 
species, up to  97% of the  total number of 
organisms, and up to  99% of the  biolllass 
(10) .  

I n  our analvsis of changes in  the  rate of 

isms that  is shown here (12) .  several-fac- 
tors could be contributing to  the  extent  of 
invasion in  this system: 

1)  Transport vectors. T h e  Bay/Delta sys- 
tern may have been inoculated by a greater 
number or diversity of potential invaders 
than have other estuaries. Manv mecha- 
nisms, connecting at different times to dif- 
ferent regions of the  world and favoring 

or present in distant parts of that region and 
later introduced to the BavIDelta ecosvstem 
by human-mediated mechanisms (7). Cryp- 
togenic species are species that are neither 
clearly native nor exotic (8). In earlier re- 
norts we described the evidence used to Jis- 

c7 

invasion, we used raw data as well as a data 
set modified bv the  exclusion of each 

different components of the  biota, have 
transported organisms into this ecosystem, 
including transport with ships; transport 
with oysters imported for cultivation; fish 

record for which we could not  determine 
the  year of planting, observation, or col- 
lection, or  that  we judged to  result from 
special expertise, a n  extraordinary collec- 
t ion effort, or  the  chance discovery of a 
highly localized species. T h e  modified 
data set excluded about one-third of the  
raw data. T h e  shanes of the  cumulative 

tinguish between native and exotic species 
and to determine establishment (9).  

W e  identified a total  of 234 exotic 
snecies established in  the  ecosvstem, in- 

stocking; releases or escapes from commer- 
cial and government breeding and rearing 
facilities, ornamental ponds, and aquariums; 
introductions for biological control; plant- 
i n g ~  of exotic vegetation for marsh "resto- 
ration" and erosion control: and iinoorta- 

ciLldillg plants, protists, invertebrates, and 

invasions curves (Fig. 1 )  are si~llilar for the  
raw and modified data.  T h e  raw data show 
that  55.Z0io of the  total number of inva- 
sions were recorded after 1960, versus 
49.7% for the  modified data set. Thus,  
about half of all invasions in  the  145-vear 

tion with shipments of live seafood or bait. 
T h e  scale and diversity of such mechanisms Table 1. Exotic species estabshed In the San 

Francisco Bay and Delta. Organsms that repro- 
duce in both fresh and salt or brackish waters. or 
that move between them as a regular part of the~r 
f e  cycle (anadromous and catadromous spe- 
cies), were counted in both environments. Other 
organisms were counted In the environment In 
wh~ch they reproduce. 

may be increasing \v;th the  expansion 111 

international commerce. 
2) Depauperate biota. It has been argued 

that the  relative youth of northeast Pacific 
estuaries, or their island-like isolation, pre- 
vented the  development of a species-rich 

record were reported In the  last 35 years. 
O n  the  b a s ~ s  of t h e  Ian7 data,  t he  rate of 
invasions has increased from a n  average of 
one  new species established every 55 

native biota that could resist invasions (1 3). 
However, theories that island, young, or Number Number 

OT 

Taxonomic species of Total 
species number group in salt or brackish i;;;;;; of specles 

water 
Fig. 1. Cumulative num- 
ber of exotlc specles es- .! 1 
abshedn theSanFran  c~sco data; (6) Estuary: mod~f~ed (A) data, raw A 'g 0 1 5 0 j, i ;  
time serles analysis con- 8 
ducted by C Parmesan 5 O 0  50  1 
[Box-Jenkns methodol- & 1 
ogy (19) on RATS (Re- $ 7 ~ 
gresslon Analysis of Tme I 

; 1 , , b - L , - l  -I-- 1-L 0 --H . -- I-+- Serles) software, verson 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0  

4.0 (Estima): fnal models r o b m r m r o b m  r o r . m r m m r . 0 )  
m m a m m m m m  
r r r r r r r r  

m m m m m m m m  
used only terms that con- r r r r r r r r  

tributed significantly at P Year 
< 0.05 and had uncorre- 
ated residuals by Durban-Watson and Lung-Box Q statistics] showed a sign~ficant Increase in the number 
of Invasions over time (llnear regression on raw and modlfied data separately, trend terms significant at P 
< 0.001). Trend = (time)' models explained 5% and 2% more of the variation than did trend = time models 
for raw and modified data sets, respectively (final models: R ',,, = 0.34, R ',,,,,,,,, == 0.21). Additional lag 
terms on time were unnecessay (and when forced into the models were not significant at P > 0.50 for 
both data sets), indicating that invasion events are independent between years. A better fit of trend = 

(time)' models indicates that the rate of invasions, as well as the absolute number, increases with time. 

Seaweeds 
Vascular 

plants 
Protozoans 
Sponges 
Cnidarans 
Fiatworms 
Nematodes 
Annellds 
Mollusks 
Arthropods 
Entoprocts 
Bryozoans 
Tunlcates 
Fish 
Amp hi bians 
Reptiles 
Mammals 

Total 
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REPORTS 

species-poor communities are more vulner­
able to invasion than are other communi­
ties (1, 14) have been tested only occasion­
ally and have been challenged {15). Nor 
can such theories explain the observed in­
crease in invasion rate as more species be­
came established. 

3) Disturbance. It has been argued both 
that extreme natural disturbance events 
facilitated the establishment of some ex­
otic organisms in the Bay/Delta system 
(16) and that human alterations of habitat 
have made the system vulnerable to inva­
sions (17), consistent with the view that 
disturbed" environments are more easily 
invaded ( ] , 18). Although greater num­
bers or greater dominance of exotic species 
in disturbed areas relative to undisturbed 
areas has often been observed, it is unclear 
whether this occurs because these areas 
are more easily invaded, because they are 
more heavily inoculated with exotic or­
ganisms, or because a greater number of 
the inoculated organisms are adapted to 
the disturbed environments from which 
they were imported. It is also unclear 
whether the Bay/Delta system is any more 
disturbed than other estuaries. 

The relative contribution of these fac­
tors to the extent of invasion might be 
illuminated by comparative studies with 
other estuaries, but these must await the 
development of comprehensive regional 
data sets on invasions similar to the one 
discussed here. Proceeding with such work 
would be of great value. Our study shows 
the San Francisco Bay and Delta to be 
extensively invaded, seemingly far more so 

Table 2. Native regions of exotic species that 
have become established in the San Francisco 
Bay and Delta. Where native regions are impre­
cisely known (for example, the organism could be 
native to either the eastern or western North At­
lantic), the count was split, so figures for some 
regions include "half" species. 

than other large aquatic ecosystems. Given 
the potential impact of such invasions on 
both native biological diversity and human 
economic activities, it is a matter of some 
urgency to learn why. 
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Role of Substrates and Products of PI 3-kinase 
in Regulating Activation of Rac-Related 

Guanosine Triphosphatases by Vav 
Jaewon Han, Katherine Luby-Phelps, Balaka Das, 

Xiaodong Shu, Yi Xia, Raymond D. Mosteller, U. Murali Krishna, 
John R. Falck, Michael A. White, Daniel Broek* 

Mitogen stimulation of cytoskeletal changes and c-jun amino-terminal kinases is me­
diated by Rac small guanine nucleotide-binding proteins. Vav, a guanosine diphosphate 
(GDP)-guanosine triphosphate (GTP) exchange factor for Rac that stimulates the ex­
change of bound GDP for GTP, bound to and was directly controlled by substrates and 
products of phosphoinositide (PI) 3-kinase. The PI 3-kinase substrate phosphatidylino-
sitol-4,5-bisphosphate inhibited activation of Vav by the tyrosine kinase Lck, whereas the 
product phosphatidylinositol-3,4,5-trisphosphate enhanced phosphorylation and acti­
vation of Vav by Lck. Control of Vav in response to mitogens by the products of PI 
3-kinase suggests a mechanism for Ras-dependent activation of Rac. 

Mito gens induce Rac-mediated changes 
in the actin cytoskeleton as well as Rac-
mediated regulation of gene expression. 
Rac-related proteins are activated by a 
family of guanine nucleotide exchange 
factors (GEFs) related to the Dbl onco­
gene product that catalyze the exchange 
of bound GDP for GTP on Rac-related 
guanosine triphosphatases (GTPases) (I, 
2). The functional properties of the Dbl 
homology domain of the Vav oncogene 
product are regulated by Lck-dependent 
tyrosine phosphorylation (3, 4). However, 
this observation alone does not explain 
the apparent interaction of Vav with the 
Ras signaling pathway (5, 6). T cell recep­
tor activation results in activation of Vav, 
Ras, and PI 3-kinase (7). Each of these 
events results in activation of Rac-related 
GTPases (3, 4, 8). However, the mecha­
nism by which Ras, PI 3-kinase, and Vav 
might interact to mediate activation of 
Rac is unknown. Vav, like all known Dbl-
related molecules, has a pleckstrin homol­
ogy (PH) domain on the COOH-terminal 
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side of the GEF domain (I) . Because some 
PH domains bind substrates and products 
of PI 3-kinase (9-11), we tested whether 
phosphoinositides bound to the PH do­
main of Vav and affected Vav GEF activ­

ity for Rac-related GTPases. 
We examined the ability of Vav to stim­

ulate guanine nucleotide exchange on Rac 
in the presence of substrates or products of 
PI 3-kinase. We used water-soluble analogs 
of phosphatidylinositides that are biologi­
cally active {12, 13). A His-tagged Vav 
fusion protein was incubated with the Lck 
tyrosine kinase to allow the kinase reaction 
to go to completion. Lck was removed by 
successive washings of the immobilized Vav 
protein. Phosphorylated Vav, but not un-
phosphorylated Vav, stimulated the release 
of [3H]GDP from Rac (Fig. 1A) (3). The 
presence of a water-soluble PI 3-kinase sub­
strate, C8 phosphatidylinositol-4,5-bisphos-
phate [C8PtdIns(4,5)P2], in the GEF reac­
tion resulted in a 90% inhibition of Vav 
GEF activity. The natural PtdIns(4,5)P2, 
when incorporated into micelles, also in­
hibited Vav-GEF activity to a similar ex­
tent {14). In contrast, the presence of PI 
3-kinase products, C8 phosphatidylinositol-
3,4-bisphosphate [C8PtdIns(3,4)P2] or C8 
phosphatidylinositol-3,4,5-trisphosphate [C8 
PtdIns(3,4,5)P3], in the GEF reaction result­
ed in a twofold stimulation of Vav GEF 
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Fig. 1. Interaction of phospho­
inositides with the PH domain of 
Vav and modulation of Vav GEF 
activity. (A) Regulation of Vav GEF 
activity in vitro. Lck-phosphoryl-
ated Vav was incubated with Rac, 
Cdc42, or RhoA and C8Ptdlns(4,5)-
P2 (10 |xM)f C8Ptdlns(3,4)P2 (10 
fiM), or C8Ptdlns(3,4,5)P3 (10 fiM) 
(72). Guanine nucleotide release as­
says were done as described (3). (B) 
Dose-dependent binding of 1 2 5 l -
labeled C8Ptdlns(4,5)P2 to Vav. 
His-tagged Vav(L) protein (3) im­
mobilized on Ni-agarose was incu­
bated with the indicated concen­
tration of Bolton-Hunter reagent-
labeled C8Ptdlns(4,5)P2-NH2 (25). 
Material associated with His-
Vav(L) immobilized on Ni-agarose 
was collected, and the amount of 
125l-phosphoinositide was count­
ed with a gamma counter. (C) Fail­
ure of C8Ptdlns(4,5)P2 to displace C8Ptdlns(3,4,5)P3 from Vav. 
C8Ptdlns(3,4,5)P3-NH2 was labeled with 125l as above. His-Vav(L) 
protein immobilized on Ni-agarose was incubated with 1 2 5 l -
C8Ptdlns(3,4,5)P3 alone or in the presence of 50 [xM C8Ptdlns(4,5)P2 
or 50 [xM C8Ptdlns(3,4,5)P3. The amount of 125l-C8Ptdlns(3,4,5)P, 
associated with Vav was determined as described above. (D] _ 
domain mutants of Vav are defective in binding C8Ptdlns(3,4,5)P3. 2 J I J 
Wild-type or mutant His-Vav protein (10 pmol) (26) was incubated 
with a saturating amount of 125l-C8Ptdlns(3,4,5)P3, and the amount of C8Ptdlns(3,4,5)P3 binding to 
Vav was determined as above. 
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