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Introduction
A strong empirical regularity found across industries is the non-monotonicity of firm density over time.  In economics, sociology, management strategy or organizational behavior, researchers have documented that the number of firms in an industry increases from birth the industry to a peak, and then declines from that time to some roughly steady-state number.  This inverted-U shape has been documented in hundreds of studies.  Economists have attributed this pattern to differences in cost structures of firms, driven mainly by the discovery and/or adoption of innovations (Jovanovic 1982; Jovanonic and MacDonald 1994; Klepper 1996).  Sociologists, led by organizational ecologists, have attributed this trend to legitimation of organizational fields and then subsequent competition (Hannan and Freeman 1989; Carroll 1987).  

Yet one concern in this literature is that the focus on a single, largely homogeneous population or industry may limit our insight into the mechanisms by which one population may affect another (Astley 1985).  Some scholars have addressed this by exploring interrelations across populations that experience “niche overlap” – that is, populations that compete only partially for resources (Baum & Singh 1994).  Others have explored how populations pursuing competing production technologies in the same industry will affect each other’s life chance (Barnett & Carroll 1987; Barnett 1990; Utterback 1994).  Still others have launched a study of “community ecology” (Astley 1985; Lomi 1995; Ruef 2000) in which interdependent populations within a community of populations influence each others’ evolution.  Yet thus far, the empirical efforts to flesh out such co-evolution has focused on the interaction between overlapping populations, or industry segments, that compete for roughly similar resources and customers and that can be crudely characterized as horizontally related populations.
 

In this study we extend the industry evolution literature by explicitly considering connections between vertically related industries.  We believe that this is a particularly fruitful area of study because it enables us to draw on the voluminous literature on vertical integration and vertical relationships (e.g., Williamson 1985; Perry 1989). Specifically, we explore whether a downstream firm’s exit rate is affected by the prevalence of upstream suppliers of a key component.  We further explore whether different governance forms in the upstream supplier industry – vertically integrated suppliers vs. suppliers that sell on the open market – affect a downstream firm’s exit rate differently.  Finally, we revisit the traditional population density – exit rate relationship while explicitly controlling for upstream industry characteristics, to explore whether the conventional interpretation of density effects survives our expansion of the empirical lens.

After developing predictions pertaining to the above relationships, we test them empirically in a study of the laser printer industry from 1984 to 1996.  Hewlett-Packard pioneered this industry in 1984, introducing a printer that relied on a laser printer engine from Canon.  Both industries experienced rapid growth in number of firms until 1990; the printer industry then experienced a gradual decline in population through the end of our sample, while the engine industry has retained a stable number of firms since 1990.  These industries are characterized by a variety of governance forms: fully-integrated firms, partially-integrated firms, and non-integrated firms.  We find empirical support for our theoretical predictions.  In particular, the exit rate of printer firms declines as the number of engine firms increases.  This effect is driven entirely by the number of non-integrated or partially-integrated engine firms; increases in the number of fully-integrated firms (who “sell” all of their engine output in-house to their downstream division) have no effect on printer firm exit rates.  Finally and perhaps most intriguing, in models that include information on the laser engine population, the traditional U-shaped effect of printer firm density on printer firm exit rates disappears, and is replaced by a purely competitive effect.  Although this study of a single industry can provide only indicative evidence, we speculate as to why the commonly found U-shaped effect of population density in the literature – and the widely held legitimation and competition interpretation of this effect – might be an artifact of the industry scope of previous studies.

The paper proceeds as follows.  In the next section we review the relevant literature and develop theoretical predictions.  In the following section we present key features of the laser printer industry and describe the data and model that we use.  After that we present and discuss our empirical results.  We then note some extensions and interpretations of our work.  Finally, we conclude.

The Evolution of Vertically Related Industries
How does the density of firms in a focal industry affect the life chances of constituent firms?  Scholars from different research traditions have developed different answers to this question based on their distinct conceptions of how industry density influences the strength of the industry’s “selection environment” – in particular, the carrying capacity of the industry and the degree of competition among industry members.  Economic theories of industry evolution (e.g., Klepper 1996, 2002; Agarwal & Gort 2002) focus attention on the increased competition generated by more firms that increases selection pressure on less able firms.  In these models, the intensity of competition is increasing in the number of firms (conditional on in their size and R&D expenditure).  Such models recognize that an increase in carrying capacity of an industry can offset this competitive effect in the early years of an industry, but focus on the competitive effect over time.  This allows the economic models to incorporate a key pattern observed in many studies – the negative relationship between density and life chances at low levels of density (which usually occur early in an industry’s life cycle) – while remaining agnostic about the precise mechanisms underlying this pattern.
Sociologists, notably organizational ecologists, have developed a sociological theory to explain the increased carrying capacity of an industry or population (Hannan & Freeman 1989; Hannan & Carroll 1992).  New organizational forms are not well understood, and consequently the purveyors of such forms face difficulties in overcoming reluctance of key resource providers to transact with them.  For example, the first automobile producers must convince prospective suppliers, employees, buyers, and others that the automobile is actually a viable product – it actually serves a useful purpose, it satisfies customer needs in a way that adds value, and so on.  In such a context, it is difficult and costly to operate, and survival rates for these apparently peculiar organizations are high.  When there are only a handful of such organizations, each organization is likely to be dismissed as lacking legitimacy; however, as such organizations become more prevalent (more car dealers in town; more billboards and newspaper advertisements for autos; etc.), the organizational form becomes more widely accepted as legitimate or taken-for-granted, and each organization in the population faces fewer difficulties in accessing resources.  Thus, the downward-sloping portion of the U-shaped relationship between density and exit rates is attributable to the legitimating effects of density.  However, further increases in firm density yield diminishing returns in terms of legitimacy, and eventually competitive effects of density swamp legitimation effects. 
Although a substantial body of research has examined the impact of industry density on survival rates, scholars have devoted less effort to considering how changes in related industries might affect survival.  The study of community ecology – wherein scholars study a “group of populations bound by ecological ties…that consequently coevolve with each other” (Rao 2002: 541) – is an important exception.  Studies of the interaction between rural banks and urban banks in Italy (Lomi 1995) or of the interaction between telephone companies relying on common-battery technology and those relying on magneto technology (Barnett 1990) demonstrate both competitive and mutualistic effects across these populations; clearly, analysis of survival rates within one population in isolation when that population is interdependent with another can yield inaccurate estimates and flawed interpretation (Baum 1996; Fombrun 1988).  However, virtually all studies of multiple populations to date have focused on interactions among overlapping populations, or industry segments, that compete for roughly similar resources and customers and that can be crudely characterized as horizontally related populations.
Our primary insight is that, for most populations, vertically related industries form a relevant part of the community and are key factors affecting the carrying capacity of a focal industry.  In particular, an increase in the density of upstream suppliers should enhance the life chances within a downstream population, all else equal.  
The survival of firms in an industry is not only intimately related to the activities in the focal industry, but also to activities in the value chain.  Buyers and suppliers can have a large effect on the success of an industry and therefore, on the survival of individual firms in an industry.  Multiple suppliers to an industry offer many avenues for a focal industry to obtain components, thus creating competition in the upstream supply industry and therefore reducing component prices (Porter 1980; de Fontenay & Gans 2005).  Downstream firms face less competition for resources or components than they would if the industry was more concentrated upstream (Salinger 1988).  Further, the presence of multiple suppliers can reduce the vulnerability of downstream firms to hold-up associated with small-numbers bargaining, thus allowing for greater efficiency and profits for downstream firms (Williamson 1985).  
Increasing the number of suppliers upstream also has a second positive effect:  it creates variation in the component supply.  This increase in the number of components allows a firm to choose the right combination of components that are suited to its users’ needs and thus enables the downstream firms to create more horizontally and vertically differentiated products to meet the needs of end users.  Indeed, this may come through the back-and-forth discussion between upstream and downstream firms as they attempt to more closely meet the need of end-users. Greater horizontal and vertical separation between products afford the downstream firm greater opportunity to avoid direct competition in product space with its competitors, and thus enhance its chances for survival.

A final mechanism by which the number of suppliers affects the survivability of downstream firms is through a sociological process could be legitimation (Aldrich & Fiol 1994).  As more suppliers come into an industry and are willing to supply components to the downstream firm, the downstream firm may find it easier to access other (non-upstream) resources, such as capital, for its firm.  The presence of a large supplier base may legitimate the downstream industry and alleviate the risks and fears of the outside resource providers that the industry will cease to exist.

Thus we generate our theoretical prediction:

H1:  The number of upstream suppliers to an industry is negatively associated with 
    

the exit rate of firms in the downstream industry
We next turn to an assessment of the effect of vertical integration among upstream suppliers.  The field of vertical integration has numerous theories and models that describe in fine detail why, and under what circumstances, firms vertically integrate:  to avoid hold-up problems (Williamson 1985), efficiently allocate property rights (Grossman & Hart 1986), harness innovative capabilities (Teece 1986, de Figueiredo & Teece 1995), avoid or attempt vertical foreclosure (Salinger 1995), and gain economic efficiencies and economies of scale (Hortacsu & Syverson 2007), to name just a few.  That said, these theories largely ignore the competitive dynamics of vertical integration (Negro & Sorenson 2005).  All but one of these perspectives emphasizes internal efficiency benefits associated with vertical integration or disintegration.  Although the vertical foreclosure perspective highlights the competitive aspect of integration in an equilibrium setting, neither that theory nor the efficiency-based theories can explain two important features of industry dynamics:  1) the dynamics of industry co-evolution—that is how buyer and supplier industries co-evolve over time, and 2) how upstream vertically integrated firms affect survival rates of downstream firms over time.  To fill this gap, we examine how vertical integration should affect survival rates of downstream buyers.

The first hypothesis assumed no ownership relationship between the upstream and downstream firms.  However, we now extend the theory to incorporate the possibility of vertical integration.  Above we argued that an increase in suppliers selling to downstream firms enhances the survival rates of downstream firms by providing more choices and reducing hold-up risk.  A “captive” supplier – that is, a supplier that sells all output internally to a vertically integrated downstream producer – will likely not provide the same benefits to downstream rivals as it will to its internal downstream subsidiary.  By definition, if a captive supplier does not sell to downstream firms other than its in-house buyer, then an increase in captive suppliers will not benefit downstream firms (other than the in-house buyers) as much as non-captive suppliers will (Salinger 1988).  
Further, even if a supplier is only partially captive – that is, it sells some of its engines on the open market – such a supplier may have higher bargaining power than independent suppliers, thus resulting in a higher-cost structure for non-integrated downstream rivals, and may have an incentive to give its in-house buyer preferential access to newly developed or higher-quality components (de Figueiredo & Teece 1995).  

Overall, then, this suggests that increases in non-integrated component suppliers will be associated with a more substantial reduction in downstream firms’ exit rates than will increases in partially-integrated upstream suppliers, which in turn will generate a more substantial reduction in exit rates than will increases in captive suppliers.
H2: The negative association between number of upstream firms and exit rates 
of downstream firms is greatest for non-integrated upstream firms and 
smallest for captive upstream firms.

Thus far we have discussed the distinct effect of upstream firms’ governance forms on survival rates of downstream firms.  This distinction also has implications for the effect of downstream firms’ population density on a focal firm’s exit rate.  To the extent that a vertically integrated firm has incentives to pace technological advance in an industry by managing coordination across stages (de Figueiredo and Teece 1995), vertically integrated rivals may generate stronger competitive pressure than non-integrated rivals.  More generally, to the extent that vertically integrated firms can gain advantages associated with preferential access to engines or to reduction of double marginalization, vertically integrated downstream firms are likely to be fiercer competitors than their non-integrated counterparts (Negro & Sorenson 2006).  Thus, we predict:

H3:  The competitive effect of population density of vertically integrated rivals will be stronger than that of non-integrated rivals.

The Laser Printer Industry


As the personal computer market expanded in the 1980s, so too did the market for desktop printers.  Hewlett-Packard introduced the first desktop laser printer for the retail market in 1984.  By the end of 1985, 17 firms had introduced 33 models of printers.  At its peak in 1990, the industry had 124 firms, but by 1996 the number of firms had fallen to 97.  


A desktop laser printer is made, essentially, of three main components – laser engine, controller card (the electronics), and exterior features such as toner cartridge, feeder tray and plastic outside box.  To create a printed page, the paper passes from the feeder tray to the laser engine, where the page is electrically charged.  Fine-grain toner of the opposite charge is attracted to the paper, heated, and fused to the page by the fuser assembly of the laser engine.  The paper is then ejected to the exterior paper tray.  The controller card governs the process and provides the many features that a given laser printer offers.  


Of these components, the laser engine is both the most expensive and subject to the most variation in governance.  The vast majority of laser printer producers make their own controller cards. Conversely, virtually all laser printer makers purchase exterior features, which are essentially commodity components, on the open market.  However, there is substantial variation in production of laser engines, with roughly 20% of laser printer firms making at least some of their engines in-house.  From the perspective of the engine manufacturers, roughly 80% of laser engine producers sell at least some of their engines to other firms.  Canon is the dominant engine supplier, with 60% market share throughout the sample period (including in-house shipments that comprise a negligible amount of market share).  Figure 1 shows the entry and exit patterns of vertically integrated and vertically disintegrated laser printer firms, while Figure 2 shows these patterns for laser engine firms.
 [INSERT FIGURES 1 and 2 ABOUT HERE]

Empirical Analysis


We compiled life histories of each product and firm in the desktop laser printer industry, from its inception in 1984 through 1996.  Our primary data source was Dataquest’s annual SpecCheck report on page printers, which is the single most comprehensive public database on these printers.  SpecCheck provides information on a variety of printer characteristics including name of printer manufacturer, name of engine manufacturer, initial ship date, number of units shipped in the year, and other features.  To fill in missing data from early years in the industry, we supplmented this data source with information from PC Magazine and PC World.  In addition, we obtained further quantity data from a separate, non-public Dataquest market research database and from a private consulting firm that had engaged in a long-term study of the laser printer industry.  We believe that the resulting dataset is the most comprehensive available for the laser printer and laser engine industries.  Over the 13-year period, we record 3,836 printer-year observations that aggregate up to 916 firm-year observations.

To test our hypotheses, we analyze organizational exit from the laser printer industry.  Consequently, we construct a dependent variable identifying instances of exit.


Exitjt is a categorical variable set equal to 1 if printer firm j exits the laser printer industry in year t, and 0 otherwise.  Printer firm j exits the laser printer industry when it ceases to ship all products in the industry.  If firm j withdraws one or more products, but continues to sell at least one other product in the industry, then it does not exit the industry.


Our hypotheses focus on the effects of engine firm density and printer firm density on the exit rate of a focal printer firm j.  We constructed density measures as follows:


EngineDensityt is a count of the number of laser engine firms operating as of year t.  This includes both independent laser engine firms that sell their products on the open market and vertically integrated firms that are entirely captive producers.  Hypothesis 1 predicts that the exit rate of a focal printer firm will decline as the number of engine producers increases.  We therefore expect that the coefficient for EngineDensity will be negative.

EngineSellerDensityt is a count of the number of laser engine firms that sell at least some of their engines on the open market as of year t.  EngineCaptiveDensityt is a count of the number of laser engine firms whose engine production is entirely captive to a downstream laser printer division.  Hypothesis 2 predicts that an increase in the number of non-captive engine firms will have a larger impact on a printer firm’s survival rate than will an increase in the number of captive engine firms.  We therefore expect that the coefficient for EngineSellerDensity will be significantly more negative than that of EngineCaptiveDensity.  To further distinguish levels of integration, we further disaggregate EngineSellerDensity into EngineSellAllDensity and EngineTaperedDensity, which are counts of the number of laser engine firms that sell only inhouse and that both sell inhouse and on the open market, respectively.


PrinterDensityt is a count of the number of laser printer firms operating as of year t.  PrinterDensity2t is the square of PrinterDensityt. A long literature in organizational ecology finds that the density of firms has a U-shaped effect on the exit rate of a focal firm in that industry (see e.g. Baum 1996).  Consequently, we expect that the coefficient on PrinterDensity will be negative and the coefficient on PrinterDensity2 will be positive, at least in our baseline estimation.  We are agnostic about the effect of printer density once we include a measure of density in the upstream engine market.

 
MakePrinterDensityt is a count of the number of laser printer firms that make at least some of their own laser engines as of year t.  MakePrinterDensity2t is the square of MakePrinterDensityt.  BuyPrinterDensityt is a count of the number of laser printer firms that buy all of their laser engines as of year t.  BuyPrinterDensity2t is the square of BuyPrinterDensityt.  Hypothesis 3 predicts that vertically integrated printer firms will generate more intense competition for printer rivals than will non-integrated printer firms.  Consequently, we expect that the combined effects of coefficients from MakePrinterDensity and MakePrinterDensity2 will be significantly larger than those of BuyPrinterDensity and BuyPrinterDensity2.  To further distinguish levels of integration, we also disaggregate MakePrinterDensity into MakeAllPrinterDensity and TaperedPrinterDensity, which are counts of the number of laser printer firms that use only inhouse engines and that use both inhouse and purchased engines, respectively.

We also include several control variables in our estimation.  A firm’s age is often found to have an effect on its survival chances. We therefore include FirmAgejt, a count of the number of years that firm j has participated in the laser printer industry as of year t.
  A firm’s size is also frequently found to have an effect on its survival chances.  We do not have a direct measure of size other than firm sales, which is a problematic measure because it may conflate other key aspects of the firm’s performance with its size (i.e., more successful firms have higher sales and also are not likely to exit).  Instead, we construct the proxies NumProductsjt, measured as the number of different printer models that firm j sells in year t, and NumClassesjt, measured as the number of different product classes in which firm j competes. We include NumProductsjt and NumClassesjt as proxies for firm size or scope.
  
[INSERT TABLE 1 ABOUT HERE]
.
Table 1 displays the descriptive statistics for our variables.  The average firm is 3.5 years old and competes in 2.5 product classes.  Roughly 20% of laser printer firms make at least some of their engines.  Similarly, roughly 20% of laser engine firms are entirely captive to downstream laser printer producers. Not surprisingly, the correlation coefficients among the various printer density measures are high.  Similarly, the correlation coefficients among the various engine density measures are high.  However, the correlations between engine firm density and printer firm density are less significant.  
Results

To test our hypotheses about exit, we estimate piecewise hazard rate models of the probability that a firm exits the laser printer industry.
  Table 2 presents results from our tests of  Hypothesis 1, concerning the effect of density in the upstream engine industry on exit rates in the downstream printer industry.  Models 1 and 2 estimate traditional baseline models from the prior literature.  Models 3 and 4 then extend these models by including the measure of engine firm density.  We note that the coefficients for the control variables FirmAge (insignificant) and NumClasses (negative) are consistent across all four models.  Laser printer firms appear to exhibit no liability of newness, adolescence, or obsolescence. However, broader product scope is associated with lower exit rate for a printer firm.  We now turn to the density measures.  

[INSERT TABLE 2 ABOUT HERE]

In Model 1 we include only the main effect PrinterDensity, while in Model 2 we include its square term as well.  The coefficient on PrinterDensity is insignificant in Model 1. In Model 2, however, the coefficients on PrinterDensity and PrinterDensity2 are negative and positive, reflecting a U-shaped effect of density on a printer firm’s exit rate.  These models are consistent with the voluminous literature from organizational ecology, in which the negative coefficient on PrinterDensity and the positive coefficient on PrinterDensity2 are interpreted as evidence of legitimation and competition, respectively. 
In Model 3 we replicate Model 1, with only the main effect PrinterDensity, but also add EngineDensity.  In Model 4 we replicate Model 2 but include EngineDensity. In both models, the coefficient on EngineDensity is negative and significant.  An increase in the number of upstream engine firms is associated with a reduction in the exit rate of downstream laser printer firms.  The likelihood-ratio test indicates that Model 3 offers significantly better fit than Model 1, and that Model 4 offers significantly better fit than Model 2.  In sum, we interpret these results as support for H1. 

Models 3 and 4 also indicate that the inclusion of engine firm density has a striking effect on the effect of printer firm density.  In Model 3 the coefficient on PrinterDensity, which was insignificant in Model 1, now becomes significant and positive.  In Model 4 the coefficients on PrinterDensity and PrinterDensity2 switch signs compared to Model 2, with positive and negative coefficients, respectively.  At first glance, this implies that instead of generating the conventional U-shaped effect on exit rates, printer density generates an inverted-U-shaped effect on exit rates after including engine density. However, assessment of the coefficients indicates that the combined effect of PrinterDensity and PrinterDensity2 does not turn negative until reaching a density of 163 laser printer firms, which is outside the observed range of data (maximum density in the sample = 124 firms).  Thus, for the observable range of data in the sample, increases in printer firm density are associated with a monotonic increase in printer firm exit rate, although this increase is less pronounced at greater levels of density.  This is an intriguing result.  
[INSERT TABLE 3 ABOUT HERE]

In Table 3 we extend our analysis to distinguish between engine firms that are captive producers and those that sell their engines to other firms.  Models 5 and 6 replicate Models 3 and 4 from Table 2, except that EngineDensity is replaced by EngineCaptiveDensity and EngineSellerDensity.  The coefficient for EngineSellerDensity is significant and negative, while the coefficient for EngineCaptiveDensity is insignificant (and of much smaller magnitude).  This indicates that a printer firm’s exit rate is reduced by the density of upstream engine manufacturers who sell to printer firms, but not by the density of upstream engine manufacturers who are captive to downstream printer firms.  Models 7 and 8 replicate this analysis with our most fine-grained distinction among engine producers: EngineSellAllDensity, EngineSellSomeDensity, and EngineCaptiveDensity.  The coefficient for EngineCaptiveDensity remains insignificant. The coefficient for EngineSellSomeDensity is negative and significant, and the coefficient for EngineSellAllDensity is negative, significant, and significantly larger (in absolute value) than that of EngineSellSomeDensity.  Thus, a printer firm’s exit rate is reduced most substantially by increases in density of engine makers that sell all engines that they produce; its exit rate is reduced somewhat by increases in density of “tapered” engine makers that use some engines in-house and sell some to other firms; and its exit rate is unaffected by the density of engine makers that are fully captive.  We interpret these results as support for H2.
We also note that the coefficients for PrinterDensity and PrinterDensity2 retain the signs and significance that they exhibited when we introduced engine firm density in Table 2.  Specifically, in all models in Table 3, PrinterDensity has a positive coefficient while PrinterDensity2 has a negative coefficient, and the combined effect of these measures is an unambiguously positive effect of density on exit rates throughout the observed range of the data.

[INSERT TABLE 4 ABOUT HERE]

Finally, in Table 4 we distinguish between the density of vertically integrated and non-integrated laser printer firms.  Models 9 and 10 replicate Models 3 and 4 from Table 2, except that PrinterDensity (PrinterDensity2) is replaced by BuyPrinterDensity (BuyPrinterDensity2) and MakePrinterDensity (MakePrinterDensity2).  In Model 9, the main effects MakePrinterDensity and BuyPrinterDensity both have coefficients that are positive and significant, mirroring the positive coefficient on PrinterDensity in Table 2.  However, the coefficient on MakePrinterDensity is an order of magnitude larger than that for BuyPrinterDensity, and this difference in magnitude is statistically significant.  Thus, printer firm rivals that are at least partially vertically integrated generate more intense competition for a focal firm (as evidenced by a higher exit rate for that firm) than printer firms that are non-integrated.  When the square terms are added in Model 10, it appears that all of the “action” is driven by firms that are at least partially integrated: MakePrinterDensity and MakePrinterDensity2 have positive and negative coefficients, respectively, while the coefficients on BuyPrinterDensity and BuyPrinterDensity2 are insignificant.  This is even more stark in Models 11 and 12, which further distinguish between printer firms that are fully vertically integrated (MakeAllPrinterDensity) and those that rely on a combination of in-house and purchased engines (TaperedPrinterDensity).  While both fully integrated and tapered printer firm densities have positive coefficients that are significantly larger than that of non-integrated printer firm density (and statistically indistinguishable from each other), when square terms are added all of the action is driven by fully integrated firms: MakeAllPrinterDensity and MakeAllPrinterDensity2 have positive and negative coefficients, respectively, while the coefficients on all other printer density variables are insignificant. Once again, assessment of the coefficients indicates that the combined effect of the density and squared density does not turn negative within the observed range of data:  the combined coefficients of MakePrinterDensity and MakePrinterDensity2 increase the hazard rate until reaching a density of 31 firms, and for MakeAllPrinterDensity and MakeAllPrinterDensity2 the turning point is 12 firms; as it happens, in our sample the maximum density of printer firms that make some of their engines is exactly 31, and the maximum density of printer firms that make all of their engines is 12 firms.  We interpret the results in Table 4 as support for H3: consistent with that prediction, vertically integrated rivals are the ones that generate the most intense competition.
Discussion and Conclusion

This paper was motivated by a gap in the existing literature on industry evolution: how does the density of a vertically related population affect the exit rate within a focal population?  We predicted that density in the population of upstream suppliers of a key input would negatively affect the exit rate within a focal (downstream) population.  We further predicted that this relationship would be strongest for the density of non-integrated upstream suppliers and weakest for the density of captive suppliers.  Finally, turning our attention to the downstream industry, we predicted that vertically integrated rivals in the downstream industry would generate more intense competition against a focal downstream firm than would non-integrated rivals in the industry.  We tested these predictions with data describing the U.S. laser printer industry and the U.S. laser printer engine industry from their births in 1984 through 1996.  Our empirical results were consistent with all three hypotheses.  Overall, then, this study contributes to the literature on industry evolution by explicitly extending insights from community ecology to those from literatures on vertically related industries, thus enhancing our understanding of the features that influence firm survival and exit in evolving industries.

We also found one intriguing result unrelated to our hypotheses.  In our sample at least, the non-monotonic relationship between density in a population and the exit rates of firms within that population is greatly affected by the inclusion or omission of variables capturing the density of upstream suppliers.  When estimating “conventional” models of exit in the laser printer industry, we find the common U-shaped relationship that has formed the basis for legitimation-competition theory.  However, when we include measures of the density of upstream laser engine producers, this U-shaped relationship is replaced by a purely competitive relationship between laser printer firm density and laser printer firm exit rates.  


This result suggests two avenues for further research.  First, it is relevant to a recent debate within the organizational ecology literature concerning the proper interpretation of density effects: the “density as proxy” vs. “density as process” debate (Baum 1996).  Institutional theorists have proposed that, if density is a proxy for other mechanisms that actually generate legitimation (i.e., if increased number of firms facilitates coordinated grass roots political activity to secure more favorable regulation of the industry), then further research should focus on examining those mechanisms directly – in essence, seeking theoretically relevant variables that will diminish the significance of the density measures (Baum & Oliver 1992; Zucker 1993). In contrast, ecologists have come to argue that density itself is not a proxy for underlying mechanisms, but is itself the mechanism that drives legitimacy (Hannan & Carroll 1992; Carroll & Hannan 1995).  Our result suggests one way of enlarging the focus of industry evolution research to test the limits of density dependence in the focal population; further testing along these lines may provide more conclusive results.

Second, although this paper has devoted primary attention to the influence of an upstream industry on the life chances of firms in a downstream industry, it suggests that industries co-evolve.  The industry evolution literature has tended to focus on the evolution of single industries, but rarely considers how the entire value chain co-evolves.  This paper begins to make headway in understanding the ways in which vertically related industries co-evolve.  Further research along these lines could ultimately generate a more comprehensive understanding of co-evolution that, in turn, will shed further light on industry evolution.
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Table 1: Descriptive statistics

	
	Mean
	Std.Dev.
	Min
	Max

	Printer firm density 
	95.648
	35.625
	0
	144

	Make-some printer firm density
	18.731
	7.370
	0
	25

	All-make printer firm density 
	8.435
	3.042
	0
	13

	Tapered printer firm density 
	10.295
	5.042
	0
	16

	All-buy printer firm density 
	76.915
	29.019
	0
	124

	Engine firm density 
	26.425
	8.189
	0
	32

	Sell-some engine firm density 
	20.984
	7.065
	0
	26

	All-sell engine firm density  
	7.464
	1.649
	0
	10

	Tapered engine firm density 
	13.520
	6.319
	0
	19

	All-inhouse engine firm density 
	5.440
	1.716
	0
	8

	Firm Age
	3.467
	2.698
	0
	13

	Firm scope
	2.452
	1.977
	1
	12


Table 2:  Effect of (upstream) engine firm population on exit rate for (downstream) laser 
     printer firms 

(standard errors in parentheses; *** = p < .01; ** = p < .05; * = p < .10)

	
	(1)
	(2)
	(3)
	(4)

	Time piece 1
	-5.163 ***

(1.184)
	-3.617 ***

(1.296)
	-3.969 ***

(1.143)
	-5.926 ***

(1.604)

	Time piece 2
	-3.316 ***

(0.597)
	-1.367 (0.990)
	-1.571 ***

(0.528)
	-3.786 ***

(1.530)

	Time piece 3
	-2.268 ***

(0.065)
	0.142

(1.355)
	0.387 

(0.978)
	-1.468

(1.786)

	PrinterDensity
	 0.001

(0.006)
	-0.056 *

(0.032)
	0.045 ***

(0.017)
	0.246 ***

(0.084)

	PrinterDensity2/1000
	
	0.311 *

(0.176)
	
	-0.751 **

(0.323)

	EngineDensity
	
	
	-0.242 ***

(0.088)
	-0.606 ***

(0.152)

	FirmAge
	 0.058

(0.069)
	0.057

(0.069)
	0.062

(0.071)
	0.062

(0.072)

	NumClasses
	-0.410 **

(0.191)
	-0.405 **

(0.194)
	-0.409 **

(0.192)
	-0.416 **

(0.192)

	Wald chi-square
	447.14 ***
	433.26 ***
	417.44 ***
	416.39 ***

	Log-likelihood
	-78.88
	-77.12 
	-74.69 
	-73.00 

	N
	916
	916
	916
	916

	# groups
	124
	124
	124
	124

	# exits
	43
	43
	43
	43


Table 3:  Effect of (upstream) engine firm population on exit rate for (downstream) laser 
printer firms –based on type of engine firm (using all engines in-house, selling 
some or all arms-length)

(standard errors in parentheses; *** = p < .01; ** = p < .05; * = p < .10)

	
	(1)
	(2)
	(3)
	(4)

	Time piece 1
	-3.905 ***

(1.150)
	-5.415 ***

(1.534)
	-3.074 ***

(1.190)
	-4.939 ***

(1.349)

	Time piece 2
	-1.559 ***

(0.582)
	-3.251 **

(1.487)
	-0.195

(0.834)
	-2.113 *

(1.240)

	Time piece 3
	0.633

(0.984)
	-0.748

(1.674)
	1.031

(0.832)
	-0.639

(1.373)

	PrinterDensity
	0.049 ***

(0.017)
	0.209 **

(0.089)
	0.041 **

(0.017)
	0.262 **

(0.128)

	PrinterDensity2/1000
	
	-0.587 *

(0.336)
	
	-0.816 *

(0.478)

	EngineSellingDensity
	-0.329 ***

(0.088)
	-0.610 ***

(0.159)
	
	

	EngineSellAllDensity
	
	
	-0.593 ***

(0.159)
	-1.051 ***

(0.395)

	EngineSellSomeDensity
	
	
	-0.200 **

(0.849)
	-0.577 ***

(0.192)

	EngineCaptiveDensity
	-0.032 

(0.140)
	-0.350 

(0.213)
	0.008

(0.129)
	-0.439 

(0.272)

	FirmAge
	0.088 

(0.070)
	0.086

(0.071)
	0.092 (0.070)
	0.086

(0.070)

	NumClasses
	-0.450 **

(0.197)
	-0.455 **

(0.197)
	-0.458 **

(0.194)
	-0.468 **

(0.194)

	Wald chi-square
	427.89 ***
	420.25 ***
	418.48 ***
	400.10 ***

	Log-likelihood
	-71.12 
	-70.19 
	-69.39 
	-67.96 

	N
	916
	916
	916
	916

	# groups
	124
	124
	124
	124

	# exits
	43
	43
	43
	43


Table 4: Effect of density of printer firms (fully integrated into engine production; tapered integration into engine production; no in-house engine production) on printer firm exit rate

(standard errors in parentheses; *** = p < .01; ** = p < .05; * = p < .10)

	
	(1)
	(2)
	(3)
	(4)

	Time piece 1
	-2.829 **

(1.109)
	-3.198 ***

(1.068)
	-3.047 **

(1.238)
	-2.864 **

(1.125)

	Time piece 2
	0.293

(0.725)
	1.243

(1.458)
	-0.120

(0.904)
	0.125

(1.434)

	Time piece 3
	1.122

(0.774)
	4.553 **

(2.126)
	0.738

(0.997)
	2.646 

(1.631)

	MakePrinterDensity
	0.560 ***

(0.156)
	2.222 ***

(-0.036)
	
	

	MakePrinterDensity2
	
	-0.036 ***

(0.013)
	
	

	MakeAllPrinterDensity
	
	
	0.557 ***

(0.156)
	3.811 ***

(1.349)

	MakeAllPrinterDensity2
	
	
	
	-0.161 **

(0.067)

	TaperedPrinterDensity
	
	
	0.450 **

(0.198)
	1.290

(0.918)

	TaperedPrinterDensity2
	
	
	
	-0.022

(0.036)

	BuyPrinterDensity
	0.036 **

(0.017)
	0.085

(0.060)
	0.041 **

(0.017)
	-0.055

(0.140)

	BuyPrinterDensity2/ 1000
	
	0.206

(0.362)
	
	1.068

(0.818)

	EngineDensity
	-0.636 ***

(0.148)
	-1.540 ***

(0.375)
	-0.591 ***

(0.153)
	-1.396 ***

(0.321)

	FirmAge
	0.087

(0.071)
	0.064

(0.070)
	0.087

(0.072)
	0.058

(0.071)

	NumClasses
	-0.431 ** 

(0.186)
	-0.461 **

(0.192)
	-0.437 **

(0.185)
	-.046 **

(0.190)

	Wald chi-square
	402.65 ***
	373.74 ***
	409.44 ***
	475.36 ***

	Log-likelihood
	-69.40 
	-63.69
	-69.16
	-63.81

	N
	916
	916
	916
	916

	# groups
	124
	124
	124
	124

	# exits
	43
	43
	43
	43
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� For example, rural banks and urban banks (Lomi 1995) or different organizational forms such as HMOs, blood banks, or dental offices within the healthcare industry (Ruef 2000).


� This study joins a handful of other studies that have begun to explore how governance choices that are assumed to be made for organizational efficiency reasons also generate competitive effects for their rivals (Silverman & Baum 2002; Negro & Sorenson 2005).    


� We replicate all models adding FirmAge2.  FirmAge2 is never significant, and its inclusion does not significantly change the coefficients of any other variables in the model.


� In the reported models we use NumClasses.  The models using NumProducts are essentially identical.


� The full analysis and convergence to the pieces is available from the authors. The results are robust to alternate hazard-rate specifications.
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